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ADJUSTING MECHANICAL ELEMENTS OF CARGO TRANSPORTATION UNITS

Background
[0001]  Trucks, tractor-trailers, or tractors that are connected to chassis for

carrying containers can be used to transport cargo that includes goods. Cargo can
be transported from an origin (such as a factory, a warehouse, a retail outlet, etc.) to
a destination (such as retail outlet, a warehouse, customer premises, etc.) along a

route.

Brief Description Of The Drawings

[0002] Some implementations of the present disclosure are described with
respect to the following figures.

[0003] Fig. 1 is a block diagram of an example arrangement including a cargo
transportation unit (CTU) and a vehicle attached to the CTU, according to some

implementations.

[0004] Fig. 2 is a block diagram of another example arrangement including a
CTU, a vehicle attached to the CTU, and a remote controller, according to further

implementations.

[0005] Fig. 3 is a flow diagram of an example process of a controller, according

to some implementations.

[0006] Fig. 4 is a block diagram of an example arrangement that includes a

controller and a weight sensor, according to some implementations.

[0007] Fig. 5 is a block diagram of a controller according to some

implementations.

Detailed Description

[0008] In the present disclosure, use of the term “a,” “an”, or “the” is intended to
include the plural forms as well, unless the context clearly indicates otherwise. Also,



WO 2018/112644 PCT/CA2017/051569

2

the term “includes,” “including,” “comprises,” “comprising,” “have,” or “having” when
used in this disclosure specifies the presence of the stated elements, but do not
preclude the presence or addition of other elements.

[0009] A cargo transportation unit (CTU) in the form of a moveable platform can
be used to carry cargo items between different geographic locations. A “cargo item”
can refer to any physical item that is to be delivered from one location to another
location. “Cargo” can refer to one or more cargo items. In some examples, a CTU
can be a container (that is attached to a tractor), a cargo carrying portion of a truck,
or a trailer, where the container provides an enclosed space in which the physical
items can be stored during shipment. In other examples, the CTU can include
another type of carrier structure that is able to carry cargo items. More generally, the
CTU can be part of, mounted on, or attached, as applicable, to a vehicle, such as a
truck, a trailer, a tractor, a car, a railed vehicle (e.g., a train), a watercraft (e.g., a
ship), an aircraft, a spacecraft, and so forth. The vehicle can haul the CTU that is
part of, mounted on, or attached to the vehicle.

[0010] In some examples, a vehicle to which a CTU is attached to, mounted on,
or part of, can be a driverless vehicle that can be self-driving. A driverless vehicle
refers to a vehicle that is without a driver, i.e., a human that controls the movement
of the vehicle while the driver is located on the vehicle. A seli-driving vehicle has the
intelligence and self-awareness to perform driving tasks, including driving itself from

an origin to a destination, without any human driver on the vehicle.

[0011]  Without the presence of a human driver, a CTU that is attached to,
mounted on, or part of an unmanned vehicle may not be properly maintained or
configured. Typically, when a CTU is associated with a vehicle that has a human
driver, the human driver can perform checks of the CTU (such as before a trip
begins, at specified points during a trip, at specified maintenance times, or at other
times) to ensure that various mechanical elements of the CTU are properly
maintained or configured. Examples of such mechanical elements can include any
or some combination of the following: a tire, a wheel, a suspension, an aerodynamic

shroud, a door lock, a brake, a seal, and so forth. The foregoing example
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mechanical elements are examples of adjustable mechanical elements that can be
adjusted to different states. Although example adjustable mechanical elements are
listed, it is noted that in other examples, additional or alternative adjustable
mechanical elements can be employed in a CTU. More generally, an “adjustable
mechanical element” of a CTU can refer to any adjustable mechanical element that
is part of the CTU or that otherwise affects the operation of the CTU.

[0012] As examples, a human driver can perform checks of the CTU’s tires, such
as to determine whether the tires are inflated to a target pressure and to check the
wear of the tires. Improperly maintained tires of the CTU can present a dangerous
condition, since incorrectly inflated tires and/or tires with excessive wear may cause
a CTU to lose control while traveling on a road, which can lead to accidents that can
cause injury to humans and/or cause damage to the cargo carried by the CTU.
Furthermore, incorrectly inflated tires and/or excessively worn tires can lead to
inefficient operation of the CTU. For example, under-inflated tires results in
increased friction between the tires and the road, which can lead to reduced gas
mileage of the vehicle.

[0013] The CTU can include other adjustable mechanical elements that if not
properly maintained or configured can lead to dangerous conditions or less efficient
operation of the CTU.

