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(57) ABSTRACT

The present invention relates to systems and methods for
vehicles to safely closely follow one another through partial
automation. Following closely behind another vehicle has
significant fuel savings benefits, but is unsafe when done
manually by the driver. On the opposite end of the spectrum,
fully autonomous solutions require inordinate amounts of
technology, and a level of robustness that is currently not
cost effective.

Long range coordination system
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Figure 10 Airflow Around a Heavy Truck.
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Figure 17: Possible Simplified Aerodynamic Optimization
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SYSTEMS AND METHODS FOR
SEMI-AUTONOMOUS VEHICULAR
CONVOYS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. patent
application Ser. No. 13/542,622, filed Jul. 5, 2012, now U.S.
Pat. No. 8,744,666, which in turn claims the benefit of U.S.
Prov. Appn. Ser. No. 61/505,076, filed on Jul. 6, 2011, both
of which are entitled “Systems and Methods for Semi-
Autonomous Vehicular Convoying” and are incorporated by
reference herein for all purposes.

[0002] Additionally, this application is related to and
claims the benefit of co-pending U.S. patent application Ser.
No. 13/542,627, filed Jul. 5, 2012, entitled “Systems and
Methods for Semi-Autonomous Convoying of Vehicles”,
which is incorporated by reference herein for all purposes.

BACKGROUND

[0003] The present invention relates to systems and meth-
ods for enabling vehicles to closely follow one another
through partial automation. Following closely behind
another vehicle has significant fuel savings benefits, but is
generally unsafe when done manually by the driver. On the
opposite end of the spectrum, fully autonomous solutions
require inordinate amounts of technology, and a level of
robustness that is currently not cost effective.

[0004] Currently the longitudinal motion of vehicles is
controlled during normal driving either manually or by
convenience systems, and during rare emergencies it may be
controlled by active safety systems.

[0005] Convenience systems, such as adaptive cruise con-
trol, control the speed of the vehicle to make it more
pleasurable or relaxing for the driver, by partially automat-
ing the driving task. These systems use range sensors and
vehicle sensors to then control the speed to maintain a
constant headway to the leading vehicle. In general these
systems provide zero added safety, and do not have full
control authority over the vehicle (in terms of being able to
fully brake or accelerate) but they do make the driving task
easier, which is welcomed by the driver.

[0006] Some safety systems try to actively prevent acci-
dents, by braking the vehicle automatically (without driver
input), or assisting the driver in braking the vehicle, to avoid
a collision. These systems generally add zero convenience,
and are only used in emergency situations, but they are able
to fully control the longitudinal motion of the vehicle.
[0007] Manual control by a driver is lacking in capability
compared to even the current systems, in several ways. First,
a manual driver cannot safely maintain a close following
distance. In fact, the types of distance to get any measurable
gain results in an unsafe condition, risking a costly and
destructive accident. Second, the manual driver is not as
reliable at maintaining a constant headway as an automated
system. Third, a manual driver when trying to maintain a
constant headway has rapid and large changes in command
(accelerator pedal position for example) which result in a
loss of efficiency.

[0008] The system described here combines the compo-
nents to attain the best attributes of the state of the art
convenience and safety systems and manual control. By
using the components and communication for the very best
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safety systems, together with an enhanced version of the
functionality for convenience systems, together with the
features and functionality of a manually controlled vehicle,
the current solution provides a safe, efficient convoying
solution.

[0009] It is therefore apparent that an urgent need exists
for reliable and economical Semi-Autonomous Vehicular
Convoying. These improved Semi-Autonomous Vehicular
Convoying Systems enable vehicles to follow closely
together in a safe, efficient, convenient manner.

SUMMARY

[0010] To achieve the foregoing and in accordance with
the present invention, systems and methods for a Semi-
Autonomous Vehicular Convoying are provided. In particu-
lar the systems and methods for 1) A close following
distance to save significant fuel, 2) Safety in the event of
emergency maneuvers by the leading vehicle, 3) Safety in
the event of component failures in the system, 4) An efficient
mechanism for vehicles to find a partner vehicle to follow or
be followed by 5) An intelligent ordering of the vehicles
based on several criteria, 6) Other fuel economy optimiza-
tions made possible by the close following, 7) Control
algorithms to ensure smooth, comfortable, precise mainte-
nance of the following distance, 8) Robust failsafe mechani-
cal hardware, 9)Robust failsafe electronics and communi-
cation, 10) Other communication between the vehicles for
the benefit of the driver, 11) Prevention of other types of
accidents unrelated to the close following mode, 12) A
simpler system to enable a vehicle to serve as a leading
vehicle without the full system

