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(57) Abstract: Performance of an engine-start check for a hybrid vehicle (106) compris-
ing an engine (108) and a battery operated motive power source (114) is discussed. It is
determined that the hybrid vehicle (106) is to be activated in a hybrid mode of operation
or an electric drive mode of operation based on a fuel level in a fuel tank (110) and a state
of charge of a battery (112) of the hybrid vehicle (106). The engine (108) is started prior
to activating the hybrid vehicle (106) in the hybrid mode of operation or the electric dri-
ve mode of operation. An engine speed of the engine (108) is compared with a threshold
engine speed to perform the engine-start check. It is determined whether the engine-start
check is successful based on the comparison. The engine (108) is stopped, and the hybrid
vehicle (106) is activated on completion of the engine-start check.
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TECHNICAL FIELD
[0001] The subject matter described herein relates to methods and systems for

performing automatic engine-start check, particularly for hybrid vehicles.

BACKGROUND
[0002] Conventionally, vehicles, such as motorbikes and cars, are operated using
an Internal Combustion (IC) engine or an electrical propulsion mechanism, such as
an electric motor. The vehicles that use IC engine add to emissions in the form of
smoke that get added to the atmosphere, while the vehicles that use electrical
propulsion do not emit smoke. On the other hand, the vehicles that use electrical
propulsion have less power compared to the vehicles that use IC engine. Vehicle
manufacturers have started combining both IC engine and electrical propulsion
together to get the advantage of both in the vehicles in vehicles called hybrid
vehicles. In hybrid vehicles, a drive mode could be IC engine alone, electric motor

alone, or a combination of both.

BRIEF DESCRIPTION OF DRAWINGS
[0003] The detailed description is described with reference to the accompanying
figures. In the figures, the left most digit(s) of a reference number identifies the
figure in which the reference number first appears. The same numbers are used
throughout the drawings to reference like features and components.
[0004] Fig. 1 illustrates a block diagram of a system for performing engine-start
check of a hybrid vehicle, in accordance with an example implementation of the
present subject matter.
[0005] Fig. 2 illustrates a method of performing engine-start check, in accordance
with an example implementation of the present subject matter.
[0006] Figs. 3a and 3b illustrate methods to determine a mode of operation of a
hybrid vehicle based on a level of fuel and a state of charge of a battery of the
vehicle, in accordance with an example implementation of the present subject

matter.
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[0007] Fig. 4 illustrates a method for performing engine-start check in hybrid or
electric drive mode of operation, in accordance with an example implementation of
the present subject matter.

[0008] Fig. S illustrates a dashboard of a hybrid vehicle, in accordance with an

example implementation of the present subject matter.

DETAILED DESCRIPTION

[0009] The present subject matter described herein relates to methods and systems
for performing engine-start check for hybrid vehicles. Hybrid vehicles include an
internal combustion (IC) engine, also referred to as engine, and a battery operated
motive power source or electric propulsion mechanism, such as an electric motor.
[0010] In conventional hybrid vehicles, at times, the internal combustion engine
may have to be started automatically while the vehicle is being operated on an
electric motor, also referred to as an electric drive mode of operation. For example,
when the hybrid vehicle lacks sufficient acceleration while overtaking, climbing a
gradient or the like, while being operated on an electric drive mode alone, the IC
engine has to be started automatically to assist the electric motor. Failure to start
the IC engine in such situations may become a safety concern. The failure may
occur for various reasons, such as low engine oil temperature, low engine
temperature, failure of starter motor, etc.

[0011] The present subject matter discloses automatic engine-start check systems
and methods for hybrid vehicles. In an example implementation of the present
subject matter, an engine of a hybrid vehicle, also referred to as a vehicle can be
started on demand. In an example, vehicle parameters such as fuel level and battery
state of charge are obtained to determine a mode of operation in which the vehicle
is to be activated. If the vehicle mode of operation is determined to be hybrid mode
or electric drive mode, the engine is started to check if the engine is operational,
prior to activating the vehicle. If the start check is unsuccessful, the rider may be
made aware prior to activating the vehicle. The indication of the failure alerts the
rider of the vehicle, so that the rider may ride the vehicle in electric drive mode of

operation and get necessary support at the earliest.
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[0012] The hybrid vehicle in which the present subject matter may be implemented
may be any hybrid vehicle, such as a two-wheeled vehicle, a three wheeled vehicle,
a four wheeled vehicle, etc.