[0014] In accordance with some implementations of the present disclosure, as
shown in Fig. 1, automated adjustment of an adjustable mechanical element 102 of
the CTU 100 can be performed. The adjustment of the adjustable mechanical
element 102 is performed in the absence of any human driver at the CTU 100.

[0015]  Although just one adjustable mechanical element 102 is shown in Fig. 1, it
is noted that in other examples, the CTU 100 can include multiple adjustable
mechanical elements that can be automatically adjusted, i.e., without input from a
human driver of a vehicle that tows or moves the CTU 100.
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[0016] Asshownin Fig. 1, the CTU 100 is towed by a vehicle 104 (such as a
tractor or other type of vehicle). In examples according to Fig. 1, the CTU 100 is
separate from the vehicle 104, and the CTU 100 can be attached to a tow platform
106 of the vehicle 104 to allow the vehicle 104 to tow the CTU 100. In other
examples, the vehicle 104 can be a truck, and the CTU 100 can be part of the truck
104. In further examples, the vehicle 104 can have a support structure on which the
CTU 100 is placed.

[0017] In some examples, the vehicle 104 is a driverless vehicle. In alternative
examples, the vehicle can be driven by a human driver.

[0018] In some examples, the CTU 100 includes a controller 108 that allows the
CTU 100 to perform self-diagnosis and self-adjustment of the adjustable mechanical
element 102. The controller 108 can include a hardware processing circuit which
can include any one or more of the following: a microprocessor, a core of a multi-
core microprocessor, a microcontroller, a programmable gate array, a programmable
integrated circuit device, or another type of hardware processing circuit. In further
examples, the controller 108 can include a combination of a hardware processing
circuit and machine-readable instructions (software or firmware) executable on the

hardware processing circuit.

[0019] In examples according to Fig. 1, the controller 108 that is part of CTU 100
provides a control indication 110 to an adjuster 112, which can perform adjustment
of the adjustable mechanical element 102 in response to the control indication 110.
The control indication 110 can include a control signal, a control message, an
information element in a message, and so forth. In further examples, instead of
being part of the CTU 100, the controller 108 can be part of the vehicle 104, and can
communicate with the CTU 100.

[0020] In some examples, if the adjustable mechanical element 102 is a tire, the
adjuster 112 can include a gas pump that is able to inflate or deflate the pressure of
the tire, by respectively injecting gas into the tire or removing gas from the tire.
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[0021] In further examples, if the adjustable mechanical element 102 is a wheel of
the CTU 100 (where the wheel includes a combination of a tire and the rim that
supports the tire), then the adjuster 112 can include a moveable member that is
controllable to adjust an angle of the wheel.

[0022] If the adjustable mechanical element 102 is the suspension of the CTU
100, then the adjuster 112 can adjust the stiffness of the suspension. For example,
if the suspension is a gas suspension, then the adjuster 112 can include a gas pump
to either inject gas or remove gas from the suspension to adjust the stiffness of the
ride of the CTU 100. As another example, if the suspension is a spring suspension,
then the adjuster 112 can adjust a spring rate of the spring suspension to change the
stiffness of the ride of the CTU 100.

[0023] If the adjustable mechanical element 102 is an aerodynamic shroud of the
CTU 100, then the adjuster 112 includes a moveable member to change a position
or angle of the aerodynamic shroud. Changing the position or angle of the
aerodynamic shroud can change the amount of wind resistance being experienced
by the CTU 100.

[0024] If the adjustable mechanical element 102 is a door lock, then the adjuster
112 can include a moveable member to lock or unlock the door lock. If the
adjustable mechanical element 102 is a door of the CTU 100, then the adjuster 112

includes a moveable member to open or close the door.

[0025] If the adjustable mechanical element 102 is a brake, then the adjuster 112
can adjust the amount of force being applied by a brake. For example, if the CTU
100 has multiple brakes, then the controller 108 can control the adjuster 112 to
control the braking forces applied by the individual brakes. On a slippery road,
applying different braking forces on different brakes can assist in maintaining traction
between the wheels of the CTU 100 and the road surface.

[0026] If the adjustable mechanical element 102 is a seal, then the adjuster 112
can cause engagement or disengagement with the seal to seal the inside chamber of
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the CTU 100, or a portion of the inside chamber of the CTU 100. For example, the
seal can be provided on a door of the CTU 100. When the door is closed, the seal
can be expanded or moved into better sealing engagement with the door.

[0027]  Although examples of adjustable mechanical elements and how they can
be adjusted are given above, it is noted that other adjustable mechanical elements
can be provided in further examples.

