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TRACKER

(567)  An asset tracker deployed in an engineless ve-
hicle and a telematics device coupled to a vehicle both
send location updates to a telematics server. The asset
tracker sends location updates at a faster rate upon leav-
ing a shipping yard, for example. The telematics server
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associates the vehicle and engineless vehicles, deter-
mines whether they are travelling together, and sends a
notification when they are not supposed to be travelling
together.
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Description
FIELD
[0001] The present disclosure generally relates to ve-

hicle telematics, and more specifically to systems and
methods for associating a telematics device with an asset
tracker.

BACKGROUND

[0002] A telematics system may gather asset data us-
ing a telematics device. The telematics device may be
integrated into or located onboard the asset. The asset
may be a vehicle ("vehicular asset") or some stationary
equipment. The telematics device may collect the asset
data from the asset through a data connection with the
asset. In the case of a vehicular asset, the telematics
device may gather the asset data through an onboard
diagnostic port (OBD). The gathered asset data may in-
clude engine revolutions-per-minute (RPM), battery volt-
age, fuel level, tire pressure, oil temperature, or any other
asset data available through the diagnostic port. Addi-
tionally, the telematics device may gather sensor data
pertaining to the asset via sensors on the telematics de-
vice. For example, the telematics device may have tem-
perature and pressure sensors, inertial measurement
units (IMU), optical sensors, and the like. Furthermore,
the telematics device may gather location data pertaining
to the asset from a location module on the telematics
device. When the telematics device is coupled to the as-
set, the gathered sensor data and location data pertain
to the asset. The gathered asset data, sensor data and
location data may be received and recorded by a tech-
nical infrastructure of the telematics system, such as a
telematics server, and used in the provision of fleet man-
agement tools, for telematics services, or for further data
analysis.

SUMMARY

[0003] In one aspect of the present disclosure, there
is provided a method in an asset tracker deployed in an
engineless vehicle. The method comprises operating the
asset tracker in a tripwire detection mode, determining
that the asset tracker has crossed a tripwire, and oper-
ating the asset tracker in a location reporting mode in
response to determining that the asset tracker has
crossed the tripwire. Advantageously, the asset tracker
does not operate in location reporting mode unnecessar-
ily until it has crossed the tripwire. The tripwire detection
mode consumes less power than the location reporting
mode. Consequently, by operating in tripwire detection
mode the power source of the assettrackeris notdrained.
The location reporting mode is enabled only when it is
necessary as the asset tracker crosses the tripwire.

[0004] Operating the asset tracker in the tripwire de-
tection mode may comprise frequently determining an
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asset trackerlocation of the asset tracker, and comparing
the asset tracker location with the tripwire. Frequently
determining the assettracker location allows determining
whether a trailer associated with the asset tracker is mov-
ing with the wrong tractor.

[0005] Operating the asset tracker in the tripwire de-
tection mode may be, in response to detecting a travel
motion of the asset tracker. Advantageously, the tripwire
detection mode is only enabled when the asset tracker
is in motion. When the asset tracker is stationary, the
tripwire detection mode is not enabled thus the asset
tracker consumes less power and the power source
thereof has a long lifetime.

[0006] Detecting the travel motion of the asset tracker
may comprise detecting a plurality of acceleration values
from a 3-axis accelerometer thereof.

[0007] Determining that the asset tracker has crossed
the tripwire may comprise comparing the asset tracker
location to a line extending between a first point and a
second point forming the tripwire.

[0008] The method may further comprise comprising
receiving a zone definition comprised of a plurality of trip-
wires.

[0009] The method may further comprise storing the
zone definition.
[0010] Operating the asset tracker in a location report-

ing mode may comprise frequently sending a plurality of
asset tracker locations to a telematics server.

[0011] In another aspect of the present disclosure,
there is provided an assettracker. The asset tracker com-
prises a controller, alocation module, and a memory cou-
pled to the controller. The memory is storing machine-
executable instructions which when executed by the con-
troller configure the asset tracker to operate in a tripwire
detection mode, determine that the asset tracker has
crossed a tripwire, and operate in a location reporting
mode in response to determining that the asset tracker
has crossed the tripwire.

[0012] The machine-executable instruction which con-
figure the asset tracker to operate in a tripwire detection
mode may comprise machine-executable instructions
which cause the asset tracker to frequently determine an
asset tracker location of the asset tracker, and compare
the asset tracker location with the tripwire.

[0013] The machine-executable instructions which
configure the asset tracker to operate in the tripwire de-
tection mode may comprise machine the machine-exe-
cutable instructions which configure the asset tracker to
operate in the tripwire detection mode in response to de-
tecting a travel motion of the asset tracker.

[0014] Detecting the travel motion of the asset tracker
may comprise executing machine-executable instruc-
tions which detect a plurality of acceleration values from
a 3-axis accelerometer of the asset tracker.

[0015] The machine-executable instructions may fur-
ther configure the asset tracker to receive a zone defini-
tion comprised of a plurality of tripwires.

[0016] The machine-executable instructions which
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configure the asset tracker to operate in in a location
reporting mode may comprise machine-executable in-
structions which configure the asset tracker to frequently
send a plurality of asset tracker locations to a telematics
server.

[0017] In yet another aspect of the present disclosure,
there is provided a method in a telematics system includ-
ing a telematics server, a telematics device coupled to a
tractor, and an asset tracker coupled to a trailer. The
method comprises the telematics server sending a zone
definition comprising a plurality of tripwires to the asset
tracker, the asset tracker determining that it has crossed
a tripwire, in response to determining that it has crossed
the tripwire the asset tracker sending a first plurality of
locations thereof to the telematics server, the telematics
device sending a second plurality of locations thereof to
the telematics server, and the telematics server deter-
mining that the tractor and the trailer are traveling togeth-
er based on the first plurality of locations and the second
plurality of locations.

[0018] The method may further comprise the telemat-
ics server receiving the zone definition from an adminis-
tration terminal.

[0019] The method may further comprise the telemat-
ics server determining whether the tractor and the trailer
should be traveling together.

[0020] Determining whether the tractor and the trailer
should be traveling together may comprise querying a
telematics database based on a telematics device iden-
tifier of the telematics device and an asset tracker iden-
tifier of the asset tracker.

[0021] The method may further comprise sending by
the telematics server a notification to the telematics de-
vice in response to determining that the tractor and the
trailer should not be travelling together.

[0022] The method may further comprise sending by
the telematics server, a notification to an operator termi-
nal in response to determining that the tractor and the
trailer should not be travelling together.