[0011] Note that the various features of the present inven-
tion described above may be practiced alone or in combi-
nation. These and other features of the present invention will
be described in more detail below in the detailed description
of the invention and in conjunction with the following
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In order that the present invention may be more
clearly ascertained, some embodiments will now be
described, by way of example, with reference to the accom-
panying drawings, in which:

[0013] FIG. 1 shows the airflow around a heavy truck, in
accordance with some embodiments;

[0014] FIG. 2 shows US transportation fuel use;

[0015] FIG. 3A shows typical fleet expenses for a heavy
truck fleet;

[0016] FIG. 3B shows typical heavy truck fuel use from

aerodynamic drag;

[0017] FIG. 4 shows typical fuel savings for a set of linked
trucks;
[0018] FIG. 5 shows fuel savings versus following dis-

tance gap for a set of heavy trucks;

[0019] FIG. 6 shows an example of long range coordina-
tion between two trucks in accordance with one embodiment
of the present invention;

[0020] FIG. 7 shows an example of short range linking
between two trucks;

[0021] FIG. 8 illustrates exemplary long range communi-
cations between trucks;

[0022] FIG. 9 illustrates exemplary short range commu-
nications between trucks;
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[0023] FIG. 10 illustrates an exemplary purpose behind
the short range communications between trucks;

[0024] FIG. 11 show an exemplary installation of system
components for one embodiment of the invention;

[0025] FIGS. 12 and 13 are block diagrams illustrating
one embodiment of the vehicular convoying control system
in accordance with the present invention;

[0026] FIG. 14 shows exemplary components for a sim-
plified version of the embodiment of FIG. 12 suitable for a
lead vehicle;

[0027] FIG. 15 shows an exemplary flowchart for coordi-
nation and linking functionality;

[0028] FIG. 16 shows some additional safety features for
some embodiments; and

[0029] FIG. 17 shows one exemplary embodiment of
aerodynamic optimization. for use with convoying vehicles.

DETAILED DESCRIPTION

[0030] The present invention will now be described in
detail with reference to several embodiments thereof as
illustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order
to provide a thorough understanding of embodiments of the
present invention. It will be apparent, however, to one
skilled in the art, that embodiments may be practiced with-
out some or all of these specific details. In other instances,
well known process steps and/or structures have not been
described in detail in order to not unnecessarily obscure the
present invention. The features and advantages of embodi-
ments may be better understood with reference to the
drawings and discussions that follow.

[0031] The present invention relates to systems and meth-
ods for a Semi-Autonomous Vehicular Convoying. Such a
system enables vehicles to follow closely behind each other,
in a convenient, safe manner.

[0032] To facilitate discussion, FIG. 1 shows the airflow
around a typical truck 100. This system is aimed at reducing
the drag caused by this type of airflow. This drag causes the
majority of fuel used in transportation, especially in the
Heavy Truck sector (see FIG. 2). The expense of this fuel is
significant for all private and industrial vehicle users, but
especially so for heavy truck fleets, where the fuel is about
40% of operating expenses (see FIG. 3A). As shown in FIG.
3B, the wind resistance for a typical truck 100 is approxi-
mately 63% of engine power at highway speeds. This wind
resistance power is approximately proportional to vehicle
speed, as Drag_Power=Cd*(Area*0.5*density *Velocity3),
where Cd is the coefficient of drag and is a function of the
object’s shape.

[0033] Embodiments of the present invention enable
vehicles to follow closely together. FIG. 5 (from “Develop-
ment and Evaluation of Selected Mobility Applications for
VII (ak.a. IntelliDrive)”, Shladover 2009) shows the fuel
savings possible for heavy trucks at various gaps, while FIG.
4 shows one specific example of heavy trucks following
closely.

[0034] Inaccordance with the present invention, a key part
of the functionality of one such embodiment is long range
coordination between the vehicles. Shown in FIG. 6 this
serves to allow vehicles 410 and 420 to find linking partners.
The system has some knowledge of the location and/or
destination of the self-vehicle and of other equipped vehicles
on the road. The system can thus suggest nearby vehicles
with which to link.
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[0035] FIG. 8 shows the technology to enable such a
system: a long range communication system 880 and a
central server 890. The server 890 and/or the system
onboard each vehicle makes decisions and suggestions
based on knowledge of one or more of vehicle location.,
destination, load, weather, traffic conditions, vehicle type,
trailer type, recent history of linking, fuel price, driver
history, or others. When a linking opportunity presents itself,
the driver is notified, and can manually adjust his speed to
reduce the distance between the vehicles, or the system can
automatically adjust the speed.