[0028] The CTU 100 also includes a sensor 118 that can acquire any of various
measurements relating to the CTU 100. Although just one sensor 118 is shown in
Fig. 1, it is noted that in further examples, multiple sensors can be present in the
CTU 100. Examples of sensors that can acquire measurements can include any or
some combination of the following: a temperature sensor to measure temperature
inside or outside the CTU 100, a humidity sensor to measure humidity inside or
outside the CTU 100, a pressure sensor to measure pressure inside or outside the
CTU 100, a location sensor to measure a location of the CTU 100, a speed sensor to
measure a speed of the CTU 100, a weight sensor to measure a weight of the CTU
100, a load status sensor to measure a load status of the CTU 100 (e.g., whether or
not the CTU 100 is loaded with at least one cargo item, or the amount of loading of
the CTU 100, such as percentage loaded, e.g., 10% loaded, 25% loaded, 50%
loaded, 80% loaded, etc.), a door status sensor to measure a status of a door of the
CTU 100 (door open or door closed), an accelerometer to sense movement, a
gyroscope to measure rotational movement, a tilt sensor to measure a tilt, a vibration
sensor to measure vibration, a start/stop sensor to measure starting or stopping of
the CTU 100, a wear level sensor to measure a wear level of a tire, a wind speed
sensor to measure a wind speed and/or direction, a rain accumulation sensor to
measure an accumulation of rain, a tire pressure sensor to measure a pressure of a
tire, a temperature sensor to measure heat of the wheel (or hub) of a tire, a distance
sensor to measure a number of rotations of a tire, a sensor to measure a force of a
suspension of the CTU 100, such as by measuring a spring force or the gas
pressure of a gas suspension, a brake sensor to measure a wear level or heat of a

brake, or any other type of sensor.
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[0029] A location sensor to measure a current location of the CTU 100 can
include a Global Positioning System (GPS) receiver that determines a location based
on communication with GPS satellites. Alternatively, the controller 108 can
determine the location of the CTU 100 based on triangulation of signals received by
a communication transceiver 122 from multiple wireless base stations or wireless
access points that have known positions. The communication transceiver 122 of the
CTU 100 is able to transmit and receive information over a network 116, which can

be a wireless network.

[0030] The speed sensor can include a sensor coupled to the wheels of the CTU
100 or the engine of the vehicle 104 to determine the speed of the wheels or engine,
and from such speed, the speed of the CTU 100. Alternatively, the speed sensor
can include a GPS receiver that can monitor locations of the CTU 100 over time,
such that the speed of the CTU 100 can be determined by the controller 108.

[0031] A weight sensor (or multiple weight sensors) can be coupled to the
suspension(s) of the CTU 100, and can be used to measure the weight of the overall
CTU 100.

[0032] The load status sensor can include an optical sensor (or multiple optical
sensors) that can scan the inner chamber of the CTU 100 using light signals. Based
on reflected light signals, the controller 108 can derive distances of surfaces that
reflect light signals, and use such distances to determine whether or not cargo items
are present in the inner chamber of the CTU 100, or in some cases, the amount of
loading of cargo items in the inner chamber of the CTU 100. In further examples, the
load status sensor can include a camera (or cameras) to capture image(s) of the
inner chamber of the CTU 100. Processing of the captured image(s) can be
performed by the controller 108 to determine whether or not the CTU 100 is loaded,
and/or the amount of loading of cargo items in the inner chamber of the CTU 100. In
further examples, the load status sensor can include a weight sensor (or multiple
weight sensors) to measure the weight of the CTU 100. Using the weight of the CTU
100, the controller 108 determine whether or not cargo items are present in the inner
chamber of the CTU 100, or in some cases, the amount of loading of cargo items in
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the inner chamber of the CTU 100. Alternatively, load status in the CTU 100 can be
based on use of radar or electromagnetic signals (e.g., X-ray signals, radio signals,
etc.).

[0033] A door status sensor can include a motion sensor (or multiple motion
sensors) mounted on the door of the CTU 100. Examples of motion sensors include
any or some combination of the following: an accelerometer, a gyroscope, etc.
Motion detected by the motion sensor can be used by the controller 108 to determine
whether or not the door is open or closed. Alternatively, other sensors such as a
camera, a time of flight sensor, or radar can be used to determine the open/close
status of a door.

[0034] The tire wear level sensor can include a camera (or multiple cameras) to
capture an image of each tire of the CTU 100. The controller 108 can process the
captured image of each tire and determine the wear level of the camera.
Alternatively, the wear level sensor can be a sensor that is mounted on each tire.
Once the tread of the tire has been worn to each respective level of multiple levels,
the sensor can issue a corresponding alert (e.g., an alert is generated when the tire
is 50% worn, another alert is generated when the tire is 75% worn, etc.). As another
example, tire wear indicators can be integrated into the rubber of a tire, such as
when the tire wear indicators are exposed due to tire wear, a voltage change, a
current change, or other signal change is triggered.

