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SYSTEMS FOR AND METHODS OF ENGINE DERATING

Related Applications

[0001] This application claims the benefit of priority to U.S. Provisional Patent
Application No. 61/541,816 entitled “SYSTEMS FOR AND METHODS OF ENGINE
DERATING?” filed September 30, 2011. The entire is hereby incorporated herein by

reference.

Background

[0002] The present disclosure addresses, primarily, the problem of vehicle or
cargo theft. Specifically, potentially dangerous or damaging conditions are created
once a vehicle is stolen, such as potential harm to third parties and damage to the
vehicle.

[0003] Vehicles, such as diesel tractor trailers, include engine control modules
(ECM), which are responsible for controlling electronic signals to the engine. In such
vehicles, a throttle position sensor (TPS) is used to monitor the position of the
throttle of the vehicle’s internal combustion engine. A sensor signal from the TPS is
output to the vehicle’s ECM, which alters ignition and fuel injection timing depending
upon, among other things, a position of the vehicle’s throttle. In particular, the TPS
may be a potentiometer that provides a variable voltage to the ECM depending on

the position of the accelerator pedal.

Summary

[0004] Systems for, and methods of, remote engine derating and lockdown
are disclosed. An exemplary implementation includes a method of controlling a
vehicle. The method includes receiving an indication of an active operation of the

vehicle, receiving a command, at the vehicle, to derate an engine of the vehicle, and
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identifying a variable voltage provided by a throttle position sensor (TPS) of the
vehicle. The method further includes detecting when the variable voltage reaches a
threshold beyond the normal idle voltage of the vehicle, generating a voltage ramp in
response to the variable voltage reaching the threshold, where the voltage ramp has
a negative slope, and providing the voltage ramp to an engine control module (ECM)

of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings, which are incorporated in and constitute
a part of this specification, illustrate implementations of the present disclosure and
together with the description, serve to explain the implementations.

[0006] Fig. 1 depicts a system according to various implementations.

[0007] Fig. 2 depicts an installation flowchart according to various
implementations.

[0008] Fig. 3 depicts an operation flowchart according to various

implementations.

Detailed Description

[0009] Implementations are directed towards systems for, and methods of,
engine derating and lockdown. Engine derating causes a gradual stop of the vehicle
via a deceleration of the engine. Thus, instead of immediately locking down the
vehicle, which can cause harmful situations, gradual deceleration of the vehicle
provides for a safer disabling of the vehicle’s movement. Further, the module
derates the vehicle, without the engine control module (ECM) of the vehicle

generating a failure code.
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[0010] The derate function blocks the normally variable voltage from the TPS
so that the vehicle can no longer be accelerated. In particular, a microprocessor
monitors the variable voltage of the TPS. This voltage travels from the TPS through
the normally closed input of a switch, and is delivered to the ECM. When the
variable voltage reaches a pre-defined voltage threshold, the switch toggles to the
normally open position, and the microprocessor activates a ramp generator, which
generates a negative voltage ramp, which is in turn interpreted by the ECM as a
deceleration of the vehicle. Thus, the ECM receives the negative voltage ramp
instead of the voltage from the TPS, and does not generate a failure code.

[0011] Reference will now be made in detail to exemplary implementations of
the disclosure, an example of which is illustrated in the accompanying drawings.
Wherever possible, the same reference names and numbers will be used throughout
the drawings to refer to the same or like paris.

[0012] In the following description, reference is made to the accompanying
drawings that form a part thereof, and in which is shown by way of illustration-
specific exemplary implementations. These implementations are described in
sufficient detail to enable those skilled in the art to practice the implementations, and
it is to be understood that other implementations can be used and that changes can
be made without departing from the scope of this disclosure. The following
description is, therefore, merely exemplary.

[0013] Fig. 1 depicts a system according to various implementations. The
vehicle typically includes as standard features ECM 110, TPS 115 and switch 120.
Switch 120 includes a normally open contact, a normally closed contact, an armature
and a coil, which, when activated, transitions the armature from the normally closed

contact to the normally open contact. ECM 110 is communicatively coupled to the
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armature of switch 120. TPS 115 monitors the position of the throttle and sends a
signal to ECM to control engine ignition and timing.

[0014] Though TPS 115 is depicted as a potentiometer in Fig. 1, other types
of TPS are within the scope of the present disclosure. For example, TPS 115 may
be a double potentiometer, a Hall effect TPS, or a closed throttle position sensor.
TPS 115 is coupled to ground and a voltage source, typically +5v DC. The wiper
arm of TPS 115 is operatively coupled to the throttle of the vehicle. The electronic
connection of the wiper arm of TPS 115 is communicatively coupled to the normally
closed contacts of switch 120. Thus, the wiper arm of TPS 115 is normally
electronically connected to ECM 110 and provides a voltage corresponding to
throttle position thereto. The wiper arm of TPS 115 is also communicatively coupled
to microprocessor 125.