[0036] These linking opportunities can also be determined
while the vehicle is stationary, such as at a truck stop, rest
stop, weigh station, warechouse, depot, etc. They can also be
calculated ahead of time by the fleet manager. They may be
scheduled at time of departure, or hours or days ahead of
time, or may be found ad-hoc while on the road, with or
without the assistance of the coordination functionality of
the system.

[0037] The determination of which vehicle to suggest may
take into account several factors, and choose an optimum
such as the vehicle which minimizes a cost function. For
example, it may minimize a weighted cost function of the
distance between the vehicles and the distance between their
destinations: Optimum:min(Wp(Posa—Posb)2+Wd(Desa—
Des,)*), where W, and W, are the weights on the two cost
terms respectively. This cost function could have any of the
factors listed above.

[0038] Once the two vehicles have decided to coordinate,
they may manually adjust their speed, or it may be auto-
matic. If manual, the system may suggest to the leader to
slow down, and to the follower to speed up. Or if the leader
is stationary (at a truck stop, rest stop, etc.), it may suggest
that he delay his departure the appropriate amount of time.
These suggestions may be based on vehicle speed, destina-
tion, driver history, or other factors. If the system automati-
cally controls the speed, it may operate the truck in a Cruise
Control or Adaptive Cruise Control type mode, with the
speed chosen to bring the two vehicles closer together. The
system may also operate in a semi-automatic mode, where
it limits the speed of the leading vehicle, to bring them closer
together.

[0039] Once the vehicles are close together, the system
takes control of the rear vehicle 420 and controls it to a close
following distance behind the front vehicle 410 (FIG. 7).
The driver may use an input of the system (such as the GUI)
to activate this transition, or it can be automatic based upon
distance between the two vehicles. The key technology to
allow this link is shown in FIG. 9, consisting primarily of a
distance/relative speed sensor, and a communication link.
The type of functionality of this link is shown in FIG. 10,
where information about a braking event is sent from the
front vehicle 410 to the rear vehicle 420. Other information
may include accelerometer data (filtered or unfiltered), tire
pressure, information about obstacles or other vehicles in
front of the lead truck. Also, any of the above data may be
passed from the front truck 410 to the rear truck 420 that
relates to trucks in front of the pair (for example, to allow
safe platoons of 3 or more trucks) During the close-follow-
ing mode, the system controls the engine torque and braking,
with no driver intervention required. The driver is still
steering the vehicle.

[0040] The linking event may consist of a smooth transi-
tion to the close distance following. This may take the form
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of a smooth target trajectory, with a controller that tries to
follow this trajectory. Using Din as the safe relative distance
in manual mode, and Da as the desired distance in semi-
autonomous following mode, and a time Tt for the transition
to occur, the target distance may be D,=D,+(D,-D,,)*(1-
cos(pi*t/T ))/2 for t less than or equal to T ;. Thus in this way
the change in gap per time is smallest at the beginning and
the end of the transition, and largest in the middle, providing
a smooth response. Other possible forms of this equation
include exponentials, quadratics or higher powers, hyper-
bolic trigonometric functions, or a linear change. This shape
may also be calculated dynamically, changing while the
maneuver is performed based on changing conditions or
other inputs.

[0041] The driver may deactivate the system in several
ways. Application of the brake pedal may resume normal
control, or may trigger a mode where the driver’s braking is
simply added to the system’s braking. Applying the accel-
erator pedal may deactivate the system, returning to a
manual mode. Other driver inputs that may trigger a system
deactivation include: Turn signal application, steering inputs
larger or faster than a threshold, clutch pedal application, a
gear change, Jake (compression) brake application, trailer
brake application, ignition key-off, and others. The driver
can also deactivate the system by selecting an option on. the
GUI screen or other input device.

[0042] In the event of any system malfunction, including
but not limited to component failures, software failures,
mechanical damage, etc., the system may react in one of
several safe ways. In general the trailing truck will start
braking to ensure a safe gap is maintained. This braking may
continue until the trailing truck has come to a complete stop,
or it may continue only until a nominally safe distance is
achieved (safe without automated control), or it may con-
tinue only until the malfunction has been identified. Addi-
tionally, one of several alerts may be used to notify the driver
of the malfunction and subsequent action of the control
system: A braking jerk, consisting of a small braking com-
mand, an audible tone, a seat vibration, a display on the GUI
or other display, flashing the instrument cluster or other
interior lights, increasing or decreasing engine torque
momentarily, activation of the “Jake” (compression) brake,
or other useful alerts.