[0035] The wind speed sensor can include a wind speed gauge mounted outside
of the CTU 100 to measure a wind speed. The measurement can be made while the
CTU 100 is stationary or when the CTU 100 is in motion.

[0036] The rain accumulation sensor can include a rain gauge that gathers an

amount of water over time to measure an accumulation of rain.

[0037]  Although Fig. 1 shows the sensor 118 as being part of the CTU 100, it is
noted that in other examples, the sensor 118 can be part of the vehicle 104, and a
communication link is provided between the vehicle 104 and the CTU 100 to
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communicate measurement information from the sensor 118 to the CTU 100. In
examples where there are multiple sensors 118, one or more sensors can be part of

the CTU 100, and one or more other sensors can be part of the vehicle 104.

[0038] In the ensuing discussion, when reference is made to a “sensor of the
CTU,” that can refer to either a sensor on the CTU 100, or a sensor of the vehicle
104 to which the CTU 100 is attached, mounted, or part of.

[0039] The measurement(s) acquired by the sensor 118 (or multiple sensors) is
(are) provided to the controller 108, which can output the control indication 110
based on the received measurement(s) from the sensor(s) 118.

[0040]  Additionally, in some examples, the controller 108 can receive information
from a remote information source 120 over the network 116 (e.g., a wireless
network). For example, the network 116 can include a cellular network, a wireless

local area network (WLAN), or any other type of wireless network.

[0041]  An example cellular network can operate according to the Long-Term
Evolution (LTE) standards as provided by the Third Generation Partnership Project
(3GPP). The LTE standards are also referred to as the Evolved Universal Terrestrial
Radio Access (E-UTRA) standards. In other examples, other types of cellular
networks can be employed, such as second generation (2G) or third generation (3G)
cellular networks, e.g., a Global System for Mobile (GSM) cellular network, an
Enhanced Data rates for GSM Evolution (EDGE) cellular network, a Universal
Terrestrial Radio Access Network (UTRAN), a Code Division Multiple Access
(CDMA) 2000 cellular network, and so forth. In further examples, cellular networks
can be fifth generation (5G) or beyond cellular networks. In additional examples, a
wireless network can include a WLAN, which can operate according to the Institute
of Electrical and Electronic Engineers (IEEE) 802.11 or Wi-Fi Alliance Specifications.
In other examples, other types of wireless networks can be employed by the
controller 108 to communicate with a remote service, such as a Bluetooth link, a
ZigBee network, and so forth. Additionally, some wireless networks can enable
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cellular 10T, such as wireless access networks according to LTE Advanced for
Machine-Type Communication (LTE-MTC), narrowband IoT (NB-10T), and so forth.

[0042] Information from the remote information source 120 sent over the network
116 is received by the communication transceiver 122. Also, any information
pertaining to the CTU 100 can be sent through the communication transceiver 122
over the network 116 to a remote target entity.

[0043] The remote information source 120 can provide information that may be
relevant to the controller 108 in controlling an adjustment of the adjustable
mechanical element 102. As examples, the remote information source 120 can
include a website, a database, and so forth. For example, the remote information
source 120 can be a website that provides weather information at various locations,
a website that provides traffic information at various locations, a database that
provides information regarding road types or road conditions (e.g., gravel road,
concrete road, asphalt road, road with many potholes, etc.) at various locations, a
database regarding safety of various locations (e.g., crime rate statistics at various
locations), and so forth. Using the weather information, traffic information, and/or
road type information at a current location or a predicted future location of the CTU
100, the controller 108 can control adjustment of the adjustable control element 102.

[0044] The predicted location may be predicted by the controller 108 of the CTU
100, or by a service that indicates or sends the predicted location to the controller
108. The predicted location may change from time to time depending on route
modifications, destination changes, transportation speeds, etc. Predicted locations
may be locations (and associated times) at which the CTU 100 is predicted, or
expected to be, and points between the times and locations. The times and locations
may be updated by the CTU 100 or service that CTU 100 may be connected with.
The CTU 100 or the service may use various sensors to adjust the expected
locations, as well as information from other CTUs or outside services such as
weather and traffic information. If predicted locations are included in a list of times
and locations, the CTU 100 may also interpolate or otherwise determine in-between
times and locations that may be utilized by the CTU 100.
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[0045]  The current location of the CTU 100 can be determined based on
information acquired by a GPS receiver, or based on triangulation from signals of
multiple wireless base stations or wireless access points that have known positions,
or based on a map application. The predicted future location of the CTU 100 can be
based on a specified route of the CTU 100 (as the CTU 100 travels between an
origin and a destination), the current speed of the CTU 100, traffic conditions along
the specified route, and other information.