[0023] Inyetafurther aspect of the present disclosure,
thereis provided a telematics systemincluding a telemat-
ics server, a telematics device couplable to a tractor, and
an asset tracker couplable to a trailer. The telematics
system is characterized in that the asset tracker sends
a zone definition comprising a plurality of tripwires to the
asset tracker, the asset tracker operates in a tripwire de-
tection mode, and the asset tracker determines that it
has crossed a tripwire. In response to determining that
it has crossed the tripwire, the asset tracker operates in
a location reporting mode and sends a first plurality of
locations thereof to the telematics server. The telematics
device sends a second plurality of locations thereof to
the telematics server. The telematics server determines
thatthe tractor and the trailer are traveling together based
on the first plurality of locations and the second plurality
of locations.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Exemplary non-limiting embodiments of the
present invention are described with reference to the ac-
companying drawings in which:

Figure 1 is a schematic diagram of a telematics sys-
tem including a plurality of telematics devices cou-
pled to a plurality of assets, in accordance with em-
bodiments of the present disclosure;

Figure 2 is a block diagram showing a telematics
device coupled to an asset, in accordance with em-
bodiments of the present disclosure;

Figure 3 is a block diagram showing a telematics
device coupled to an asset and to an input/output
(I/O) expander, in accordance with embodiments of
the present disclosure;

Figure 4 is a block diagram showing an asset having
a telematics device integrated therein and 1/O ex-
pander coupled thereto, in accordance with embod-
iments of the present disclosure;

Figure 5is ablock diagram showing an asset tracker,
in accordance with embodiments of the present dis-
closure;

Figure 6 a schematic diagram of a telematics system
including a telematics device coupled to a truck, and
an asset tracker coupled to a trailer, in accordance
with embodiments of the present disclosure;

Figure 7 is a schematic diagram depicting a transport
truck arriving at a shipping yard in which a plurality
of trailers are parked;

Figure 8 is a schematic diagram depicting a transport
truck leaving the shipping yard of Figure 7 after hav-
ing connected the wrong trailer thereto;

Figure 9 is a schematic diagram of the shipping yard
and transport truck of Figure 8, wherein a geographic
zone has been created around the shipping yard, in
accordance with embodiments of the present disclo-
sure;

Figure 10A is state diagram illustrating operating
modes of the assettracker of Figure 5, inaccordance
with embodiments of the present disclosure;

Figure 10B is a state diagram illustrating operating
modes of the assettracker of Figure 5, inaccordance
with other embodiments of the present disclosure;

Figure 11A is a message sequence diagram illus-
trating a method for triggering location reporting
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mode in an asset tracker, in accordance with em-
bodiments of the present disclosure; and

Figure 11B is a message sequence diagram illus-
trating a method for determining whether a telemat-
ics device and an asset tracker are travelling togeth-
er, in accordance with embodiments of the present
disclosure.

DETAILED DESCRIPTION
Telematics System

[0025] Alarge telematics system may collect data from
a high number of assets, either directly or through
telematic devices. A telematics device may refer to a self-
contained device installed at an asset, or a telematics
device that is integrated into the asset itself. In either
case, itmay be said that telematics data is being captured
or gathered by the telematics device. Figure 1 shows a
high-level block diagram of a telematics system 101. The
telematics system 101 includes a telematics server 130,
(N) telematics devices shown as telematics device
200_1, telematics device 200_2...through telematics de-
vice 200_N ("telematics device 200"), a network 50, ad-
ministration terminal 140, and operator terminals 150 1,
150_2...through 150_N ("the operator terminals 150").
Figure 1 also shows a plurality of (N) assets named as
asset 100_1, asset 100_2... asset 100_N ("asset 100")
coupled to the telematics device 200_1, telematics de-
vice 200_2...telematics device 200_N, respectively. Ad-
ditionally, Figure 1 shows a plurality of satellites 170_1,
170_2 and 170_3 ("the satellites 170") in communication
with the telematics devices 200 for facilitating navigation.
[0026] 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). Other types of vehicles, which are not shown, are
also contemplated in the various embodiments of the
present disclosure, including but not limited to, farming
vehicles, construction vehicles, military vehicles, and the
like.

[0027] The telematics devices 200 are electronic de-
vices which are coupled to assets 100 and configured to
capture asset data from the assets 100. For example, in
Figure 1 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 2.

[0028] 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 may provide connectivity between the telematics
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devices 200 and the telematics server 130, between the
administration terminal 140 and the telematics server
130, and between the operator terminals 150 and the
telematics server 130.

[0029] The telematics server 130 is an electronic de-
vice executing machine-executable programming in-
structions which enable the telematics server 130 to store
and analyze telematics data. The telematics server 130
may be a single computer system or a cluster of comput-
ers. The telematics server 130 may be running an oper-
ating system such as Linux, Windows, Unix, or any other
equivalent operating system. Alternatively, the telemat-
ics server 130 may be a software component hosted on
a cloud service, such as Amazon Web Service (AWS).
The telematics server 130 is connected to the network
50 and may receive telematics data from the telematics
devices 200. The telematics server 130 may have a plu-
rality of software modules for performing data analysis
and analytics on the telematics data to obtain useful asset
information about the assets 100. The telematics server
130 may be coupled to a telematics database 132 for
storing telematics data and/or the results of the analytics
which are related to the assets 100. The assetinformation
stored may include operator information about the oper-
ators 10 corresponding to the assets. The telematics
server 130 may communicate the asset data and/or the
operator information pertaining to an asset 100 to one or
more of: the administration terminal 140, and the operator
terminal 150.

[0030] The satellites 170 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 provide location data indi-
cating the location of the telematics device 200 (and
hence the location of the asset 100 coupled thereto).
[0031] The administration terminal 140 is an electronic
device, which may be used to connect to the telematics
server 130 to retrieve data and analytics related to one
or more assets 100 or to issue commands to one or more
telematics device 200 via the telematics server 130. The
administration terminal 140 is shown as a laptop compu-
ter, but may also be a desktop computer, a tablet (not
shown), or a smartphone. The administration terminal
140 may run aweb browser or a custom application which
allows retrieving data and analytics, pertaining to one or
more assets 100, from the telematics server 130 via a
web interface of the telematics server 130. The admin-
istration terminal 140 may also be used to issue com-
mands to one or more telematics device 200 via the
telematics server 130. A fleet manager 20 may commu-
nicate with the telematics server 130 using the adminis-
tration terminal 140. In addition to retrieving data and
analytics, the administration terminal 140 allows the fleet
manager 20 to set alerts and geofences for keeping track
of the assets 100, receiving notifications of deliveries,
and so on.

[0032] The operator terminals 150 are electronic de-
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vices, such as smartphones or tablets. The operator ter-
minals 150 are used by operators 10 (for example, vehi-
cle drivers) of the assets 100 to both track and configure
the usage of the assets 100. For example, as shown in
Figure 1, the operator 10_1 has the operator terminal
150_1, the operator 10 _2 has the operator terminal
150_2, and the operator 10_N has the operator terminal
150_N. Assuming the operators 10 all belong to a fleet
of vehicles, each of the operators 10 may operate any of
the assets 100. For example, Figure 1 shows that the
operator 10_1 is associated with the asset 100_1, the
operator 10_2 is associated with the asset 100_2, and
the operator 10_N is associated with the asset 100_N.
However, any operator 10 may operate any asset 100
within a particular group of assets, such as a fleet. The
operator terminals 150 are in communication with the
telematics server 130 over the network 50. The operator
terminals 150 may run at least one asset configuration
application. The asset configuration application may be
used by an operator 10 to inform the telematics server
130 that the asset 100 is being currently operated by the
operator 10. For example, the operator 10_2 may use an
asset configuration application on the operator terminal
150_2toindicate that the operator 10_2is currently using
the asset 100 _2. The telematics server 130 updates the
telematics database 132 to indicate that the asset 100_2
is currently associated with the operator 10_2. Addition-
ally, the asset configuration application may be used to
report information related to the operation duration of the
vehicle, the number of stops made by the operator during
their working shift, and so on. Furthermore, the asset
configuration application may allow the operator to con-
figure the telematics device 200 coupled to the asset 100
that the operator 10 is operating.