[0043] To enable some or all of the described functional-
ity, the system may have some or all of the following
components shown in FIG. 11: An accelerator pedal inter-
ceptor 1140, either on the vehicle bus or as a set of analog
voltages, to be used to command torque from the engine. A
modified brake valve 1150, which allows the system to
command braking even in the absence of driver command.
A forward-looking RADAR or LIDAR unit 1130, which
senses distance and relative speed of the vehicle in front 410.
A dash mounted user interface 1120, which may also house
a forward looking camera, which is used for the driver to
interact with and control the system. An antenna array 1110,
used for the short and long range communication systems,
and for a GPS receiver.

[0044] FIG. 12 shows the system architecture for one
embodiment 1200. The user 1210 interacts with the system
through a Graphical User Interface box 1220 (which may
alternatively be integrated with the control box 1230). The
user 1210 receives information (a) from visual and or
auditory alerts, and can make system requests (e.g., for
linking or coordination). The GUI box 1220 communicates
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with a long range data link 1240 (b). The GUI box 1220 is
responsible for managing this data link, sending data via the
link, and receiving data via the link. A control box 1230
(which may be alternatively integrated with the GUI box)
receives sensor information 1250 (c), short range data link
1260 information (e), and controls the actuators 1270 (f). It
receives information from the GUI 1220 via a wired or
wireless link (d), and sends information to the GUI 1220 to
be relayed to the driver and/or long range communication
link 1240. Alternately, the long range communication link
1240 may connect to the control box 1230. In this case, the
GUI box 1220 may be an extremely simple (low cost)
device, or may even be eliminated from the system entirely.
[0045] FIG. 13 shows one embodiment of the Control Box
1230, with the core sensors and actuators. Via connection
(a), typically a CAN interface, the control box 1230 con-
figures the radar unit 1310 and receives data. Connection (b)
gives the control box acceleration information in 2 or 3 axes.
The data link (c) provides information about a leading
truck’s 410 acceleration, or is used to provide that same
information to a following truck 420. The brake valve 1340
(d) provides data on brake pressure, and is used to apply
pressure via a command from the control box 1230. The
accelerator command 1390 is sent via an analog voltage or
a communications signal (CAN or otherwise). The control
box performs calculations to process the sensor information,
information from the GUI, and any other data sources, and
determine the correct set of actuator commands to attain the
current goal (example: maintaining a constant following
distance to the preceding vehicle).

[0046] FIG. 15 shows one embodiment of the coordination
and linking functionality. First the system identifies a vehicle
available for coordination 1510 (example: within a certain
range, depending on the route of the two vehicles). Once one
of'the vehicles has accepted 1522 or 1524, the other can then
accept, meaning that the pair has agreed to coordinate for
possible linking 1530. Depending on vehicle positioning,
weight of load, vehicle equipment, and other factors, a
vehicle within linking range may be identified as a Follow-
ing Vehicle Available for Linking 1542 or a Leading Vehicle
Available for Linking 1544. If neither of these is the case, the
system returns to coordination mode. Once a Following
Vehicle Available for Coordination has Accepted the link
1552, the Self Vehicle then also accepts the link 1553,
initiating the link. Upon completion of the link, the vehicles
are now linked 1562. Similarly, once a Leading Vehicle
Available for Coordination has Accepted the link 1554, the
Self Vehicle then also accepts the link 1555, initiating the
link. Upon completion of the link, the vehicles are now
linked 1564.

[0047] Safety in the event of emergency maneuvers by the
leading vehicle 410 is ensured by the use of the communi-
cation link between the two vehicles. This link may send
some or all of the following: Brake application pressure,
brake air supply reservoir pressure, engine torque, engine
RPM, compression (Jake) brake application, accelerator
pedal position, engine manifold pressure, computed deliv-
ered torque, vehicle speed, system faults, battery voltage,
and radar/lidar data.

[0048] The data link 1260 has very low latency (approxi-
mately 10 ms in one embodiment), and high reliability. This
could be, but is not limited to, WiFi, radio modem, Zigbee,
or other industry standard format. This link could also be a
non-industry-standard format. In the event of a data link
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loss, the trailing vehicles should immediately start slowing,
to ensure that if the front vehicle happens to brake imme-
diately when the link is lost, the gap can be maintained
safely.