[0046] In examples where the adjustable mechanical element 102 is a tire, the
following are examples of how the tire pressure can be adjusted based on
information of an environment around the CTU 100, either at a current location of the
CTU 100 or a predicted future location of the CTU 100. For example, in cold
weather (e.g., a temperature that is less than a specified temperature threshold), the
tire pressure can be increased by a specified amount to compensate for heat loss
and lower volume of gas in the tire. In contrast, in hot weather (e.g., a temperature
that is greater than a specified temperature threshold), the tire pressure can be
decreased by a specified amount to compensate for increased heat generation due
to interaction between the tire and the road. The temperature of a current location of
the CTU 100 can be based on a temperature measurement by the sensor 118,
and/or based on weather information from a weather website (an example of the
remote information source 120) received over the network 116. The temperature at
a predicted future location can be based on information from the weather website.

[0047] In further examples, weather information at a predicted future location of
the CTU 100 can be based on measurements provided by other CTUs that have
recently moved through the predicted future location of the CTU 100. The sensors of
the CTUs can be communicated over a network.

[0048] In wet weather (e.g., such as during a heavy rain where rain is
accumulating at some specified number of inches per hour), the tire pressure can be
decreased to provide more traction on the road surface. Accumulation of rain can be
based on a measurement by the sensor 118 and/or information from a weather

website.
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[0049] In response to detecting that the CTU 100 is traveling in city traffic, the
tire pressure can be decreased to increase traction with the road surface. The
determination of whether the CTU 100 is traveling in city traffic can be based on
knowledge of the specified route of the CTU 100, a current or predicted future
location of the CTU 100, traffic congestion (such as from a traffic website or from a
map application), and/or a speed of the CTU 100 (acquired by a sensor of the CTU
100).

[0050] Whenthe CTU 100 is traveling on a highway at higher speeds (such as
during long distance travel), the tire pressure can be increased to reduce resistance
between the tire and the road surface. The speed of the CTU 100 can be acquired
by a sensor of the CTU 100.

[0051] For varying weights of cargo being carried by the CTU 100, the tire
pressure can be increased or decreased in response to the detected weight of the
cargo. The weight of the cargo of the CTU 100 can be based on a weight measured
by a weight sensor of the CTU 100, or based on information of the cargo input to the
controller 108, where the information of the cargo can include a weight of the cargo
and other information. The weight of the CTU 100 can alternatively be computed
based on a measurement of a strain gauge, a compression of a spring, or other
techniques.

[0052] For gravel roads, the tire pressure can be reduced to prevent puncture.

More generally, the tire pressure can be varied for different road types. Information
relating to the types of roads along the specified route of the CTU 100 can be based
on information provided by the remote information source 120 about types of roads.

[0053] The tire pressure can also be varied depending on the type of tire. For
example, different tire pressures can be set for a summer tire, a winter tire, a rubber-
type tire, and so forth. Information relating to the type of tire used by the CTU 100
can be input to the controller 108.
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[0054]  The tire pressure can also be varied depending on the type of cargo being
carried. To reduce shock being absorbed by fragile cargo, the tire pressure can be
reduced. Information about the type of cargo can be input to the controller 108.
Cargo items can be provided with radio frequency identification (RFID) tags or
barcodes or QR codes or other information that can be read by the CTU 100 as the
cargo items are loaded, to allow the CTU 100 to determine the type of each cargo

item.

[0055]  To make decisions on how the tire pressure is to be adjusted based on
various input information, the controller 108 can access a repository of mapping
information that can map different combinations of inputs to respective different tire
pressures. The repository of mapping information can be stored on a storage
medium (not shown) that is part of the CTU 100, or alternatively, the repository of
mapping information can be stored remotely and accessible by the controller 108
over the network 116. The repository of mapping information can be based on
recommendations from tire manufacturers and/or from past experience of the

industry

[0056]  Alternatively, the different inputs can be provided to a processing function
that can be invoked by the controller 108, where the processing function can
produce an output based on the various inputs.

[0057]  Similar techniques can be applied by the controller 108 to control other
types of adjustable control elements based on various input information.

[0058] For example, if the adjustable mechanical element 102 is a wheel (or tire
hub) of the CTU 100, then the adjustment of an angle of the wheel can be based on
detecting that the CTU 100 is making a turn. Turning the angle of the wheel can
help the vehicle and CTU make a sharp turn.