[0033] Inoperation, atelematics device 200 is coupled
to an asset 100 to capture asset data. The asset data
may be combined with location data obtained by the
telematics device 200 from a location module in commu-
nication with the satellites 170 and/or sensor data gath-
ered from sensors in the telematics device 200 or another
device coupled to the telematics device 200. The com-
bined asset data, location data, and sensor data may be
termed "telematics data." The telematics device 200
sends the telematics data, to the telematics server 130
over the network 50. The telematics server 130 may proc-
ess, aggregate, and analyze the telematics data to gen-
erate asset information pertaining to the assets 100 or
to a fleet of assets. The telematics server 130 may store
the telematics data and/or the generated asset informa-
tion in the telematics database 132. The administration
terminal 140 may connect to the telematics server 130,
over the network 50, to access the generated asset in-
formation. Alternatively, the telematics server 130 may
push the generated asset information to the administra-
tion terminal 140. Additionally, the operators 10, using
their operator terminals 150, may indicate to the telemat-
ics server 130 which assets 100 they are associated with.
The telematics server 130 updates the telematics data-
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base 132 accordingly to associate the operator 10 with
the asset 100. Furthermore, the telematics server 130
may provide additional analytics related to the operators
10 including work time, location, and operating parame-
ters. For example, for vehicle assets, the telematics data
may include turning, speeding, and braking information.
The telematics server 130 can correlate the telematics
data to the vehicle’s driver by querying the asset data-
base 310. A fleet manager 20 may use the administration
terminal 140 to set alerts for certain activities pertaining
to the assets 100. When criteria for an alert is met, the
telematics server 130 sends a message to the adminis-
tration terminal 140 to notify a fleet manager 20, and may
optionally send alerts to the operator terminal 150 to no-
tify an operator 10 of the alert. For example, a vehicle
driver operating the vehicle outside of a service area or
hours of service may receive an alert on their operator
terminal 150. A fleet manager 20 may also the adminis-
tration terminal 140 to configure a telematics device 200
by issuing commands thereto via the telematics server
130. Alerts may also be sent to the telematics device 200
to generate an alert to the driver such as a beep, a dis-
played message, or an audio message.

Telematics Device

[0034] Further details relating to the telematics device
200 and how it interfaces with an asset 100 are shown
with reference to Figure 2. Figure 2 depicts an asset 100
and a telematics device 200 coupled thereto. Selected
relevant components of each of the asset 100 and the
telematics device 200 are shown.

[0035] The asset 100 may have a plurality of electronic
control units (ECUs). An ECU is an electronic module
which interfaces with one or more sensors for gathering
information from the asset 100. For example, an engine
coolant temperature (ECT) ECU may contain a temper-
ature sensor and a controller for converting the measured
temperature into digital data representative of the oil tem-
perature. Similarly, a battery voltage ECU may contain
avoltage sensor for measuring the voltage at the positive
battery terminal and a controller for converting the meas-
ured voltage into digital data representative of the battery
voltage. A vehicle may, for example, have around sev-
enty 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 ECUs shown as
the ECU 110A, the ECU 110B, and the ECU 110C ("the
ECUs 110"). The ECU 110A, the ECU 110B, and the
ECU 110C are shown to be interconnected via an asset
communications bus. One example of an asset commu-
nications bus is a Controller Area Network (CAN) bus.
For example, in Figure 2 the ECUs 110 are interconnect-
ed using the CAN bus 104. The ECUs 110 send and
receive information to one another in CAN data frames
by placing the information on the CAN bus 104. When
an ECU 110 places information on the CAN bus 104,
other ECUs 110 receive the information and may or may
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not consume or use that information. Different protocols
may be 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 Engineer-
ing (SAE) J1939 protocol to exchange information over
a CAN bus 104. Most passenger vehicles use the SAE
J1979 protocol, which is commonly known as On-Board
Diagnostic (OBD) protocol to exchange information be-
tween ECUs 110 on their CAN bus 104. In industrial au-
tomation, ECUs use a CANOpen protocol to exchange
information over a CAN bus 104. An asset 100 may allow
access to information exchanged over the CAN bus 104
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 inter-
face port 102 is termed the asset data 112. In some em-
bodiments, the interface port 102 includes a power inter-
face for providing electric power to a telematics device
200 connected thereto.

[0036] 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 200 may also contain some optional components,
shown in dashed lines in Figure 2. For example, the
telematics device 200 may contain one or more of: anear-
field communications (NFC) module such as NFC mod-
ule 260, a short-range wireless communications module
270,and awired communications module such as a serial
communications module 280. 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, via the interface port 102. The telematics
device 200 shown is an example. Some of the compo-
nents shown in solid lines may also be optional and may
be implemented in separate modules. For example,
some telematics devices (not shown) may not have a
location module 206 and may rely on an external location
module for obtaining the location data 207. Some
telematics devices may not have any sensors 204 and
may rely on external sensors for obtaining sensor data
205.

[0037] 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. The controller 230 may have an internal memory
for storing machine-executable programming instruc-
tions to conduct the methods described herein.

[0038] The memory 240 may include read-only-mem-
ory (ROM), random access memory (RAM), flash mem-
ory, magnetic storage, optical storage, and similar, or
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any combination thereof, for storing machine-executable
programming instructions and data to support the func-
tionality described herein. The memory 240 is coupled
to the controller 230 thus enabling the controller 230 to
execute the machine-executable programming instruc-
tions stored in the memory 240 and to access the data
stored therein. The memory 240 may contain machine-
executable programming instructions, which when exe-
cuted by the controller 230, configures the telematics de-
vice 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. Additionally, the memory 240 may further con-
tain instructions which, when executed by the controller
230, configures the telematics device 200 to transmit the
telematics data 212 via the network interface 220 to a
telematics server 130 over a network 50. In some em-
bodiments, the memory 240 only stores data, and the
machine-executable programming instructions for con-
ducting the aforementioned tasks are stored inaninternal
memory of the controller 230.

[0039] 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 location module 206 is coupled to the controller
230 and provides location data 207 thereto. The location
data 207 may be in the form of a latitude and longitude,
for example.

[0040] The sensors 204 may be one or more of: a tem-
perature sensor, a pressure sensor, an optical sensor, a
motion sensor such as an accelerometer, a gyroscope,
or any other suitable sensor indicating a condition per-
taining to the asset 100 to which the telematics device
200 is coupled. The sensors provide sensor data 205 to
the controller 230 via the sensor interface 208.

[0041] The interface layer 210 may include a sensor
interface 208 and an asset interface 202. The sensor
interface 208 is configured for receiving the sensor data
205 from the sensors 204. For example, the sensor in-
terface 208 interfaces with the sensors 204 and receives
the sensor data 205 therefrom. The asset interface 202
receives asset data 112 from the asset 100. In the de-
picted embodiment, the asset interface 202 is coupled
to the interface port 102 of the asset 100. 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
data frames. The 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 travelling, a state of the vehicle (off,
idle, or running), or an engine operating condition (e.g.,
engine oil temperature, engine revolutions-per-minutes
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(RPM), or a battery voltage). In addition to receiving the
assetdata 112, in some embodiments the asset interface
202 may also receive power from the asset 100 via the
interface port 102. The interface layer 210 is coupled to
the controller 230 and provides both the asset data 112
and the sensor data 205 to the controller 230.