[0013] The above and other features, aspects, and advantages of the subject matter
will be better explained with regard to the following description and accompanying
figures. It should be noted that the description and figures merely illustrate the
principles of the present subject matter along with examples described herein and,
should not be construed as a limitation to the present subject matter. It is thus
understood that various arrangements may be devised that, although not explicitly
described or shown herein, embody the principles of the present disclosure.
Moreover, all statements herein reciting principles, aspects, and examples thereof,
are intended to encompass equivalents thereof. Further, for the sake of simplicity,
and without limitation, the same numbers are used throughout the drawings to
reference like features and components.

[0014] Fig. 1 illustrates a block diagram of a system 100 for automatic engine-start
check operation of a hybrid vehicle, in accordance with an implementation of the
present subject matter. The system 100 can include a controller 102 and an ignition
control unit 104. In one example, the controller 102 may be an Electronic Control
Unit (ECU) of a hybrid vehicle 106, also referred to as vehicle 106, and may be
implemented as any microcontroller or processing unit as may be understood by a
person skilled in the art. The ignition control unit 104 may be a transistor controlled
ignition (TCI) unit or any other suitable ignition control unit. The ignition control
unit 104 may include various components, such as an ignition coil, a processor,
relays, a memory storing ignition maps, etc., which will be understood and are not
described for brevity. As may be appreciated, the ignition control unit 104 may
control the ignition timing for ignition provided to an engine 108 of the hybrid
vehicle 106. The hybrid vehicle 106 may be any hybrid vehicle with any number of
wheels. Accordingly, the hybrid vehicle 106 may be operated by a rider or driver
and the term rider is intended to include driver as well.

[0015] The hybrid vehicle 106 may include the engine 108, a fuel tank 110 to
supply fuel to the engine 108, a battery 112, an electric motor 114, a dashboard 116,
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switches 118, sensors 120, and various other components for its functioning as may
be appreciated by a person skilled in the art. The switches 118 may include an
ignition switch, a brake switch, and an activation switch amongst other switches.
The sensors 120 may include a fuel level sensor, an engine oil temperature sensor,
a throttle position sensor, and an engine speed sensor, amongst other sensors.
Additionally, the vehicle 106 may include a battery management system (BMS)
associated with the battery 112 that may monitor and provide the battery state of
charge to the controller 102. The controller 102 may be communicatively coupled
to the ignition control unit 104 and various other components via, for example,
controller area network (CAN) lines. In one example, the controller 102 may
receive status of the various switches 118 and sensors 120 over the CAN lines.
[0016] In operation, the controller 102 may determine that the hybrid vehicle 106
is to be activated in a hybrid mode of operation or an electric drive mode of
operation based on a fuel level in the fuel tank 110 and a state of charge of the
battery 112. In one example, when an ignition switch of the vehicle 106 is switched
ON, a throttle position of the hybrid vehicle 106 corresponds to idling (i.e., is at
substantially zero percentage throttle), an activation switch of the hybrid vehicle
106 is switched ON, and a brake switch of the hybrid vehicle 106 is switched ON,
the controller 102 may determine that a rider would like to activate the vehicle 106.
Prior to activating the vehicle 106, the controller 102 may obtain the fuel level and
the battery state of charge from corresponding sensors to determine a mode of
operation of the vehicle 106.

[0017] Further, the controller 102 may compare the fuel level with a threshold fuel
level and the battery state of charge with a threshold battery state of charge; and
determine a mode of operation for activating the hybrid vehicle 106. The controller
102 may also determine an estimated running distance on determining the mode of
operation and display the mode of operation and the running distance on the
dashboard 116 of the hybrid vehicle 106 to make the ride aware of the operational
condition of the vehicle 106 prior to its activation.

[0018] In one example, when the fuel level is less than the threshold fuel level and

the battery state of charge is less than the threshold battery state of charge, the mode
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of operation may be determined to be immobile or limp home mode for both the
engine 108 and electric motor 114. As is understood, a limp home mode is a safety
feature provided in vehicles that allows a vehicle having a fault in the motive power
source or transmission system to move for some distance on minimal power so that
arider/ driver may obtain required assistance for servicing the vehicle. Accordingly,
on receiving an indication that the vehicle 106 is immobile, the rider may take the
vehicle 106 to a nearest charging center or petrol station or to an assistance center
for receiving assistance.