[0059] If the adjustable mechanical element 102 is the suspension of the CTU
100, then the adjustment of the stiffness of the suspension can be based on the type
of cargo, the type of road, and the speed of the CTU 100. If the cargo being
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transported is fragile, then the suspension can be made less stiff to reduce the
amount of shock experienced by the cargo. If the road is a gravel road or one that
has many pot holes, then the suspension can be made less stiff. On the other hand,
if the CTU 100 is traveling at a high speed over a smooth road, then the suspension
can be made more stiff to assist with handling of the vehicle and CTU.

[0060] If the adjustable mechanical element 102 is an aerodynamic shroud of the
CTU 100, then the aerodynamic shroud can be adjusted based on a current speed of
the CTU 100. At high speeds, the shroud can be adjusted to provide less wind

resistance, for example.

[0061]  If the adjustable mechanical element 102 is a door lock, then the locking or
unlocking of the door can be based on a location of the CTU 100 (such as when the
CTU 100 is at a pickup or drop-off location).

[0062] If the adjustable mechanical element 102 is a brake, then the amount of
brake pressure applied on a brake can be based on a wear level of the brake. If the
brake is worn, then additional pressure can be applied to achieve the same braking
performance. Alternatively, to avoid further damage to a worn brake, the brake can
be disabled and brakes on other wheels are used. Also, on a slippery road, selective
braking of different wheels can be applied to maintain traction.

[0063] If the adjustable mechanical element 102 is a seal, then the seal can be
adjusted based on whether or not the CTU 100 is in motion, or based on the type of
cargo. If the CTU 100 is in motion, then the seal can be expanded to seal the inner
chamber of the CTU 100. Alternatively, if the CTU 100 is carrying perishable cargo
items, then the seal can be expanded to provide a seal to extend the life of the cargo

items.

[0064] Fig. 1 shows examples where the controller 108 is part of the CTU 100.
As shown in Fig. 2, in alternative examples, a CTU 200 is provided without an
internal controller such as the controller 108 of Fig. 1. In examples according to Fig,
2, a controller 202 that is remotely located from the CTU 200 can be employed (the
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controller 202 is referred to as a “remote controller 202”). For example, the remote
controller 202 can be part of a central system that includes one or more computers.
The central system can include a server system that has one or more server

computers, a cloud system, and so forth.

[0065]  The controller 202 is able to communicate over the network 116 (with the
CTU 200. In such examples, the communication transceiver 122 of the CTU 200
can transmit information regarding the CTU 200 over the network 116 to the remote
controller 202, and the remote controller 202 can use the information provided by the
CTU 200 as well as other information (e.g., from the remote information source 120)
to perform controlling of the adjuster 112 to control the adjustable mechanical
element 102. Based on the information received from the CTU 200 and/or
information from the remote information source 120 (and/or possibly other
information that has been input to the controller 202), the controller 202 is able to
generate a control indication that is transmitted by the controller 202 over the
network 116 to the CTU 200. The control indication received through the
communication transceiver 122 of the CTU 200 is provided as the control indication
to the adjuster 112 to adjust the adjustable mechanical element 102.

[0066] Fig. 3 is a flow diagram of an example process that can be performed by a
controller (e.g., 108 or 202) according to some implementations. The controller
receives (at 302) information regarding a condition associated with a CTU (e.g., the
CTU 100 of Fig. 1 or the CTU 200 of Fig. 2), where the received information
regarding the condition includes information of the environment around the CTU at a
location of the CTU. Note that the location of the CTU can be a current location of
the CTU, or a predicted location of the CTU at a future time. The information of the
environment around the CTU can include one or more of the following: weather
information regarding a weather at a location of the CTU (e.g., temperature,
pressure, humidity, rain, snow, ice, etc.), vehicle traffic information regarding traffic at
a location of the CTU 100 (e.g., a traffic congestion level), information of a road type
or road condition (e.g., whether the road is a concrete road, a gravel road, a road
that has a lot of potholes, etc.), and information of safety at the location of the CTU
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100 (e.g., whether the location is a location with a high or low crime rate, etc.).
Although example types of information of the environment around the CTU are listed
above, it is noted that alternative or additional types of information of the
environment around the CTU can be provided in other examples. More generally,
information of the environment around the CTU refers to information characterizing
the environment that is outside of the CTU. This information may be current or
predicted/expected future information, and may change over time.

[0067] The information regarding a condition associated with the CTU can also
include information acquired by one or more sensors (e.g., 118 in Fig. 1 or 2) of the
CTU. Additionally, the information regarding a condition associated with the CTU
can include information input into the controller, such as the various information input

into the controller discussed further above.

[0068]  The controller adjusts (at 304) the adjustable mechanical element 102 at
the CTU in response to the received information. The adjusting can be performed in
response to the control indication 110 provided to the adjuster 112, where the control
indication 110 can be provided by the controller 108 that is part of the CTU 100 (Fig.
1) or the controller 202 that is remotely located from the CTU 200 (Fig. 2).