[0049] In addition to safe operation during the loss of the
data link 1260, the system should be safe in the event of
failure of components of the system. For most failures, the
trailing vehicles 420 start braking, until the driver takes
control. This ensures that in the worst case where the front
vehicle 410 starts to brake immediately when a system
component tails, the system is still safe. The modified brake
valve 1340 is also designed such that in the event of a
complete failure, the driver can still brake the vehicle.

[0050] Ordering of the vehicles: The system arranges the
vehicles on the road to ensure safety. This order may be
determined by vehicle weight/load, weather/road conditions,
fuel savings or linking time accrued, braking technology on
the vehicle, destination or other factors. The system will
(graphically or otherwise) tell the drivers which vehicle
should be in the front. For example, to mitigate fatigue, the
system may cause the trucks to exchange positions on a
periodic basis.

[0051] FIG. 16 shows some additional safety features the
system may have to prevent other types of accidents unre-
lated to the close following mode. One such feature is to use
the video stream from the front looking camera to detect
drifting within or out of the lane. This is done by looking at
the edges or important features on the leading vehicle 410,
and calculating the lateral offset from that vehicle. When it
is detected, the system can react with a braking jerk (a short
braking application to get the driver’s attention), slowing
down, or a braking jerk in the leading vehicle. The system
can also use the front mounted radar to detect obstacles or
stationary vehicles in the road, even when not in close-
following mode. When these are detected, it can apply a
braking jerk, slow the vehicle, or provide visual or auditory
warnings. The system can also use the accelerator pedal
signal to determine when the driver is not engaged with the
vehicle (or other driver states) and react accordingly, such as
slowing the vehicle or disabling the system.

[0052] To facilitate rapid deployment, a simpler version of
the system enables vehicles to be a leading vehicle, shown
in FIG. 14. The components on this version are a subset of
those on the full system, so there is no automation. There are
several embodiments of this reduced set of functionality,
with different subsets of the components from the full
system. One minimal system simply performs two func-
tions: Transmits sufficient data to the trailing vehicle to
allow close following, and alerts the front driver to a linking
request and allows him/her to accept or decline it. As such,
this version has only the data link functionality 1460. It
connects to the brake pressure sensor and electrical power.
This system may also have additional components, includ-
ing an accelerometer 1450 and/or an extremely simply user
interface and/or long range data communication 1440.

[0053] The full system may also provide other fuel
economy optimizations. These may include grade-based
cruise control, where the speed set-point is determined in
part by the grade angle of the road and the upcoming road.
The system can also set the speed of the vehicles to attain a
specific fuel economy, given constraints on arrival time.
Displaying the optimum transmission gear for the driver
1410 can also provide fuel economy benefits.
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[0054] The system may also suggest an optimal lateral
positioning of the trucks, to increase the fuel savings. For
example, with a cross wind, it may be preferable to have a
slight offset between the trucks, such that the trailing truck
is not aligned perfectly behind the leading truck. This lateral
position may be some combination of a relative position to
the surrounding truck(s) or other vehicles, position within
the lane, and global position.

[0055] The data link between the two vehicles is critical to
safety, so the safety critical data on this link has priority over
any other data. Thus the link can be separated into a safety
layer (top priority) and a convenience layer (lower priority).
The critical priority data is that which is used to actively
control the trailing vehicle. Examples of this may include
acceleration information, braking information, system acti-
vation/deactivation, system faults, range or relative speed, or
other data streams related to vehicle control.

[0056] The lower priority convenience portion of the link
can be used to provide data to the driver to increase his
pleasure of driving. This can include social interaction with
the other drivers, video from the front vehicle’s camera to
provide a view of the road ahead. This link can also be used
when the vehicle is stationary to output diagnostic informa-
tion gathered while the vehicle was driving.

[0057] Because the system is tracking the movements of
the vehicles, a tremendous amount of data about the fleet is
available. This information can be processed to provide
analysis of fleet logistics, individual driver performance,
vehicle performance or fuel economy, backhaul opportuni-
ties, or others.