[0019] In another example, when the fuel level is not less than the threshold fuel
level, i.e., fuel level is greater than or equal to the threshold fuel level, and the
battery state of charge is not less than the threshold battery state of charge, i.e., the
battery state of charge is greater than or equal to the threshold battery state of
charge, the mode of operation may be determined to be a hybrid mode. In the hybrid
mode, the vehicle 106 may start in an electric drive mode by default and the engine
108 may assist the electric motor 114 in case more power is required.

[0020] In another example, when the fuel level is not less than the threshold fuel
level, i.e., fuel level is greater than or equal to the threshold fuel level, and the
battery state of charge is less than the threshold battery state of charge, the mode of
operation may be determined to be an engine mode of operation. In the engine mode
of operation, the vehicle 106 is operated primarily by the engine 108 while the
electric motor 114 is to be operable in a limp home mode in case of emergency.
[0021] In another example, when the fuel level is less than the threshold fuel level
and the battery state of charge is not less than the threshold battery state of charge,
i.e., the battery state of charge is greater than or equal to the threshold battery state
of charge, the mode of operation is determined to be the electric drive mode of
operation. In the electric drive mode of operation, the vehicle 106 is operated
primarily by the electric motor 114 while the engine 108 is to be operable in the
limp home mode in case of emergency.

[0022] On determining the mode of operation, the controller 102 is to perform an
engine-start check automatically prior to activating the determined mode of

operation when the mode of operation is determined to be the hybrid mode or the
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electric drive mode. Activating the determined mode of operation refers to allowing
the vehicle 106 to operate in the determined mode of operation. The activating may
be performed by the controller 102 by methods known in the art and hence is not
described.

[0023] The engine-start check may be performed for the hybrid mode and the
electric drive mode to ensure that in case the engine 108 is to later be started, while
the vehicle 106 is being driven by the electric motor114 in the hybrid mode or the
electric drive mode, the engine 108 is likely to start without any problems
associated therewith.

[0024] In one example, to perform the engine-start check, the engine 108 may be
started prior to activating the hybrid vehicle 106. For this, the controller 102 may
send a signal to the ignition control unit 104 to identify an ignition map for
controlling ignition timing of the engine 108. The ignition control unit 104 may
identify an ignition map based on an engine oil temperature. For example, the
ignition control unit 104 may select a base ignition map when the engine oil
temperature is greater than a threshold temperature and may select a heating
ignition map when the engine oil temperature is not greater than the threshold
temperature, i.e., when the engine oil temperature is less than or equal to the
threshold temperature.

[0025] Ignition maps are typically provided for selecting ignition timing (i.e.,
angular position of the engine crankshaft/ position of piston at which ignition is to
be done), as a function of engine speed and throttle position for each mode of
operation of the vehicle 106. The ignition maps may be pre-built or stored in the
ignition control unit 104 by a manufacturer of the vehicle 106. In operation, the
ignition control unit 104 may receive the engine speed, engine oil temperature, and
the throttle position directly or from the controller 102. Additionally, the mode of
operation may be sent by the controller 102 to the ignition control unit 104 for
selection of an ignition map for operating the engine 108.

[0026] The base ignition map may refer to an ignition map determined for

controlling ignition timing with respect to engine speed and throttle position for
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operating the engine 108 for a particular mode of operation without any corrections
for temperature.

[0027] The heating ignition map may refer to an ignition map determined for
controlling ignition timing with respect to engine speed and throttle position for
operating the engine 108 for cold start operation for a particular mode of operation.
For example, based on a comparison of temperature read by a sensor mounted on a
crankcase with a pre-set temperature or comparison of engine oil temperature with
the threshold temperature, the ignition angle provided in the heating ignition map
will be added to the angle provided in the base ignition mapping and accordingly
the ignition timing and the ignition angle at which an ignition coil is fired may be
determined. Thus, as may be understood, for cold start operation the ignition angle
may be advanced as compared to normal or hot start operation.

[0028] It will be understood that the ignition control unit 104 may store various
ignition maps to be used for different operating conditions and operating modes of
the vehicle 106 as may be provided by a manufacturer of the vehicle 106 and/or
may be updated during the life time of the vehicle 106.