[0015] The normally open contact of switch 120 is communicatively coupled to
ramp generator 130. Ramp generator 130 is also communicatively coupled to
microprocessor 125. Microprocessor 125 is communicatively coupled to the coil of
switch 125 such that microprocessor may activate switch 120.

[0016] Ramp generator 130 is configured to provide a decreasing voltage
ramp, that is, a linearly-changing voltage potential with a negative slope. In some
implementations, ramp generator provides a voltage that decreases from a first
predetermined voltage to a second predetermined voltage in a time interval of, by
way of non-limiting example, 1 second, 2 seconds, 5 seconds, 10 seconds, 20
seconds, 30 seconds or 1 minute.

[0017] Microprocessor 125 may be, by way of non-limiting example, a

PIC16F886-1/SP, available from Microchip Technology Inc. of Chandler, Arizona.



WO 2013/049681 PCT/US2012/058071

[0018] The system further includes communication module 105
communicatively coupled to microprocessor 125. Communications module 105 is
capable of communicating over the air with a network management center via one or
more networks. The network can utilize a satellite dish operating with one or more
satellites, a cellular network, or another type of network (e.g. GSM, CDMA, TDMA,
WCDMA, EDGE, OFDM, GPRS, EV-DO, WiFi, Bluetooth, WiMAX, UWB, or PAN).
Communication module 105 may use a modem or other communication device to
communicate with satellites or one or more cellular base stations configured to
facilitate data communication between communications module 105 and the network
management center. An exemplary communications module is a GNX-10, available
from GenX Mobile Incorporated of San Jose, California.

[0019] The network management center may include an interface that can
send and receive data to and from communications module 105. That is, the
network management center can be configured to send and receive data from
communications module 105 via base stations, a satellite dish, satellites, or any
combination thereof. The network management center may also include at least one
workstation configured to allow a human user to interact with communications
module 105. The workstation may be a computer that includes a keyboard and
display, as well as a graphical user interface to facilitate communications with
communications module 105. The network management center may be housed in a
facility remote from the location of the vehicle that includes an implementation of the
system of Fig. 1.

[0020] Any, or a combination, of switch 120, microprocessor 125,

communications module and ramp controller 130 may be coupled to ECM 110 and to
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each-other using the Society of Automotive Engineers J1939 or J1708 standards,
including the physical layers associated with such standards.

[0021] Although switch 120, microprocessor 125 and ramp generator 130 are
depicted as separate components in Fig. 1, two or more of these elements may be
combined into a single module. In some implementations, ramp generator 130 is
implemented in microprocessor 125.

[0022] It should be appreciated to a person having ordinary skill in the art that
features shown in Fig. 1 are not exhaustive, and that other features are envisioned.
[0023] Fig. 2 depicts an installation flowchart according to various
implementations. Typically, one or more technicians may perform the steps depicted
in Fig. 2. The vehicle typically already includes as standard features an ECM and
TPS. Accordingly, at block 205, the technician installs a switch (e.g., switch 120 of
Fig. 1), microprocessor (e.g., microprocessor 125 of Fig. 1) and ramp generator
(e.9., ramp generator 130 of Fig. 1). The technician may also install a
communications module (e.g., communications module 105 of Fig. 1), or that
component may already be present in the vehicle.

[0024] At block 210, the technician measures the normal idle voltage provided
by the vehicle’s TPS. This may be performed using a standard voltmeter. Note that
normal idle voltages may vary among different vehicle makes and models. Indeed,
normal idle voltages may vary among different vehicles of the same make and
model.  Accordingly, the technician measures the normal idle voltage of the
particular vehicle in which an implementation is installed so that the implementation
may be appropriately calibrated.

[0025] At block 215, the technician selects a threshold voltage. As discussed

in detail in reference to Fig. 3, the threshold voltage serves to trigger the vehicle
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derate function of certain implementations discussed herein. Exemplary values for
the threshold voltage selected at block 215 include 0.1v, 0.2v, 0.3v, 0.4v and 0.5v.
The selection of the threshold voltage depends in part on the value of the normal idle
voltage measured at block 210. For example greater normal idle voltage values may
generally be associated with greater threshold voltages.

[0026] At block 220, the technician programs the microprocessor with the
normal idle voltage determined at block 210 and the threshold voltage selected at
block 215. More particularly, the technician interfaces with the microprocessor using
standard programming tools and techniques, which may include a workstation or
laptop computer. The technician may program the microprocessor by burning
instructions or values into the microcontroller's firmware. The voltage values
programmed at block 220 may be stored as binary values in such firmware.