[0058] The system will have an “allow to merge” button to
be used when the driver wants another vehicle to be able to
merge in between the two vehicles. The button will trigger
an increase in the vehicle gap to a normal following dis-
tance, followed by an automatic resumption of the close
following distance once the merging vehicle has left. The
length of this gap may be determined by the speed of the
vehicles, the current gap, an identification of the vehicle that
wishes to merge, the road type, and other factors. The
transition to and from this gap may have a smooth shape
similar to that used for the original linking event. Using Dv
as the relative distance to allow a vehicle to cut in, and Da
as the desired distance in semi-autonomous following mode,
and a time Tt for the transition to occur, the target distance
may be D =D +(D -D,)*(1-cos(pi*t/T,,))/2 for t less than
or equal to T,

[0059] For vehicles with an automatic transmission, the
system can sense the application of the clutch pedal by
inferring such from the engine speed and vehicle speed. If
the ratio is not close to one of the transmission ratios of the
vehicle, then the clutch pedal is applied or the vehicle is in
neutral. In this event the system should be disengaged,
because the system no longer has the ability to control torque
to the drive wheels. For example this calculation may be
performed as a series of binary checks, one for each gear:
Gear_1=abs(RPM/WheelSpeed-GearlRatio)
<GearlThreshold and so on for each gear. Thus if none of
these are true, the clutch pedal is engaged.

[0060] The system can estimate the mass of the vehicle to
take into account changes in load from cargo. The system
uses the engine torque and measured acceleration to estimate
the mass. In simplest form, this says that M_total=Force_
Wheels/Acceleration. This may also be combined with vari-
ous smoothing algorithms to reject noise, including Kalman
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filtering, Luenberger observers, and others. This estimate is
then used in the control of the vehicle for the trajectory
generation, system fail-safes, the tracking controller, and to
decide when full braking power is needed. The mass is also
used to help determine the order of the vehicles on the road.
[0061] Many modifications and additions to the embodi-
ments described above are possible and are within the scope
of the present invention. For example, the system may also
include the capability to have passenger cars or light trucks
following heavy trucks. This capability may be built in at the
factory to the passenger cars and light trucks, or could be a
subset of the components and functionality described here,
e.g., as an aftermarket product.

[0062] The system may also include an aerodynamic
design optimized for the purpose of convoying, as shown in
FIG. 17. This may be the design of the tractor or trailer, or
the design of add-on aerodynamic aids that optimize the
airflow for the convoy mode. This design may correspond to
a specific speed, at which the airflow will be optimized for
the convoy mode.

[0063] For example, a hood may deploy, e.g., slide for-
ward, from the roof of the follower vehicle. Portions of the
hood may be textured (like an aerodynamic golf ball sur-
face) or may be transparent so as not to further obscure the
follower driver’s view. In another example, the existing
aerodynamic cone of a follower truck may be repositioned,
and/or the cone profile dynamically reconfigured, depending
on vehicular speed and weather conditions. This aerody-
namic addition or modification may be on the top, bottom,
sides, front, or back of the trailer or tractor, or a combination
thereof.

[0064] This aerodynamic design may be to specifically
function as a lead vehicle 1710, specifically as a following
vehicle 1720, or an optimized combination of the two. It
may also be adjustable in some way, either automatically or
manually, to convert between optimized configurations to be
a lead vehicle, a following vehicle, both, or to be optimized
for solitary travel.

[0065] The data link between the two vehicles may be
accomplished in one of several ways, including, but not
limited to: A standard patch antenna, a fixed directional
antenna, a steerable phased-array antenna, an under-tractor
antenna, an optical link from the tractor, an optical link using
one or more brake lights as sender or receiver, or others.
[0066] The data link, or other components of the system,
may be able to activate the brake lights, in the presence or
absence of brake pedal or brake application.

[0067] Other possible modifications include supplemental
visual aids for drivers of follower vehicles, including optical
devices such as mirrors and periscopes, to enable follower
drivers to get a better forward-looking view which is par-
tially obscured by the lead vehicle.

[0068] Any portion of the above-described components
included in the system may be in the cab, in the trailer, in
each trailer of a multi-trailer configuration, or a combination
of these locations.

[0069] The components may be provided as an add-on
system to an existing truck, or some or all of them may be
included from the factory. Some of the components may also
be from existing systems already installed in the truck from
the factory or as an aftermarket system.

[0070] The present invention is also intended to be appli-
cable to current and future vehicular types and power
sources. For example, the present invention is suitable for
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2-wheeler, 3-wheelers, 4 wheelers, 16-wheelers, gas pow-
ered, diesel powered, two-stroke, four-stroke, turbine, elec-
tric, hybrid, and any combinations thereof. The present
invention is also consistent with many innovative vehicular
technologies such as hands-free user interfaces including
head-up displays, speech recognition and speech synthesis,
regenerative braking and multiple-axle steering.