[0029] In one example, the ignition control unit 104 may also actuate a cold start
solenoid of a starter circuit, for example, of a carburetor or a fuel injector (not
shown in the figure) of the hybrid vehicle 106 for cold starting the engine 108 when
the engine oil temperature is not greater than the threshold temperature. Further, the
controller 102 may crank the engine by a starter motor (not shown in the figure)
and the ignition control unit 104 may provide ignition to the engine 108 based on
the selected ignition map upon cranking of the engine.

[0030] The controller 102 may then monitor an engine speed of the engine 108 and
may compare the engine speed with a threshold engine speed to perform the engine-
start check and may determine whether the engine-start check is successful based
on the comparison. In one example, the controller 102 may compare the engine
speed with the threshold engine speed after expiry of a delay time from a time of
starting the engine 108 to allow the engine speed to reach a steady value before the

comparison.
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[0031] In one example, the engine-start check may be indicated to be a failure when
the engine speed is less than the threshold engine speed, while the engine-start
check may be indicated to be a success when the engine speed is not less than the
threshold engine speed, i.e., the engine speed is equal to or greater than the
threshold engine speed. In one example, the success or failure of the engine-start
check may be indicated through the dashboard 116 by providing one or more of an
audio signal through a speaker on the dashboard, a text message on a display of the
dashboard, a lighted symbol on the display, and a light indicator on the dashboard.
Further, the controller 102 may stop the engine 108 and activate the hybrid vehicle
106 in the determined mode of operation on completion of the engine-start check.
[0032] Figs. 2, 3a, 3b, and 4 illustrate methods according to various example
implementations of the present subject matter. The order in which the methods are
described is not intended to be construed as a limitation, and some of the described
method blocks can be combined in a different order to implement the methods or
alternative methods. Furthermore, the methods may be implemented in any suitable
hardware, computer readable instructions, or combination thereof. The blocks of
the methods may be performed by either a processor/ controller under the
instruction of machine executable instructions or by dedicated hardware circuits,
microcontrollers, or logic circuits. While the methods may be implemented in any
device, the following description is provided in the context of system 100 as
described earlier with reference to Fig. 1 for ease of discussion.

[0033] Fig. 2 illustrates a method 200 of performing engine-start check in
accordance with an example implementation of the present subject matter. The
method 200 may be performed for a hybrid vehicle, such as vehicle 106, comprising
an engine 108 and a battery operated motive power source, such as the electric
motor 114, as discussed earlier with reference to Fig. 1.

[0034] At block 202, it is determined that the hybrid vehicle is to be activated in a
hybrid mode of operation or an electric drive mode of operation based on a fuel
level in a fuel tank and a state of charge of a battery of the hybrid vehicle. For
example, the controller 102 may determine the mode of operation of the vehicle

106 based on the fuel level and the state of charge, and may then perform the
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engine-start check when the mode of operation is determined to be a hybrid mode
of operation or an electric drive mode of operation. The determination of mode of
operation will be discussed in detail with reference to Figs. 3a and 3b.

[0035] Atblock 204, the engine may be started prior to activating the hybrid vehicle
in the hybrid mode of operation or the electric drive mode of operation. For
example, the controller 102 may crank the engine 108 using a starter motor and may
operate the engine 108 using the ignition control unit 104. For this, the ignition
control unit 104 may select an ignition map based on an engine oil temperature.
Further, the ignition control unit 104 may actuate a cold start solenoid of the hybrid
vehicle 106 for cold starting the engine 108 when the engine oil temperature is not
greater than the threshold temperature

[0036] At block 206, an engine speed of the engine may be compared with a
threshold engine speed to perform the engine-start check. For example, the
controller 102 may compare the engine speed with the threshold speed to determine
whether the engine may be started without any problems in case it is required during
the hybrid mode or electric drive mode of operation. In one example, the
comparison is performed after lapse of a delay time from starting the engine to
allow the engine speed to stabilize after starting.

[0037] At block 208, it is determined whether the engine-start check is successful
based on the comparison. For example, the controller 102 may determine the
engine-start check to be successful if the engine speed reaches a speed that is greater
than or equal to the threshold speed. On the other hand, the controller 102 may
determine the engine-start check to be unsuccessful if the engine speed reaches a
speed that is less than the threshold speed. In one example, one or more of an audio
signal, a text message on a display, a colored lighted symbol on the display, and a
light indicator may be used to indicate the success or failure of the engine-start
check on a dashboard of the vehicle for the reference of the rider.