[0027] It should be appreciated to a person having ordinary skill in the art that
features shown in Fig. 2 are not exhaustive, and that other features are envisioned.
[0028] Fig. 3 depicts an operation flowchart according to various
implementations. The operation depicted in reference to Fig. 3 may be performed
using, by way of non-limiting example, the system discussed above in reference to
Fig. 1. At block 305, the process receives an indication of active vehicle operation.
Here, “active” means that the engine is running. The indication may be received by,
for example, communications module 105, ECM 110 or the network management
center, as those features are discussed above in reference to Fig. 1. At block 310, a
command to derate the vehicle’s engine is received. Here, “derate” means that the
engine is transitioned to a state of idle. The command may be sent by, for example,

the network management center discussed above in reference to Fig. 1. The
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command may be received by, for example, communications module 105 of Fig. 1.
The command may be transmitted using, for example, a TCP/IP protocol.

[0029] At block 315, the voltage potential provided by the vehicle’s TPS is
detected as exceeding a threshold. The threshold may be that as discussed above
in reference to Fig. 2. The threshold may be exceeded by, for example, a vehicle’s
operator activating the vehicle’s accelerator pedal. Depressing the vehicle’s
accelerator pedal, in turn, causes the TPS to increase a delivered voltage. In the
system discussed above in reference to Fig. 1, the voltage is received by
microprocessor 125, which detects that the delivered voltage exceeds the predefined
threshold.

[0030] At block 320, in response to the detected voltage exceeding a
threshold, a switch (e.g., switch 120 of Fig. 1) is triggered. In reference to switch 120
of Fig. 1, this encompasses microprocessor 125 sending a current to the coil of
switch 120, which transitions the switch’s armature from the normally closed contact
to the normally open contact. This transition causes ECM 110 to be disconnected
from the signal from TPS 115 and instead connected to the output of ramp generator
130.

[0031] At block 325, in response to the detected voltage exceeding a
threshold, a ramp generator (e.g., ramp generator 130 of Fig. 1) generates a voltage
ramp with a negative linear slope. As discussed above in reference to Fig. 2, the
voltage ramp may be over a period of 1 second, 2 seconds, 5 seconds, 10 seconds,
20 seconds, 30 seconds, or one minute. The voltage ramp may begin at a voltage
that is the sum of a predetermined threshold plus a normal idle voltage, and end at
the normal idle voltage. Thus, the voltage function may be, by way of non-limiting

example:
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v(t) =t(_TT)+N+T.
[0032] In the above equation, v(i) is the voltage produced by the ramp
generator at time f, N is the normal idle voltage for the vehicle, T is the voltage
threshold, and /is the interval of time over which the ramp decreases from the sum
of the normal idle voltage and the threshold T to the normal idle voltage N. Note that
in the above equation, v(0)=N+T and v(/)=N.
[0033] The ramp generator’s output affects the ECM of the vehicle, causes the
vehicle’s engine to achieve an idle state. This causes the vehicle to retain its power
steering and brakes, without being able to significantly move.
[0034] Another feature of certain implementations is the ability to lock down a
vehicle’s engine. This is achieved by receiving a lockdown command at, for
example, communications module 110 of Fig. 1. The lockdown command may be
sent from the network management center discussed above in reference to Fig. 1.
The command is processed by, e.g., microprocessor 125 of Fig. 1. An assessment
is made (e.g., by microprocessor 125 of Fig. 1) as to whether the vehicle is active,
where “active” means that the engine is running. If the assessment is that the
vehicle is inactive, the TPS is disengaged from the ECM (e.g., by switch 120 of Fig.
1). This disengagement may be affected by, for example, microprocessor 125
activating the coil of switch 120. Consequently, attempts to start the vehicle will
prove fruitless, as the ECM will not receive any signal from the TPS.
[0035] It should be appreciated to a person having ordinary skill in the art that
features shown in Fig. 3 are not exhaustive, and that other features are envisioned.
[0036] The foregoing description is illustrative, and variations in configuration
and implementation may occur to persons skilled in the art. For instance, the various

illustrative logics, logical blocks, modules, and circuits described in connection with
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the implementations disclosed herein may be implemented or performed with a
general purpose processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but, in the
alternative, the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configuration.

[0037] The processing of a method or algorithm described in connection with
the implementations disclosed herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, a hard disk, a removable disk, a CD-ROM, or
any other form of storage medium known in the art. An exemplary storage medium
is coupled to the processor, such that the processor can read information from, and
write information to, the storage medium. In the alternative, the storage medium
may be integral to the processor. The processor and the storage medium may
reside in an ASIC.