[0042] 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
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 for configuring the telematics device 200 in a certain
mode and/or requesting a particular type of the asset
data 112 from the asset 100.

[0043] The NFC module 260 may be an NFC reader
which can read information stored on an NFC tag. The
NFC module 260 may be used to confirm the identity of
the operator 10 by having the operator 10 tap an NFC
tag onto the telematics device 200 such that the NFC tag
is read by the NFC module 260. The information read
from the NFC tag may be included in the telematics data
212 sent by the telematics device 200 to the telematics
server 130.

[0044] The short-range wireless communications
module 270 is a component intended for providing short-
range wireless communication capability to the telemat-
ics device 200. The short-range wireless communica-
tions module 270 may be a Bluetooth™, wireless fidelity
(Wi-Fi), Zigbee™, or any other short-range wireless com-
munications module. The short-range wireless commu-
nications module 270 allows other devices to communi-
cate with the telematics device 200 over a short-range
wireless network.

[0045] The serial communications module 280 is an
example of a wired communications module. The serial
communications module 280 is an electronic peripheral
for providing serial wired communications to the telemat-
ics device 200. For example, the serial communications
module 280 may include a universal asynchronous re-
ceiver transmitter (UART) providing serial communica-
tions per the RS-232 protocol. Alternatively, the serial
communications module 280 may be a serial peripheral
interface (SPI1) bus, or aninter-integrated circuit (12C) bus.
As another example, the serial communications module
280 may be a universal serial bus (USB) transceiver.
[0046] In operation, an ECU 110, such as the ECU
110A, the ECU 110B, or the ECU 110C communicates
asset data over the CAN bus 104. The asset data ex-
changed, between the ECUs 110, over the CAN bus 104
are accessible via the interface port 102 and may be re-
trieved as the asset data 112 by the telematics device
200. The controller 230 of the telematics device 200 re-
ceives the asset data 112 via the asset interface 202.
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The controller 230 may also receive sensor data 205 from
the sensors 204 over the sensor interface 208. Further-
more, the controller 230 may receive location data 207
from the location module 206. The controller 230 com-
bines the asset data 112 with the sensor data 205 and
the location data 207 to obtain the 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. Optionally, an operator 10 may
tap an NFC tag to the NFC module 260 to identify them-
self as the operator 10 of the asset 100. Additionally, an
external peripheral, such as a GPS receiver, may con-
nect with the telematics device 200 via the short-range
wireless communications module 270 or the serial com-
munications module 280 for providing location informa-
tion thereto. In some embodiments, the telematics device
200 may receive, via the network interface 220, com-
mands from the telematics server 130. The received
commands instruct the telematics device 200 to be con-
figured in a particular way. For example, the received
commands may configure the way in which the telematics
device gathers asset data 112 from the asset 100 as will
be described in further detail below.

[0047] The telematics data 212 which is comprised of
asset data 112 gathered from the asset 100 combined
with the sensor data 205 and the location data 207 may
be used to derive useful data and analytics, by the
telematics server 130. However, there are times when
additional data, which is not provided by the asset 100,
the sensors 204 or the location module 206 may be need-
ed. The telematics device 200 may have a limited number
of sensors 204 such as accelerometers or gyroscopes
providing limited information about the motion of the as-
set 100 on which the telematics device 200 is deployed.
The location module 206 may provide location and direc-
tion information. However, in some cases, more informa-
tion may be needed to derive useful data and analytics
pertaining to the asset 100. One example of information
thatis not typically provided by the telematics device 200
is video capture data. Another example of information
thatis not typically provided by the telematics device 200
is any proprietary signaling provided by devices which
does not follow any of the standard protocols (OBD-II,
J1939 or CANOpen). Some equipment may not have a
CAN bus and may provide proprietary digital and/or an-
alog signals. Examples of such devices include industrial
equipment, winter maintenance equipment such as salt
spreaders, farming equipment, and the like. Additionally,
the telematics device 200 may not have an NFC module
260 or a short-range wireless communications module
270 thus limiting its connectivity capabilities.

[0048] The telematics device 200 may have different
operating modes depending on the operating status of
the vehicle. For example, if the engine of the vehicle is
running and the vehicle battery is being charged by an
alternator, the telematics device 200 may be in a fully
powered mode. Detecting that the vehicle is running, and
that the alternator is charging the battery may be deter-
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mined by receiving an ignition signal, determining that
the engine RPM is above a certain threshold, and deter-
mining that the device voltage is greater than a particular
threshold. For example, when the ignition is on, the en-
gine RPM is greater than five hundred revolutions per
minute, and the device voltage is 13.5V (for a 12V bat-
tery), then the telematics device 200 determines that the
vehicle battery is capable of providing electric power
thereto and accordingly can run in fully powered mode.
Alternatively, when the telematics device determines that
the vehicle battery is notbeing charged, then the telemat-
ics device may run a power-saving scheme in order not
to drain the vehicle battery. In a power-saving scheme,
the telematics device may power off some or all of com-
ponents thereof for periods of time to save battery power.
For example, the telematics device may enter a sleep
mode and wake up every 30 minutes to report the location
data 207 to the telematics server 130 over the network
interface 220. This entails powering up the network in-
terface 220, the location module 206, the controller 230
for obtaining the location data 207 and sending the loca-
tion data 207 as part of the telematics data 212 over the
network 50 to the telematics server 130. In some cases,
the telematics device 200 that has been in the same lo-
cation for an extended period of time may enter into an
extended power-saving scheme in which the telematics
device may be in the sleep mode for several hours and
wake up to verify that the location has not changed once
every several hours. In some cases, the telematics de-
vice 200 exits the extended power-saving scheme when
detecting motion as determined by the sensors 204 such
as accelerometers.

Input/Output Expander

[0049] To capture and provide information or services
not provided by the asset 100 or the telematics device,
to produce an output, or to perform an action not sup-
ported by the telematics device, the telematics device
200 may be modified to allow an input/output expander
device ("I/O expander") to connect thereto, as shown in
Figure 3. Figure 3 shows a telematics device 200’ cou-
pled to an asset 100. An I/O expander 300 is coupled to
the telematics device 200'.

[0050] The asset 100 is similar to the asset 100 of Fig-
ure 2 and therefore the internal components thereof are
not shown in Figure 3 for simplicity.

[0051] The telematics device 200’ has a somewhat
similar configuration as the telematics device 200 of Fig-
ure 2, but some of the optional components have been
removed. Furthermore, the telematics device 200’ adds
an |/0O expander interface 250 for interfacing with the 1/0
expander 300. The I/O expander interface 250 is coupled
to the controller 230 and may be configured for exchang-
ing 1/0 expander data 312 with the 1/O expander 300.
[0052] The I/O expander 300 of Figure 3 is an example
1/0 expander which is designed to provide additional con-
nectivity options to a telematics device 200, which has
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more limited features than the one shown in Figure 2.
For example, the telematics device 200’ shown in Figure
3 does not have an NFC module, a short-range wireless
communications module, or a serial communications
module. Instead, the telematics device 200’ has an I/O
expander interface 250.

[0053] The I/O expander 300 may be an input device
configured to capture additional data such as video
frames, audio frames, or proprietary signals and provide
that data to the telematics device 200’. Alternatively, or
additionally, the 1/0 expander 300 may be configured as
an output device and may include a display for displaying
information and/or an audio output device for broadcast-
ing messages pertaining to the asset 100.