[0038] At block 210, the engine may be stopped and the hybrid vehicle may be
activated on completion of the engine-start check to operate the hybrid vehicle in

the determined mode of operation.
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[0039] Figs. 3a and 3b illustrate methods 300 and 350 to determine a mode of
operation of a hybrid vehicle based on a level of fuel and a state of charge of a
battery of the vehicle, in accordance with an example implementation of the present
subject matter.

[0040] As shown in Fig. 3a, at block 302, a controller, such as the controller 102
may receive a signal from an ignition switch to read status of the ignition switch.
At block 304, the controller 102 may determine if the ignition switch is ON or not.
If at block 304 the ignition switch is determined to be not switched ON, then the
status of the ignition switch is further continually monitored.

[0041] When the ignition switch at block 304 is identified as switched ON, a rider
of the vehicle is prompted at block 306 for activating the vehicle. Th activation of
the vehicle may be done for operating the vehicle and may have to be done
separately so that the vehicle does not start by accident. Thus, having an activation
switch in addition to the ignition switch provides a safety mechanism for starting
the vehicle. In an example, the prompt message is displayed on a display unit of the
dashboard 116.

[0042] At block 308, the controller 102 may read a throttle position from a throttle
position sensor, a brake switch, and an activation switch to determine the position
of the throttle, status of the brake switch, and status of activation switch
respectively.

[0043] At block 310, if the throttle position is in idling position or substantially
zero position, the brake switch is in ON condition, and the activation switch is in
ON condition, the controller 102 activates the vehicle. Else, the controller 102 may
continue to provide a prompt at block 306.

[0044] At block 312, when the vehicle activated, the controller 102 may detect a
level of fuel and a state of charge (SOC) of the battery. In an example, the controller
102 may read the level of fuel of a fuel tank using a fuel sensor and a state of charge
of the battery using a Battery Management System (BMS). Further, at block 314,
the controller 102 can calculate a distance that the vehicle can travel with the
amount of fuel and electrical energy available for the plurality of drive modes, such

as an engine based limp home mode, an electric drive based limp home mode,
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immobile mode, and hybrid mode, of the vehicle. The controller 102 can also
display the distance for all modes on a display unit, such as the dashboard 116 of
the vehicle 106.

[0045] At block 316, determination is made to check if the level of fuel and state
of charge of the battery are above or below their respective pre-set minimum/
threshold values. If both the level of fuel and state of charge are below their
respective pre-set minimum values, the controller 102 may display an indication on
the display unit of both low fuel and low battery to the rider at block 318 and the
vehicle may be made immobile or operable in limp home mode. If, however, at
least one of the level of fuel and the state of charge of the vehicle are above their
pre-set minimum values, then at block 320, the controller 102 can further continue
to determine mode of operation of the vehicle.

[0046] Referring to Fig. 3b, which continues from block 320, at block 352, a
controller, such as the controller 102 may determine the state of charge (SOC) of
the battery from a battery management system (BMS). Based on the determination,
it is analyzed if the state of charge is above or below a pre-set minimum/ threshold
SOC.

[0047] If the controller 102 determines that the SOC is below the pre-set minimum
SOC, then at block 354, the controller 102 may display the amount of SOC of
battery on a display unit. Additionally, the controller 102 detects the amount of fuel
available in the vehicle from a fuel sensor to display a distance that the vehicle can
travel operating just on the fuel till it reaches an empty fuel tank condition. Further,
the controller 102 sets the mode of operation to the engine operation mode with a
limp home mode for the electric drive at block 356. In this case, the engine works
primarily for powering the vehicle 106, and the electric motor is not operated unless
in case of an emergency. In an example, the controller 102 may also prompt the
rider of the vehicle to charge the vehicle by indicating the low battery level on the
display unit.