[0071] The system may also be combined with other
vehicle control systems such as Electronic Stability Control,
Parking Assistance, Blind Spot Detection, Adaptive Cruise
Control, Traffic Jam Assistance, Navigation, Grade-Aware
Cruise Control, Automated Emergency Braking, Pedestrain
detection, Rollover-Control, Anti-Jacknife control, Anti-
Lock braking, Traction. Control, Lane Departure Warning,
Lanekeeping Assistance, Sidewind compensation. It may
also be combined with predictive engine control, using the
command from the system to optimize future engine inputs.
[0072] Insum, the present invention provides systems and
methods for a Semi-Autonomous Vehicular Convoying. The
advantages of such a system include the ability to follow
closely together in a safe, efficient, convenient manner.
[0073] While this invention has been described in terms of
several embodiments, there are alterations, modifications,
permutations, and substitute equivalents, which fall within
the scope of this invention. Although sub-section titles have
been provided to aid in the description of the invention,
these titles are merely illustrative and are not intended to
limit the scope of the present invention.

[0074] It should also be noted that there are many alter-
native ways of implementing the methods and apparatuses
of the present invention. It is therefore intended that the
following appended claims be interpreted as including all
such alterations, modifications, permutations, and substitute
equivalents as fall within the true spirit and scope of the
present invention.

What is claimed is:

1. A computerized vehicular convoying control system,
useful in association with a plurality of vehicles to identify
one or more opportunities to form a convoy, the control
system comprising:

a central server remote from the plurality of vehicles, the
central server responsive to information regarding the
plurality of vehicles to determine a linking opportunity
between at least a first vehicle and a second vehicle in
the plurality of vehicles to form the convoy;

the information regarding the plurality of vehicles being
selected from the group consisting of: vehicle location,
vehicle destination, vehicle load, vehicle type, and
trailer type; and

a long-range Vehicular transceiver configured to enable
the central server to communicate the linking opportu-
nity to at least one of the first and second vehicles in the
plurality of vehicles;

the communication of the linking opportunity being such
that the first and second vehicles can initiate formation
of the convoy.

2. The convoying control system of claim 1, wherein the
central server determines the linking opportunity between
the first and second vehicles using the location and the
destination of each of the first and second vehicles.

3. The convoying control system of claim 2 wherein the
central server determines an ordering of the lead vehicle and
the at least one follower vehicle in accordance with at least
one of: a vehicle weight, a vehicle load, weather condition,
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road condition, fuel remaining, fuel saving, accrued linking
time, braking technology, brake pad wear, a vehicular link-
ing location, and a destination address.

4. The convoying control system of claim 2, wherein the
central server determines the linking opportunity by mini-
mizing a cost function computed using a distance between
the first and second vehicles and a distance between desti-
nations of the first and second vehicles.

5. The convoying control system of claim 1 wherein the
central server is configured to receive vehicular information
with the central server via the long-range vehicular trans-
ceiver, the vehicular information including one of actual fuel
savings of one of the lead vehicle and the at least one
follower vehicle, a vehicle location, a vehicular speed, a
direction of travel, a vehicular load, a vehicular destination,
driver information, a vehicular origin, a cargo classification,
an engine operating parameter, a controller performance
parameter such as a vehicular spacing, lateral positions
relative to another vehicle and the lane, a relative speed,
video data, and a control system malfunction.

6. The convoying control system of claim 1, wherein the
first vehicle and the second vehicle are trucks.

7. In a computerized vehicular convoying control system,
a method useful in association with a plurality of vehicles to
identify one or more opportunities to form a convoy of at
least first and second vehicles within the plurality of
vehicles, the method comprising:

communicating with the plurality of vehicles remote from
a central server, the central server responsive to infor-
mation regarding the plurality of vehicles to determine
a linking opportunity between at least the first vehicle
and the second vehicle to form the convoy;

the information regarding the plurality of vehicles being
selected from the group consisting of: vehicle location,
vehicle destination, vehicle load, vehicle type, and
trailer type; and

via the central server, communicating the linking oppor-
tunity to at least one of the first and second vehicles in
the plurality of vehicles;

the communication of the linking opportunity being such
that the first and second vehicles can initiate formation
of the convoy.