[0054] An I/O expander 300, which connects with the
telematics device 200, varies in complexity depending
on the purpose thereof. Figure 3 shows an I/O expander
300 containing several components which may or may
not all be present in other I/O expanders. For example,
the 1/0 expander 300 includes a controller 330, an NFC
module 260, an output device 340, a short-range com-
munications module 370, an image sensor 390, a serial
communications module 380, an uplink interface 350 and
a downlink interface 320.

[0055] The controller 330 may be similar to the con-
troller 230 of Figure 3. In some embodiments, the con-
troller 330 is a microcontroller with versatile I/O capabil-
ities. For example, the controller 330 may be a microcon-
troller which has a plurality of I/O ports such as general-
purpose inputs and outputs (GPIOs), serial ports, analog
inputs, and the like. In some embodiments, the controller
330 may have built-in persistent memory such as flash
memory on which machine-executable programming in-
structions for conducting the functionality of the 1/0 ex-
pander 300 may be stored. In other embodiments, the
controller 330 may be coupled to a persistent memory
module (not shown) that contains the machine-executa-
ble programming instructions for conducting the function-
ality of the I/O expander 300. The controller 330 may also
have built-in volatile memory, such as random-access
memory (RAM) for storing data. Alternatively, the I/O ex-
pander 300 may be connected to an external volatile
memory for storing data.

[0056] The output device 340 receives data from the
controller 330 and performs an output function. For ex-
ample, the output device 340 may include a display for
displaying information received from the controller 330.
As another example, the output device 340 may include
a speech synthesizer and a speaker for displaying audi-
ble information received from the controller 330. As yet
another example, the output device 340 may be an output
interface to a hardware device. For example, the output
device 340 may be a motor controller that interfaces to
an electric motor.

[0057] The NFC module 360, short-range communica-
tions module 370, and the serial communications module
380 are similar to the NFC module 260, short-range wire-
less communications module 270, and the serial com-
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munications module 280 described above with reference
to Figure 2.

[0058] Theimage sensor390 may be a digital still cam-
eraoradigital video camera capable of capturingimages.
For example, the image sensor 390 may be a road-facing
dashboard camera for monitoring the road ahead. In oth-
er examples, the image sensor 390 may be a driver-fac-
ing dashboard camera for identifying the operator 10
and/or their condition.

[0059] The uplinkinterface 350 is an electronic periph-
eral interface coupled to the controller 330 and is used
to provide data exchange and/or power capabilities to
the 1/0O expander 300. The uplink interface 350 allows
the 1/0 expander 300 to transmit and receive 1/O expand-
er data. The uplink interface 350 is configured to use the
same protocol and signaling as the 1/0O expander inter-
face 250 of the telematics device 200’. Accordingly, the
I/O expander 300 may exchange the I/O expander data
with the telematics device 200’. In some embodiments,
the uplink interface 350 may also include power pins con-
nected to corresponding power pins in the I/O expander
interface 250, thus allowing the 1/0 expander 300 to be
powered via the telematics device 200’. In other embod-
iments (not shown), the 1/0 expander 300 may have its
own power source instead of or in addition to the power
provided by the telematics device 200’ via the uplink in-
terface 350.

[0060] The downlink interface 320 is an electronic pe-
ripheral interface coupled to the uplink interface 350. The
downlink interface 320 is configured to interface with the
uplink interface 350 of another I/O expander 300 (as will
be described below). Allowing the uplink interface 350 to
connect to the downlink interface 320 of another I/O ex-
pander 300 allows the daisy chaining of I/O expanders
300.

Integrated Telematics Device

[0061] In the above-mentioned figures, a telematics
device is shown as a separate entity connected with a
corresponding asset. The telematics device, however,
may have its components integrated into the asset 100
at the time of manufacture of the asset 100. This may be
the case when the asset 100 is a connected car having
an asset network interface. For example, with reference
to Figure 4, there is shown an asset 400 with the com-
ponents of a telematics device integrated therein, in ac-
cordance with embodiments of the present disclosure.
The asset 400 is similar to the asset 100 but, being a
connected asset such as a connected car, it has an asset
network interface 122. In the depicted embodiment, the
controller 230 is directly connected to the asset commu-
nications bus, which is a CAN bus 104 and may directly
obtain the asset data 112 therefrom. The sensors 204
and the location module 206 are also integrated into the
asset 100 and provide the sensor data 205 and the lo-
cation data 207 to the controller 230 as described above.
The asset network interface 122 belongs to the asset 400
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and may be used by the asset 400 to communicate with
an original equipment manufacturer (OEM) server, to a
roadside assistance server, or for other purposes. The
controller 230 may utilize the asset network interface 122
for the transmission of telematics data 212 provided by
the controller 230. In order to support further not provided
by the integrated peripherals such as the sensors 204
and the location module 206, the asset has an I/O ex-
pander interface 250 coupled to the controller 230 so that
an I/0 expander 300 may be connected to the asset 400
therethrough. The asset 400 may have an interface port
102 for connecting other devices other than a telematics
device 200, such as a diagnostic tool including, but not
limited to, an OBD-I| reader device.

Asset Tracking Devices

[0062] A telematics device 200 as described above is
suitable for tracking both the location and operating sta-
tus of vehicles containing an engine and powertrain.
Sometimes the asset being tracked is an engineless as-
set, such as a trailer, a shipping container, or a train wag-
on. In this disclosure, a "truck" or a "tractor" is a vehicle
powered by an engine and driven by a person, such as
the operator 10. A tractor or a truck is an example of a
vehicle. A "trailer" is a mobile cargo space that is de-
signed to be pulled by a separate vehicle. A trailer is an
example of an engineless vehicle. A "tractor trailer," a
"transport truck" or an "18 wheeler" refers to the combi-
nation of a truck (or "tractor") and a trailer. Tracking a
trailer may be done by using an asset tracker. Since the
trailer does not have an engine, the design of an asset
tracker is slightly different from the design of a telematics
device 200. Figure 5is ablock diagram of an assettracker
500, in accordance with embodiments of the present dis-
closure.

[0063] The assettracker 500 is comprised of a control-
ler 530, a memory 540, sensors 504, a network interface
520, a location module 506, an energy harvester 510,
and optionally a short-range network beacon module 570
(shown in dotted lines).

[0064] The controller 530, memory 540, sensors 504,
network interface 520, and location module 506 are sim-
ilar to the controller 230, memory 240, sensors 204, net-
work interface 220, and location module 206 discussed
above.

[0065] The energy harvester 510 may be a battery, a
super capacitor, or a solar panel. In this context, the asset
tracker 500 is not connected to an external power source
and therefore the battery or super capacitor cannot be
charged when the asset tracker 500 is deployed in a trail-
er, for example. Accordingly, the battery or super capac-
itor comprise a non-replenishable energy harvester. A
solar panel is a replenishable energy harvester during
the day and is non-replenishable during the night.
[0066] The short-range network beacon module 570
is an optional component of the asset tracker. The short-
range network beacon module 570 may be a wireless
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beacon such as a Bluetooth or a Wi-Fi beacon that may
be activated to send wireless beacon signals that can be
detected by the telematics device.