[0069] Fig. 4 illustrates an example arrangement that includes a controller 402
that is used for confirming the weight of the cargo that is to be transported by the
CTU 100 or 200. The controller 402 can include the controller 108 that is part of the
CTU 100 (Fig. 1), or the remote controller 202 that is remote from the CTU 200 (Fig.
2).

[0070]  The controller 402 receives an output from a weight sensor 404 (or
multiple weight sensors), which can be part of the CTU. The weight sensor(s) 404
can measure a weight that provides an indication of the weight of the cargo that is
being carried by the CTU. For example, the weight sensor(s) can be part of the
suspension(s) of the CTU. The weight sensor(s) can measure the total weight of the
CTU and the cargo that is contained in the CTU. In examples where the CTU is
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mounted on or part of a vehicle, the weight sensor(s) 404 can measure the
combined weight of the truck/vehicle, the CTU 100, and the cargo.

[0071]  The weight of an unloaded CTU (without any cargo) and/or the vehicle is
known. As shown in Fig. 4, CTU/vehicle weight information 406 is provided as an
input to the controller 402. Based on the measured weight provided by the weight
sensor(s) 404 and the CTU/vehicle weight information 4086, the controller 402 is able
to estimate the weight of the cargo carried by the CTU. For example, the controller
402 can subtract the weight represented by the CTU/vehicle weight information 406
from the total weight measured by the weight sensor(s) 404 to produce an output
that is an estimate of the weight of the cargo.

[0072] In some cases, the weight information provided by the weight sensor(s)
404 of the CTU can be used to confirm whether a representation of a weight of the
cargo included in cargo load information 408 is accurate. The cargo load information
408 can be provided by personnel or a system at the time the cargo is loaded onto
the CTU, such as at a loading dock or other location. The cargo load information
408 provides a description of the cargo items that have been loaded onto the CTU.
The cargo load information 408 can specify the total weight of the loaded cargo, or
weights of the individual cargo items. The cargo load information 408 can also
specify other information associated with the cargo items, such as the types of the
cargo items, and so forth.

[0073]  To confirm the weight of the cargo, the controller 402 can compare the
weight estimated based on the output of the weight sensor(s) 404 with the
representation of weight of the cargo included in the cargo load information 408.
The controller 402 can then determine whether the weight estimated based on the
output of the weight sensor(s) 404 is consistent with the representation of weight of
the cargo included in the cargo load information 408.

[0074]  If not (such as in response to the weight estimated based on the output of
the weight sensor(s) 404 exceeding the representation of weight of the cargo
included in the cargo load information 408 by greater than a specified threshold), a
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weight alert 410 can be generated by the controller 402, where the weight alert can
be sent to a target entity. In examples where the CTU is being moved by a
driverless vehicle, the weight alert 410 can be sent to a remote entity, such as a
human operator located in a control center. In examples where the CTU is being
moved by a vehicle with a human driver, the weight alert 408 can be provided to the
driver of the vehicle.

[0075]  The weight alert 110 can include a message or other notification indicating
that there is an inconsistency in the weight estimated based on the output of the
weight sensor(s) 404 and the representation of weight of the cargo included in the
cargo load information 408.

[0076] In some examples, if the actual weight of the cargo exceeds the
representation of weight of the cargo included in the cargo load information 408, then
that can be used to make a determination of whether or not cargo items should be
offloaded from the CTU. In some countries, weigh stations can be provided along
highways to weigh trucks and their cargo. If the weight of the truck and CTU exceed
the weight indicated by a bill of lading or other representation, then authorities may
conduct a search of the cargo, which can take a relatively long time. The weight
alert 110 can be provided to confirm ahead of travel whether or not

[0077] Fig. 5 is a block diagram of an example controller 500 (e.g., the controller
108 of Fig. 1, the controller 202 of Fig. 2, or the controller 402 of Fig. 4). The
controller 500 includes a processor 502, which can be a hardware processing circuit.
The controller 500 further includes a non-transitory or computer-readable storage
medium 504 that stores CTU mechanical element adjustment instructions 506 that
are executable on the processor 502 to perform various tasks as discussed in the
present disclosure.