[0048] If the controller 102 establishes that the state of charge of battery is not
below the pre-set minimum SOC, the controller 102 may compare the level of fuel

with pre-set minimum/ threshold level of fuel at block 358.
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[0049] In an example, if the controller 102 determines that the level of fuel is below
the pre-set minimum level of fuel, then at block 360, the controller 102 may display
the level of fuel to the rider. Further, the controller 102 can also determine and
display a distance that the vehicle can travel operating just on the battery until the
battery is drained and may display the distance at block 360. Further, at block 362,
the controller 102 may set the mode of operation of the vehicle to an electric drive
operation mode with an engine limp home mode such that electric motor works
primarily for powering the vehicle 106 and the engine is not used unless in an
emergency. In an example, the controller 102 can prompt the rider to refill the fuel
by indicating the low fuel level on the display unit.

[0050] Further, at block 364, if the controller 102 establishes that the state of charge
of battery is above or equal to the pre-set minimum SOC and the level of fuel is
also above or equal to the pre-set minimum level of fuel then, the controller 102
may set the mode of operation of the vehicle to a hybrid mode. In the hybrid mode,
the electric drive operation mode may be the default mode of operation with the
engine mode used for additional power.

[0051] Additionally, after the blocks 362 and 364, the controller 102 may perform
automatic engine-start check as will be discussed with reference to Fig. 4, to ensure
that the engine may be safely started in case it is required while the vehicle is being
run by power from the electric motor.

[0052] Fig. 4 illustrates a method 400 for performing engine-start check in hybrid
or electric drive mode of operation, in accordance with an example implementation
of the present subject matter. In an example, as has been discussed, a controller
such as the controller 102 can determine that the vehicle is to be activated in a
hybrid mode or electric drive mode. When the vehicle is activated in hybrid mode
or engine limp home mode, to check the readiness of vehicle for engine operation,
at block 402, an ignition control unit 104 such as a transistor controlled ignition
(TCI) unit can estimate a temperature of engine oil of the vehicle. In an example,
the temperature of the engine oil can be obtained using a temperature sensor.
[0053] The ignition control unit 104 can further compare the estimated temperature

of the engine oil with a pre-set/ threshold temperature. At block 404, if the estimated
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temperature is determined to be less than or equal to the pre-set temperature, then
the ignition control unit actuates a solenoid at block 406 and selects a heating
ignition map at block 408. The solenoid may be a usually closed solenoid which
when actuated opens the starter circuit of a carburetor or fuel injector of the IC
engine for cold starting. The heating ignition map, as may be understood, may be
used to correct the base ignition map for cold start conditions.

[0054] If at block 404, the ignition control unit 104 determines the temperature of
the engine oil to be above the pre-set temperature then, at block 410, the ignition
control unit 104 selects a base ignition map, without temperature corrections, for
operating the engine.

[0055] Once an ignition map is selected, at block 412, an engine-start check
message is displayed on the display unit to indicate to the rider that an engine-start
check is being performed. At block 414, the controller 102 may crank the engine
with a starter motor and start the engine of the vehicle with operation of the ignition
control unit 104. After the engine starts, a delay is allowed before determining speed
of the engine as shown in block 416.

[0056] At block 418, the controller 102 can monitor the speed of the engine with a
rotation per minute (rpm) sensor mounted suitably on the crankshaft of the engine.
The delay is provided at block 416 to allow the engine to reach a consistent
rotational speed before it is read at block 418. This allows the controller 102 to
obtain and use an accurate reading.

[0057] At block 420, the controller 102 determines if the speed (rpm) of the engine
is either greater than or equal to a pre-set/ threshold rpm. If the rpm of the engine
is either greater than or equal to the pre-set rpm, the engine is stopped at block 422
and the engine-start check is considered successful.

[0058] If the rpm of the engine is less than the pre-set rpm then, at block 424, the
engine-start check is considered unsuccessful and the controller 102 can display a
fault code/ indicator for informing the rider of the failure in starting the engine on
the display unit provided on the dashboard vehicle. In an example, at block 426, the
controller 102 can switch on a beeper for few seconds, for example for 3 seconds.

The beeper produces a beeping sound to indicate the fault code to the rider. This
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helps in informing the rider of the engine-start check failure so that the rider can
obtain assistance. It thus helps in avoiding accidents caused due to abrupt engine
start failure. Further, after the engine-start check failure message is displayed, the
engine is stopped, and the vehicle is activated in the determined mode of operation
at block 422.