[0038] While the present teachings have been illustrated with respect to one
or more implementations, alterations and/or modifications can be made to the
illustrated examples without departing from the spirit and scope of the appended

claims. In addition, while a particular feature of the present teachings may have
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been disclosed with respect to only one of several implementations, such feature
may be combined with one or more other features of the other implementations as
may be desired and advantageous for any given or particular function. Furthermore,
to the extent that the terms “including”, “includes”, “having”, “has”, “with”, or variants
thereof are used in either the detailed description and the claims, such terms are
intended to be inclusive in a manner similar to the term “comprising.” As used
herein, the term “one or more of” with respect to a listing of items such as, for
example, A and B, means A alone, B alone, or A and B. The term “at least one of” is
used to mean one or more of the listed items can be selected.

Other embodiments of the present teachings will be apparent to those skilled in the
art from consideration of the specification and practice of the present teachings
disclosed herein. It is intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the present teachings being indicated

by the following claims.
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WHAT IS CLAIMED 1S:

1. A method of controlling a vehicle, the method comprising:

receiving an indication of an active operation of the vehicle;

receiving a command, at the vehicle, to derate an engine of the vehicle;

identifying a variable voltage provided by a throttle position sensor (TPS);

detecting when the variable voltage reaches a threshold above a normal idle
voltage for the vehicle;

generating a voltage ramp in response to the variable voltage reaching the
threshold, wherein the voltage ramp has a negative slope; and

providing the voltage ramp to an engine control module (ECM) of the vehicle.

2. The method of claim 1, further comprising, prior to the receiving an
indication:

measuring a voltage generated by the TPS when the vehicle is at idle; and

programming a microprocessor with a value for the measured voltage and a

value for the threshold.

3. The method of claim 1, wherein the threshold is between 0.1 volt and
0.5 volts.
4, The method of claim 1, wherein the variable voltage is delivered to the

ECM via a switch in a normally closed position.
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5. The method of claim 1, further comprising toggling a switch from a
normally closed position to an open position, whereby the vehicle’s ECM is

disconnected from the vehicle’s TPS.

6. The method of claim 1, wherein the command is sent over the air using
a protocol selected from the group consisting of: GSM, CDMA, TDMA, WCDMA,

EDGE, OFDM, GPRS, EV-DO, WiFi, Bluetooth, WiMAX, UWB, PAN.

7. The method of claim 1, wherein the voltage ramp begins at the voltage
generated by the TPS when the vehicle is at idle plus the threshold, and wherein the

voltage ramp ends at the voltage provided by the TPS when the vehicle is at idle.

8. The method of claim 1, wherein a duration of the voltage the ramp is

between one second and one minute.

9. The method of claim 1, wherein the ECM does not generate an error in

response to the controlling the vehicle.

10.  The method of claim 1, further comprising receiving a command, at the

vehicle, to lock down the engine of the vehicle.

11.  The method of claim 10, further comprising disabling the engine of the
vehicle disconnecting the TPS from the ECM, in response to the receiving a

command and receiving an indication of an inactive operation of the vehicle.
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12. A system for controlling a vehicle, the system comprising:

a ramp generator configured to provide a voltage ramp, wherein the voltage
ramp has a negative slope;

a switch comprising a normally open contact, a normally closed contact, an
armature, and an activation coil, wherein the armature is communicatively coupled to
an electronic control module (ECM), the normally open contact is communicatively
coupled to the ramp generator, and the normally closed contact is communicatively
coupled to a throttle position sensor (TPS); and

a microprocessor communicatively coupled to the ramp generator, to the
activation coil, and to an interface configured to receive a command, over the air, to
derate an engine of the vehicle, wherein the microprocessor is configured to activate
the activation coil and activate the ramp generator in response to receiving a
command to derate the engine and detecting a normal idle voltage plus a threshold

voltage from the TPS.

13.  The system of claim 12, wherein the microprocessor is programmed to
store a value of a voltage generated by the TPS when the vehicle is at idle and a

value for the threshold voltage.

14.  The system of claim 12, wherein the threshold voltage is between 0.1

volt and 0.5 volts.

15.  The system of claim 12, wherein the command is sent over the air
using a protocol selected from the group consisting of: GSM, CDMA, TDMA,

WCDMA, EDGE, OFDM, GPRS, EV-DO, WiFi, Bluetooth, WiMAX, UWB, PAN.
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16.  The system of claim 12, wherein the ramp generator is configured to
provide a voltage ramp that begins at a voltage provided by the TPS when the
vehicle is at idle plus the threshold, and wherein the voltage ramp ends at the

voltage provided by the TPS when the vehicle is at idle.

17.  The system of claim 12, wherein the ramp generator is configured to

provide a voltage ramp with a duration of between five seconds and two minutes.

18.  The system of claim 12, wherein the interface is further configured to

receive a command, over the air, to lock down an engine of the vehicle.

19.  The system of claim 18, wherein the microprocessor is further
configured to cause the ramp generator to withhold a signal in response to the
command to lock down the engine of the vehicle in response to receiving the
command to lock down the engine of the vehicle and receiving an indication of an

inactive operation of the vehicle.
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