[0078] The storage medium 504 can include any or some combination of the
following: a semiconductor memory device such as a dynamic or static random
access memory (a DRAM or SRAM), an erasable and programmable read-only
memory (EPROM), an electrically erasable and programmable read-only memory
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(EEPROM) and flash memory; a magnetic disk such as a fixed, floppy and
removable disk; another magnetic medium including tape; an optical medium such
as a compact disk (CD) or a digital video disk (DVD); or another type of storage
device. Note that the instructions discussed above can be provided on one
computer-readable or machine-readable storage medium, or alternatively, can be
provided on multiple computer-readable or machine-readable storage media
distributed in a large system having possibly plural nodes. Such computer-readable
or machine-readable storage medium or media is (are) considered to be part of an
article (or article of manufacture). An article or article of manufacture can refer to
any manufactured single component or multiple components. The storage medium
or media can be located either in the machine running the machine-readable
instructions, or located at a remote site from which machine-readable instructions

can be downloaded over a network for execution.

[0079] In the foregoing description, numerous details are set forth to provide an
understanding of the subject disclosed herein. However, implementations may be
practiced without some of these details. Other implementations may include
modifications and variations from the details discussed above. It is intended that the
appended claims cover such modifications and variations.
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What is claimed is:

1. A controller comprising:
at least one processor configured to:

receive information regarding a condition associated with a cargo
transportation unit (CTU), the received information regarding the condition
comprising information of an environment around the CTU at a location of the CTU;
and

adjust an adjustable mechanical element of the CTU in response to the
received information.

2. The controller of claim 1, wherein the location is a current location of the CTU
or a predicted location of the CTU.

3. The controller of claim 1, wherein the information of the environment
comprises one or more selected from among weather information, vehicle traffic
information, information of a road type or road condition, and information of safety at
the location of the CTU.

4, The controller of claim 1, wherein the information regarding the condition
associated with the CTU further comprises one or more selected from among a
travel distance of the CTU, a type of tire of the CTU, a type of cargo carried by the
CTU, and a weight of the cargo carried by the CTU.

5. The controller of claim 1, wherein the received information is from a sensor on
the CTU.
6. The controller of claim 1, wherein the received information comprises

information from a sensor on another CTU.
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7. The controller of claim 1, wherein the received information is communicated

over a network from a remote information source coupled to the network.

8. The controller of claim 1, wherein the adjustable mechanical element
comprises one or more selected from among a tire, a wheel, a suspension, an

aerodynamic shroud, a door lock, a brake, and a seal.

9. The controller of claim 1, wherein the at least one processor is configured to
further:

determine a weight of the CTU; and

determine whether the weight of the CTU is consistent with a representation
of a weight.

10.  The controller of claim 9, wherein the at least one processor is configured to
further output an alert in response to determining that the weight of the CTU is not
consistent with the representation of a weight.

11. A method comprising:

hauling, using a driverless vehicle, a cargo transportation unit (CTU) that
carries cargo; and

automatically adjusting an adjustable mechanical element of the CTU in
response to received information regarding a condition associated with the CTU, the
received information regarding the condition comprising information of an

environment around the CTU at a location of the CTU.

12.  The method of claim 11, wherein the automatically adjusting of the adjustable
mechanical element is performed in the absence of any human at the CTU.

13.  The method of claim 11, wherein the automatically adjusting of the adjustable
mechanical element comprises adjusting a pressure of a tire of the CTU in response
to the information of the environment around the CTU.
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14.  The method of claim 11, wherein the automatically adjusting of the adjustable
mechanical element comprises one or more selected from among adjusting a
suspension of the CTU, adjusting an aerodynamic shroud of the CTU, locking or
unlocking a door of the CTU, opening or closing the door of the CTU, adjusting a
brake of the CTU, adjusting a seal of the CTU, and adjusting a wheel of the CTU.

15.  The method of claim 11, wherein the automatically adjusting of the adjustable
mechanical element is controlled by a controller that is part of the CTU.

16.  The method of claim 11, wherein the automatically adjusting of the adjustable
mechanical element is controlled by a controller that is part of a remote system that
is separate from the CTU, the remote system in communication with the CTU over a

network.

17.  The method of claim 11, wherein the automatically adjusting of the adjustable
mechanical element is controlled by a controller that is part of a vehicle that tows the
CTU.

18.  The method of claim 11, wherein the received information regarding the
condition is received from a sensor on the CTU or a sensor of another CTU.

19.  The method of claim 11, wherein the received information regarding the
condition is received over a network from a remote information source coupled to the

network.
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20. A non-transitory machine-readable storage medium storing instructions that
upon execution cause a controller to:

receive information regarding a condition associated with a cargo
transportation unit (CTU), the received information regarding the condition
comprising information of an environment around the CTU at a location of the CTU;
and

adjust an adjustable mechanical element of the CTU in response to the
received information.

21.  The non-transitory machine-readable storage medium of claim 20, wherein
the adjusting of the adjustable mechanical element is performed in the absence of
any human at the CTU.
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