[0059] Fig. 5 illustrates a dashboard 116 of the vehicle. The dashboard 116 may
include a variety of components to indicate to the rider about the various operating
parameters of the vehicle. In one example implementation, the dashboard 116 of
the vehicle uses a Liquid crystal display (LCD) based display. In another
implementation, the dashboard 116 of the vehicle may use a thin film transistor
(TFT) based display. The dashboard 116 can comprise a battery SOC indicator 502,
a fuel level indicator 504, a low fuel indicator 506, a malfunction indicator 508, a
range indicator 510, an area for displaying text messages 512, etc. The battery SOC
indicator 502 can indicate the available state of charge of the battery for operating
the vehicle in the electric drive mode. The fuel level indicator 504 can indicate the
availability of fuel in the fuel tank for operating the engine of the vehicle. The low
fuel indicator 506 can indicate the level of fuel in the fuel tank. The malfunction
indicator 508 can indicate any fault in the functioning of the vehicle.

[0060] The range indicator 510 can indicate a distance that the vehicle can travel
with the available state of charge and available level of fuel. For instance, in an
example, the range indicator 510 indicates the distance the vehicle is capable of
traveling in an electric drive limp home mode or an engine limp home mode. In
another example, the range indicator 510 can indicate the distance, the vehicle can
travel in a pure electric drive mode, in which the vehicle is operated only using
battery and electric motor. Similarly, the range indicator 510 is also capable of
indicating the distance the vehicle can travel using engine as the only source of
power. The range indicator 510, in another example, can also indicate the combined
distance the vehicle can travel using both the available sources of power. For
example, the range indicator 510 on the dashboard 116 can be toggled using a toggle

key to navigate to the different range indications for the different modes of
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operation. In an example, the dashboard 116 can display text about engine-start
check, failure in the engine self-start, malfunction in the engine, etc.

[0061] Thus, the systems and methods of the present subject matter can check and
ensure the start-ability of the engine before each ride and help in avoiding accidents
or other safety issues caused due to engine start failure. Further, the rider can be
proactively informed about the failure of engine before activating the hybrid or
electric drive mode of operation of the vehicle, so that the rider can be prompted to
get technical support for servicing the engine.

[0062] Although the subject matter has been described in considerable detail with
reference to certain examples and implementations thereof, other implementations
are possible. As such, the scope of the present subject matter should not be limited

to the description of the preferred examples and implementations contained therein.
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I/'We claim:

1. A method for performing an engine-start check for a hybrid vehicle (106)
comprising an engine (108) and a battery operated motive power source
(114), the method comprising:

determining that the hybrid vehicle (106) is to be activated in a
hybrid mode of operation or an electric drive mode of operation based on a
fuel level in a fuel tank (110) and a state of charge of a battery (112) of the
hybrid vehicle (106);

starting the engine (108) prior to activating the hybrid vehicle (106)
in the hybrid mode of operation or the electric drive mode of operation;

comparing an engine speed of the engine (108) with a threshold
engine speed to perform the engine-start check;

determining whether the engine-start check is successful based on
the comparison; and

stopping the engine (108) and activating the hybrid vehicle (106) on
completion of the engine-start check to operate the hybrid vehicle (106) in

the determined mode of operation.

2. The method as claimed in claim 1, wherein starting the engine (108)
comprises:
identifying an ignition map based on an engine oil temperature;
cranking the engine (108) by a starter motor; and

operating the engine (108) based on the ignition map.

3. The method as claimed in claim 2, wherein identifying the ignition map
comprises:
selecting a base ignition map when the engine oil temperature is
greater than a threshold temperature; and
selecting a heating ignition map when the engine oil temperature is

not greater than the threshold temperature.
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4. The method as claimed in claim 3, comprising actuating a cold start solenoid
for cold starting the engine (108) when the engine oil temperature is not greater

than the threshold temperature.

5. The method as claimed in claim 1, comprising comparing the engine speed
with the threshold engine speed after expiry of a delay time from a time of starting

the engine (108).

6. The method as claimed in claim 1, comprising
indicating engine start failure when the engine speed is less than the
threshold engine speed; and
indicating engine start success when the engine speed is not less than

the threshold engine speed.

7. The method as claimed in claim 6, wherein indicating the engine start
success or engine start failure comprises providing one or more of an audio signal,
a text message on a display, a colored lighted symbol on the display, and a light

indicator.