[0067] In operation, the asset tracker 500 implements
a power-saving scheme whereby the various compo-
nents thereof are put into sleep or low-power mode. Pe-
riodically, such as every 15 minutes, the asset tracker
500 wakes up, reads location data from the location mod-
ule 506 and sends said location data over the network
interface 520 to the telematics server 130. In some em-
bodiments, the sensors 504 may capture sensor data
including ambient conditions such as temperature, pres-
sure, and the like. The sensor data may also be sent with
the location data when the asset tracker 500 wakes up.
As discussed earlier, the network interface 520 may be
a cellular modem. Cellular modems has a high power
consumption due to their need to communicate with cel-
lular base stations. Accordingly, the asset tracker 500 is
designed to limit powering up the cellular modem and
transmitting data where possible. The sleep duration be-
tween two successive wakeups of the asset tracker may
in some cases be longer than 15 minutes, such as 30
minutes, 1 hour, or even more.

[0068] Trucks and trailers generally have a temporary
association. A truck may disconnect one trailer and con-
nect another trailer thereto at a shipping yard, for exam-
ple. Monitoring a truck is different from monitoring a trail-
er. Monitoring a truck is best done by a telematics device
that captures asset data 112, sensor data 205, and lo-
cation data 207. Monitoring a trailer, however, only re-
quires monitoring asset tracking data comprised of loca-
tion data and sensor data so it is best done by an asset
tracker. Asset trackers have a simpler design, lower cost,
and can be deployed in any location on the trailer as they
do not need to connect to an interface port.

[0069] Figure 6 depicts a telematics system 601, sim-
ilar to the telematics system 101 used to illustrate the
operation of both a telematics device 200 and an asset
tracker 500. The telematics system 601 includes satel-
lites 170, a telematics server 130, a telematics database
132, and an administration terminal 140 as discussed
above with reference to the telematics system 101. Other
components of the telematics system 101 are not shown
for brevity. The telematics system 601 may contain many
assets 100 and operator terminals 150, for example.
[0070] The telematics system 601 is shown including
a transport truck 605 comprised of a tractor 100 and a
trailer 600. A telematics device 200 is deployed in the
tractor 100 while an asset tracker 500 is deployed in the
trailer 600. The telematics device 200 gathers and sends
telematics data 212 to the telematics server over the net-
work 50. The asset tracker 500 sends asset tracking data
512 to the telematics server 130 over the network 50.
[0071] Tractors and trailers are interchangeable. At
any location, such as a shipping yard, a tractor may re-
lease a trailer connected thereto and connect another
trailer thereto before starting a new trip. For example,
with reference to Figure 7, there is shown a shipping yard
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700 comprised of a plurality of parking spots 710A, 710B,
710C, 710D, 710E, 710F, 710G, 710H, 7101, 710J,
710K, 710L, 710M, and 71 ON. A plurality of trailers may
park the respective parking spots. In the depicted exam-
ple, the parking spots 710A, 710B, and 710J have trailers
parked therein. The transport truck 605 has arrived from
the road 750 to the shipping yard 700. The transport truck
605 is comprised of the tractor 100A and the trailer 600C.
The operator of the tractor 100A intends to drop off the
trailer 600C, in the parking spot 710C, and pick up the
trailer 600J from the parking spot 710J. However, the
spot 710J has the trailer 600G instead of the trailer 600J.
Similarly, the spot 710G has the trailer 600J instead of
the trailer 600G. The operator of the tractor 100A may
not be able to identify the trailer parked in the parking
spot 710J as the trailer 600G. As a result, as shown in
Figure 8, the tractor 100A is now towing the trailer 600G
instead of 600J. In this case the trailer 600G is the wrong
trailer. It is desirable to identify when a situation such as
the one shown arises. It is particularly desirable to deter-
mine when a tractor is towing the wrong trailer. Itis further
desirable to determine when a tractor is towing the wrong
trailer within a short distance and/or time of leaving a
particular location such as a shipping yard.

[0072] In order to determine when a tractor has towed
the wrong trailer, the location of each of the tractor and
the trailer are compared by the telematics server 130. A
tractor and a trailer that report substantially the same
location a plurality of times as they are moving are
deemed to be moving together. Since the trailer is en-
gineless, the trailer is assumed to be towed by the tractor.
Accordingly, the telematics server 130 may compare a
plurality of locations received from a telematics device
200 deployed in a tractor 100, with a corresponding plu-
rality of locations received from an asset tracker 500 de-
ployedin atrailer. Locations reported by the asset tracker
are matched againstlocations reported by the telematics
device using a time stamp associated with teach location.
For example, if the telematics device 200 reports the lo-
cation data 207 every 10 seconds and the asset tracker
500 reports the location thereof every 1 minute, then the
telematics server 130 searches through the location data
207 reported by the telematics device 200 and compares
the location with the closest time stamp to the time stamp
of the location reported by the asset tracker 500. A single
location may not be sufficient to make a determination
that a trailer is travelling with a tractor. For example, it is
possible for two transport trucks to leave a shipping yard
at substantially the same time or to be travelling side by
side momentarily. Accordingly, a plurality of location
matches between the location data reported by the
telematics device and the asset tracker, while both the
asset tracker and the telematics device are in motion are
a good determining factor that both the tractor and the
trailer are traveling together (i.e., that the trailer is being
towed by the tractor).

[0073] As discussed above, some asset trackers have
an energy harvester 510 in the form of a supercapacitor
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or a battery and as such has limited energy. On such
asset trackers waking up frequently to report location da-
ta to the telematics server 130 will deplete the energy
stored in the energy harvester 510. If the energy harvest-
er 510 is a solar panel and the transport truck is traveling
at night, there is also a risk that the energy may be de-
pleted if the asset tracker is waking up frequently to send
location data to the telematics server 130.

[0074] In this disclosure, methods and systems for de-
tecting an association (or co-location) between a tractor
and a trailer without depleting an energy harvester 510
of an asset tracker 500 are proposed. In this disclosure,
a line on a map between a first point and a second point
that can generate a notification or a signal when crossed
by an asset tracker is referred to as a tripwire. With ref-
erence to Figure 9, there is shown a map of a shipping
yard 700 around which a geofence has been defined.
The geofence is in the form of a rectangle having the
tripwires 902, 904, 906 and 908 forming the sides thereof.
The asset tracker 500 is able to detect when the trailer
600G to which it is coupled has crossed the tripwire 906
of the geofence. The asset tracker 500 is capable of de-
tecting when a tripwire has been crossed. In response
to detecting crossing the tripwire, the asset tracker 500
is switched into a location reporting mode with a short
sleep duration between successive wakeups. In the lo-
cation reporting mode, the asset tracker 500 wakes up
frequently, such as every 30 seconds to obtain and send
location data to the telematics server 130. The telematics
server 130 compares the location data with location data
from telematics devices and determines an association
between the trailer containing the asset tracker 500 and
a vehicle to which a telematics device having substan-
tially similar location data is coupled.

[0075] When the asset tracker 500 is in a normal op-
erating mode, it cycles between wakeup and sleep as
discussed. In some embodiments, the asset tracker 500
is not in a full sleep mode between wakeups. In such
embodiments, when in sleep mode, the asset tracker
powers down the network interface 520 and the sensors
504, but reads location data from the location module
506. As such, the asset tracker 500 may detect whether
the trailer to which the asset tracker is coupled has
crossed a tripwire 906 on Figure 6 which the trailer 600G
would have crossed upon exiting from the shipping yard
700 to the road 750. In such embodiments, this may be
possible as the location module 506 consumes signifi-
cantly less electric power than the network interface 520
and performing a comparison between the location pro-
vided by the location module 506 and the tripwire 906
may be done even when the controller 530 is operating
at a slow clock speed. In such embodiments, there are
two mode of operation of the asset tracker: a normal op-
erating mode and a location reporting mode, as shown
in Figure 10A.