8. A computerized vehicular convoying control system,
useful in association with a plurality of vehicles to imple-
ment a convoy, the control system comprising:

a central server remote from the plurality of vehicles, the
central server responsive to information regarding the
plurality of vehicles to identify at least a first vehicle
and a second vehicle in the plurality of vehicles for the
convoy;

the information regarding the plurality of vehicles being
selected from the group consisting of: vehicle location,
vehicle destination, vehicle load, vehicle type, and
trailer type; and

a long-range vehicular transceiver configured to enable
the central server to instruct at least one of the first and
second vehicles in the plurality of vehicles to form the
convoy.

9. The convoying control system of claim 8, wherein the
central server instructs at least one of the first and second
vehicles in the plurality of vehicles to form the convoy.

10. The convoying control system of claim 9, wherein the
central server minimizes a cost function calculated using a
distance between the first and second vehicles and a distance
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between destinations of the first and second vehicles prior to
instructing the at least one vehicle to form a convoy.

11. The convoying control system of claim 8, wherein the
first vehicle and the second vehicle are trucks.

12. In a computerized vehicular convoying control sys-
tem, a method useful in association with a plurality of
vehicles to implement a convoy of at least first and second
vehicles within the plurality of vehicles, the method com-
prising:

communicating with the plurality of vehicles remote from
a central server, the central server responsive to infor-
mation regarding the plurality of vehicles to identify at
least the first vehicle and the second vehicle for the
convoy;

the information regarding the plurality of vehicles being
selected from the group consisting of: vehicle location,
vehicle destination, vehicle load, vehicle type, and
trailer type; and

instructing, via the central server, at least one of the first
and second vehicles in the plurality of vehicles to form
the convoy.

13. A vehicle communications system useful in associa-
tion with a plurality of vehicles, the vehicle communications
system comprising:

a processor, configured to select a lead vehicle and at least
one follower vehicle from the plurality of vehicles for
autonomous or semi-autonomous linking, the linking
selection based on two or more elements selected from
the group consisting of a vehicular location, a vehicular
destination, a vehicular type, and a trailer type;

a first communications link, responsive to remotely com-
municated information about the linking selection, to
communicate the linking selection to one or more of the
lead vehicle and the at least one follower vehicle, and

a second communications link for communication
between the lead vehicle and the at least one follower
vehicle.

14. The system of claim 13, wherein the first communi-
cations link is further configured to facilitate communica-
tions between the lead vehicle and the at least one follower
vehicle.

15. The vehicle communications system of claim 13,
wherein the processor is further configured to compute at
least one vehicular trajectory for smoothly and efficiently
managing long range coordination of the at least one fol-
lower vehicle with the lead vehicle.

16. In a server-based system useful in association with a
plurality of vehicles, a vehicular convoying method com-
prising:

selecting, by a server, a lead vehicle and at least one
follower vehicle from a plurality of vehicles for autono-
mous or semi-autonomous linking,

the linking selection based on two or more elements
selected from the group consisting of: a vehicular
location, a vehicular destination, a vehicular type, and
a trailer type;

receiving remotely communicated information about the
linking selection via a first communications link, and
communicating the linking selection to one or more of
the lead vehicle and the at least one follower vehicle,
and

communicating between the lead vehicle and the at least
one follower vehicle via a second communications link.



US 2017/0261997 Al

17. The convoying method of claim 16, further compris-
ing facilitating communications between the lead vehicle
and the at least one follower vehicle via the first communi-
cations link.

18. The convoying method of claim 16 further comprising
computing at least one vehicular trajectory for smoothly and
efficiently managing long range coordination of the at least
one follower vehicle with the lead vehicle.

19. A central server useful in association with a plurality
of vehicles, the server being located remotely from the
plurality of vehicles, the server comprising:

a processor configured to select, for either autonomous or
semi-autonomous linking, a lead vehicle and at least
one follower vehicle from the plurality of vehicles, the
processor determining the selected vehicles from a
database comprising data relating to the plurality of
vehicles,

the data for each of the plurality of vehicles comprising
two or more elements selected from the group consist-
ing of a vehicular location, a vehicular destination, a
vehicular type, and a trailer type; and

a first communications link, responsive to the processor
and configured to communicate the linking selection to
the lead vehicle and the at least one follower vehicle.

20. The central server of claim 19, wherein the processor
is further configured to compute at least one vehicular
trajectory for smoothly and efficiently managing long range
coordination of the at least one follower vehicle with the
lead vehicle.
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