8. The method as claimed in claim 1, wherein determining that the hybrid
vehicle (106) is to be activated in the hybrid mode of operation or the electric drive
mode of operation comprises:
determining that a throttle position of the hybrid vehicle (106)
corresponds to idling, an activation switch of the hybrid vehicle (106) is
switched ON, and a brake switch of the hybrid vehicle (106) is switched ON;
obtaining the fuel level and the battery state of charge;
comparing the fuel level with a threshold fuel level and the battery
state of charge with a threshold battery state of charge; and
determining a mode of operation for activating the hybrid vehicle

(106) as:
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immobile when the fuel level is less than the threshold fuel
level and the battery state of charge is less than the threshold battery
state of charge;

the hybrid mode of operation when the fuel level is not less
than the threshold fuel level and the battery state of charge is not less
than the threshold battery state of charge;

the engine mode of operation when the fuel level is not less
than the threshold fuel level and the battery state of charge is less than
the threshold battery state of charge, wherein in the engine mode of
operation, the battery operated motive power source (114) is to be
operable in a limp home mode; and

an electric drive mode of operation when the fuel level is less
than the threshold fuel level and the battery state of charge is not less
than the threshold battery state of charge, wherein in the electric drive
mode of operation, the engine (108) is to be operable in the limp home

mode.

9. The method as claimed in claim 8, comprising determining an estimated

running distance for the determined mode of operation and displaying the mode of

20  operation and estimated running distance.

10. A system (100) for performing engine-start check for a hybrid vehicle (106),

the system (100) comprising a controller (102) to:

determine that the hybrid vehicle (106) is to be activated in a hybrid

25 mode of operation or an electric drive mode of operation based on a fuel level

in a fuel tank (110) and a state of charge of a battery (112) of the hybrid
vehicle (106);

start the engine (108) prior to activating the hybrid vehicle (106) in

the hybrid mode of operation or the electric drive mode of operation;

30

compare an engine speed of the engine (108) with a threshold engine

speed to perform the engine-start check, wherein the controller (102) is to
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compare the engine speed with the threshold engine speed after expiry of a
delay time from a time of starting the engine (108);

determine whether the engine-start check is successful based on the
comparison; and

stop the engine (108) and activate the hybrid vehicle (106) in the

determined mode of operation on completion of the engine-start check.

11. The system (100) as claimed in claim 10, wherein the system comprises an
ignition control unit (104) and wherein, to start the engine (108),
the ignition control unit (104) is to select a base ignition map or a
heating ignition map based on an engine oil temperature; and
the controller (102) is to crank the engine (108) by a starter motor

and operate the engine (108) based on the ignition map.

12. The system (100) as claimed in claim 10, comprising a dashboard (116),
wherein the controller (102) is to indicate engine start failure through the dashboard
(116) when the engine speed is less than the threshold engine speed and indicate
engine start success through the dashboard (116) when the engine speed is not less

than the threshold engine speed.

13. The system (100) as claimed in claim 10, wherein, to determine that the
hybrid vehicle (106) is to be activated in the hybrid mode of operation or the electric
drive mode of operation, the controller (102) is to:
determine that a throttle position of the hybrid vehicle (106)
corresponds to idling, an activation switch of the hybrid vehicle (106) is
switched ON, and a brake switch of the hybrid vehicle (106) is switched ON;
obtain the fuel level and the battery state of charge;
compare the fuel level with a threshold fuel level and the battery
state of charge with a threshold battery state of charge; and
determine a mode of operation for activating the hybrid vehicle

(106) as:
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immobile when the fuel level is less than the threshold fuel
level and the battery state of charge is less than the threshold battery
state of charge;

the hybrid mode of operation when the fuel level is not less
than the threshold fuel level and the battery state of charge is not less
than the threshold battery state of charge;

the engine mode of operation when the fuel level is not less
than the threshold fuel level and the battery state of charge is less than
the threshold battery state of charge, wherein in the engine mode of
operation, the battery operated motive power source (114) is to be
operable in a limp home mode; and

an electric drive mode of operation when the fuel level is less
than the threshold fuel level and the battery state of charge is not less
than the threshold battery state of charge, wherein in the electric drive
mode of operation, the engine (108) is to be operable in the limp home

mode.

14. The system (100) as claimed in claim 13, wherein the controller (102) is to

determine an estimated running distance on determining the mode of operation and

20  display the mode of operation and the running distance on a dashboard (116) of the
hybrid vehicle (106).
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