[0076] With reference to Figure 10A, there is shown a
state diagram 1000A depicting the two modes of opera-
tion, in accordance with embodiments of the present dis-

10

15

20

25

30

35

40

45

50

55

1"

closure. The asset tracker runs in a normal operating
mode 1002 in which tripwire detection is enabled. In nor-
mal operation mode 1002, the asset tracker reads the
location data from the location module 506 and checks
for tripwire crossing. If no tripwire is crossed, the asset
tracker waits until the sleep duration expires and then
wakes up and reports location data to the telematics serv-
er 130. For example, the asset tracker may only power
up the network interface 520 once every 30 minutes. Up-
on detecting that a tripwire has been crossed 1004, the
asset tracker transitions to a location reporting mode
1010. In the location reporting mode 1010, the asset
tracker powers up the network interface 520, obtains the
asset tracker location from the location module 506, and
sends the asset tracker location to the telematics server
130 more frequently, such as every 1 minute or every 30
seconds. As a result, a plurality of asset tracker locations
are provided to the telematics server 130 while the asset
trackeris in the location reporting mode 1010. After being
in the location reporting mode 1010 for a duration that
exceeds a location reporting mode duration threshold,
the asset tracker transitions back to the normal operating
mode as shown with reference to the transition 1012.

[0077] In some embodiments, the asset tracker 500
has three operating modes: a low-power operating mode
1020, a tripwire detection mode 1030, and a location re-
porting mode 1010, as shown in the state diagram 1000B
shown in Figure 10B. In the low-power operating mode,
both the location module 506 and the network interface
520 are powered down while in sleep mode between two
successive wakeups. The asset tracker 500 may wake
up only every 30 minutes, power up the network interface
520 and the location module 506, obtain the asset tracker
location from the location module 506, and send the lo-
cation data to the telematics server via the network in-
terface 520. While in sleep mode, the asset tracker 500
may be configured to wakeup if the sensors 504 comprise
motion sensors and they report motion consistent with
the trailer in which the asset tracker is deployed being in
travel mode. For example, the asset tracker 500 may
configure motion sensors, such as accelerometers, to
produce a signalto the controller 530, whenever the asset
tracker 500 detects motion thatis above a particular mo-
tion threshold. For example, the sensors 504 may com-
prise a 3-axis accelerometer which may be configured
to generate a hardware interrupt signal to the controller
530 whenever the 3-axis accelerometer detects an ac-
celeration that is greater than a particular threshold. The
controller 530 may read acceleration values for a partic-
ular duration to ascertain whether the acceleration values
indicate motion travel of the trailer in which the asset
tracker is disposed or installed. The acceleration value
may indicate motion travel if they are along the longitu-
dinal axis of the trailer in which the asset tracker is in-
stalled. The acceleration values may also indicate motion
travel if they are in a particular direction for a duration of
time. In response to detecting travel motion 1024, the
asset tracker transitions into a tripwire detection mode
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1030. In the tripwire detection mode 1030, the asset
tracker powers up the location module 506 and periodi-
cally checks whether the location thereof crosses a trip-
wire, such as the tripwire 906.

[0078] While in the tripwire detection mode 1030, if the
sensor 504 report that the motion has stopped 1026, i.e.,
that the vehicle in which the asset tracker is deployed
becomes stationary, then the asset tracker 500 transi-
tions back to the low-power operating mode. If, however,
the asset tracker 500 determines that a tripwire has been
crossed 1004, the asset tracker transitions into the loca-
tion reporting mode 1010 as discussed above. Similarly,
when the location reporting mode duration threshold has
been exceeded asinthe transition 1012, the asset tracker
500 transitions into the low-power operating mode 1020.
[0079] In some embodiments, instead of a location re-
porting mode duration threshold, the asset tracker is con-
figured to report the location thereof a finite number of
times, such as three times or 5 times at specific intervals.
After the asset tracker reports the location the specific
number of times, the asset tracker reverts back to the
normal operating mode 1002 (for the embodiment of Fig-
ure 10A) or to the low-power operating mode 1020 (for
the embodiment of Figure 10B).

[0080] The zone defined by the tripwires 902, 904, 906
and 908 may be defined at the telematics server 130 by
a fleet manager 20 through an administration terminal
140. Figure 11A depicts part of a method 1100 for ob-
taining a plurality of locations of an asset tracker 500, in
accordance with embodiments of the present disclosure.
[0081] At step 1102, a fleet manager 20 may use an
administration terminal 140 to define a shipping yard
zone on the telematics server 130. The shipping yard
zone may be defined using a graphical interface or by
entering geographical coordinates in a text interface.
[0082] Atstep 1104, in response to receiving the zone
definition of the shipping yard, the telematics server 130,
determines the asset trackers 500 located within the
zone. A trailer parked within the shipping yard defined
by the zone will have had its asset tracker report the
location thereof earlier to the telematics server 130. The
telematics server 130 may have saved the location for
each of the asset trackers in the telematics database 132
or another database. Accordingly, the telematics server
130 may query the telematics database 132 and compare
the locations of asset trackers therein to determine the
asset trackers currently within the zone. An asset tracker
may be stored in the telematics database 132 and iden-
tified by an asset tracker identifier.

[0083] At step 1106, the telematics server 130 sends
the zone definition to the asset trackers 500 which are
currently within that zone.

[0084] At step 1108, the asset tracker 500 saves the
zone definition for use in tripwire detection. In some em-
bodiments, the tripwire detection may be enabled by de-
fault, while in other embodiments tripwire detection is on-
ly enabled in response to motion detection consistent
with travel ("travel motion").
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[0085] If the asset tracker exits the zone by crossing
one of the tripwires, then the asset tracker enters location
reporting mode 1110. At step 1112, while the asset track-
erisinthe location reportingmode 1110, the assettracker
sends a plurality of locations thereof to the telematics
server 130.

[0086] Figure 11B builds onthe method 1100 of Figure
11A. The method 1150 is depicted starting with the step
1112 (duplicated from Figure 11Afor clarity), wherein the
asset tracker sends a plurality of locations thereof to the
telematics server 130. The plurality of locations reported
by the asset tracker may be spaced in time by short du-
rations such as a few seconds.

[0087] At step 1114 the telematics device 200 sends
location data 207 to the telematics server 130. The
telematics device 200 may send location data 207 every
second or every few seconds. While the step 1114 is
depicted to take place after step 1112, this is not neces-
sarily the case. Both the telematics device 200 and the
asset tracker 500 may send location data concurrently
to the telematics server 130.

[0088] At step 1116, the telematics server 130 deter-
mines that the telematics device 200 and the asset track-
er 500 are tracking together. In some embodiments, the
telematics server 130 compares a first plurality of loca-
tions reported by the telematics device 200 and a second
plurality of locations reported by the asset tracker 500.
In the comparison, locations having substantially the
same time stamp are compared. The telematics server
130 may compute the distance between a location of the
telematics device 200 and a location of the asset tracker
500 having substantially the same time stamp. If the dis-
tance between the asset tracker 500 and the telematics
device 200 is substantially the same over a plurality of
location readings, then the telematics server 130 deter-
mines that the telematics device 200 and the asset track-
er 500 are travelling together. Consequently, the telemat-
ics server determines that the tractor 100A to which the
telematics device 200 is coupled, and the trailer 600G to
which the asset tracker 500 is coupled are travelling to-
gether.

[0089] At step 1118 the telematics server checks for a
mismatch between the tractor 100 and the trailer 600.
The telematics server 130 may query the telematics da-
tabase 132 using a telematics device identifier of the
telematics device coupled to the tractor 100. Querying
the telematics database 132 may result in obtaining the
asset tracker identifier of the trailer 600 which is sup-
posed to be connected to the tractor 100. Using associ-
ation information between the telematics device 200 and
the assettracker 500, the telematics server 130 can verify
that the tractor 100 to which the telematics device 200 is
coupled and the trailer 600 in which the asset tracker 500
is installed are expected to be travelling together. If there
is a tractor and trailer mismatch, then control goes to step
1120.

[0090] At step 1120, the telematics server 130 sends
a notification to the telematics device 200. The notifica-
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tion may be a wrong trailer notification notifying the
telematics device 200 that the tractor 100 to which the
telematics device 200 is coupled is currently towing the
wrong trailer.

[0091] At step 1122, the telematics device 200 may
generate a notification indicating that the wrong trailer is
currently being towed by the tractor 100 to which the
telematics device 200 is coupled. For example, the
telematics device 200 may beep a number of times, dis-
play an error message on a display coupled thereto, or
play an audio message to the effect that a trailer mis-
match has been detected.

[0092] At step 1124, the telematics server 130 sends
a notification to an operator terminal 150 of the operator
driving the tractor 100 to which the telematics device 200
is coupled. The notification sent indicates to the operator
terminal that the wrong trailer is being towed by the tractor
100 driven by the operator 10 using the operator terminal
150. For example, the telematics server 130 may query
the telematics database 132 and determine the identity
ofthe operator 10 and anidentifier of an operator terminal
150 of the operator 10, who is registered to be driving
the tractor 100A to which the telematics device 200 is
coupled.

[0093] Atstep 1126, in response to receiving the noti-
fication of a wrong trailer or a trailer mismatch, the oper-
ator terminal 150 generates a notification to the operator
10. The notification may be in the form of a message
displayed on a display of the operator terminal, an audible
message played over a speaker of the operator terminal,
or a beep.

[0094] At 1128, the assettracker 500 exits the location
reporting mode 1128 in order to save power consumed
thereby from the energy harvester 510. Exiting the loca-
tion reporting mode may be in response to exceeding the
location reporting mode duration threshold. The asset
tracker 500 may return to a normal operating mode 1002
as discussed with reference to Figure 10A. Alternatively,
the assettracker 500 may return to alow-power operating
mode 1020 as discussed with reference to Figure 10B.

[0095] Embodiments have been described where the
techniques are implemented in circuitry and/or computer-
executable instructions. It should be appreciated that
some embodiments may be in the form of a method or
process, of which at least one example has been provid-
ed. The acts performed as part of the method or process
may be ordered in any suitable way. Accordingly, em-
bodiments may be constructed in which acts are per-
formed in an order different than illustrated, which may
include performing some acts simultaneously, even
though shown as sequential acts in illustrative embodi-
ments. Various aspects of the embodiments described
above may be used alone, in combination, or in a variety
of arrangements not specifically discussed in the embod-
iments described in the foregoing and is therefore not
limited in its application to the details and arrangement
of components set forth in the foregoing description or
illustrated in the drawings. For example, aspects de-
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scribed inone embodiment may be combined in any man-
ner with aspects described in other embodiments

Claims

1. A method in an asset tracker deployed in an engine-
less vehicle, the method comprising:

operating the assettrackerin a tripwire detection
mode;

determining that the asset tracker has crossed
a tripwire; and

operating the asset tracker in a location report-
ing mode in response to determining that the
asset tracker has crossed the tripwire.

2. The method of claim 1, wherein operating the asset
tracker in the tripwire detection mode comprises:

frequently determining an asset tracker location
of the asset tracker; and

comparing the asset tracker location with the
tripwire.

3. The method of any one of the preceding claims,
wherein operating the asset tracker in the tripwire
detection mode is, in response to detecting a travel
motion of the asset tracker.

4. The method of claim 3, wherein detecting the travel
motion of the asset tracker comprises detecting a
plurality of acceleration values from a 3-axis accel-
erometer thereof.

5. The method of claim 2, wherein determining that the
asset tracker has crossed the tripwire comprises
comparing the asset tracker location to a line extend-
ing between a first point and a second point forming
the tripwire.

6. The method of any one of the preceding claims, fur-
ther comprising receiving a zone definition com-
prised of a plurality of tripwires.

7. The method of claim 6, further comprising storing
the zone definition.

8. The method of any one of the preceding claims,
wherein operating the asset tracker in a location re-
porting mode comprises frequently sending a plural-
ity of asset tracker locations to a telematics server.

9. An asset tracker, comprising:
a controller;

a location module; and
a memory coupled to the controller, the memory



10.

1.

12.

13.

14.

15.
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storing machine-executable instructions which,
when executed by the controller, configure the
asset tracker to:

operate in a tripwire detection mode;
determine that the asset tracker has
crossed a tripwire; and

operate in a location reporting mode in re-
sponse to determining thatthe asset tracker
has crossed the tripwire.

The asset tracker of claim 9, wherein the machine-
executable instructions which configure the asset
tracker to operate in a tripwire detection mode com-
prise machine-executable instructions which cause
the asset tracker to:

frequently determine an asset tracker location
of the asset tracker; and

compare the asset tracker location with the trip-
wire.

The asset tracker of any one of the preceding claims,
wherein the machine-executable instructions which
configure the asset tracker to operate in the tripwire
detection mode comprise machine the machine-ex-
ecutable instructions which configure the asset
tracker to operate in the tripwire detection mode in
response to detecting a travel motion of the asset
tracker.

The asset tracker of claim 11, wherein detecting the
travel motion of the asset tracker comprises execut-
ing machine-executable instructions which detect a
plurality of acceleration values from a 3-axis accel-
erometer of the asset tracker.

The asset tracker of any one of the preceding claims,
wherein the machine-executable instructions further
configure the asset tracker to receive a zone defini-
tion comprised of a plurality of tripwires.

The asset tracker of any one of the preceding claims,
wherein the machine-executable instructions which
configure the asset tracker to operate in in a location
reporting mode comprise machine-executable in-
structions which configure the asset tracker to fre-
quently send a plurality of asset tracker locations to
a telematics server.

A telematics system including a telematics server, a
telematics device couplable to atractor, and an asset
tracker couplable to a trailer, characterized in that:

the telematics server sends a zone definition
comprising a plurality of tripwires to the asset
tracker;

the asset tracker operates in a tripwire detection
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26
mode;
the asset tracker determines that it has crossed
a tripwire;

in response to determining that it has crossed
the tripwire, the asset tracker operates in a lo-
cation reporting mode and sends a first plurality
of locations thereof to the telematics server;
the telematics device sends a second plurality
of locations thereof to the telematics server; and
the telematics server determines that the tractor
and the trailer are traveling together based on
the first plurality of locations and the second plu-
rality of locations.
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