
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau (10) International Publication Number

(43) International Publication Date WO 2019/014372 Al
17 January 2019 (17.01.2019) W !P O PCT

(51) International Patent Classification: (72) Inventors: TAM, Joyce; 1710 Valley Avenue, Pleasan-
G08G 1/00 (2006.01) G06Q 50/30 (2012.01) ton, California 94566 (US). CARROLL, Matthew, J.; 825
G08G 1/16 (2006.01) Live Oak Avenue, Unit B, Menlo Park, California 94025

(US). WINTERS, William, R.; 192 El Granada Blvd., El
(21) International Application Number:

Granada, California 94018 (US). SWITKES, Joshua, P.;
PCT/US20 18/04 1684

803 Emily Drive, Mountain View, California 94043 (US).
(22) International Filing Date: ROSARIO, Carlos; c/o Peloton Technology, Inc., 1060

11 July 2018 ( 11.07.2018) La Avenida Street, Mountain View, California 94043 (US).
HERBERT, Mark; c/o Peloton Technology, Inc., 1060 La

(25) Filing Language: English Avenida Street, Mountain View, California 94043 (US).
(26) Publication Language: English (74) Agent: BERNSTEIN, Frank, L.; SINGULARITY LLP,

(30) Priority Data: 555 Twin Dolphin Drive, Suite 610, Redwood Shores, Cal

62/53 1,293 11 July 2017 ( 11.07.2017) US ifornia 94065 (US).

(71) Applicant: PELOTON TECHNOLOGY, INC. [US/US]; (81) Designated States (unless otherwise indicated, for every
1060 La Avenida Street, Mountain View, California 94043 kind of national protection available): AE, AG, AL, AM,

(US). AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

(54) Title: METHODS, SYSTEMS, AND DEVICES FOR FLEXIBLE INTRA-FLEET, INTER-FLEET, AND AD HOC VEHICLE
COMMUNICATIONS, MONITORING, AND PLATOONING

—

100
FIG. 1

(57) Abstract: [01 15] Methods and apparatus to effect platooning of vehicles within a fleet of vehicles, or between fleets of vehicles,
facilitate platooning at different stages. In one aspect, a network operations center (NOC) may instruct vehicles, either inter-fleet or
intra-fleet, to platoon. In one aspect, that instruction may occur before vehicles begin their routes. In another aspect, the instruction may
occur as vehicles are traveling along their routes. In yet another aspect, drivers may choose their own platooning partners while they are
en route. To select a platooning partner, a driver may use physical characteristics and/or attributes of drivers and their vehicles. In one

© aspect, a driver may rely on personal characteristics and/or attributes of drivers. These personal characteristics and/or attributes may be
input into the system as part of driver registration, via an application or app in an in-vehicle apparatus or on a smartphone.
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METHODS, SYSTEMS, AND DEVICES FOR FLEXIBLE INTRA-FLEET,
INTER-FLEET, AND AD HOC VEHICLE

COMMUNICATIONS, MONITORING, AND PLATOONING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. Patent Application No. 62/521 ,293, filed

July 11, 2017, and incorporated by reference in its entirety herein.

FIELD OF THE DISCLOSURE

[0002] This application relates generally to methods, systems and devices that improve

communications for safety, diagnostics, analytics and fuel savings for vehicles,

including but not limited to enabling at least a second vehicle to follow, safely, a first

vehicle at a close distance in an automated or semi-automated manner. More

particularly, the present disclosure relates to methods, systems, and devices that

perform the foregoing functions for vehicles which may be in the same fleet; in

different fleets; or in no fleet at all.

BACKGROUND

[0003] Enabling a vehicle to follow closely behind another vehicle safely through partial

or full automation has significant fuel savings and/or safety or labor savings benefits,

but is generally unsafe when a driver tries to control the following manually.

Platooning or convoying approaches are known in which pairs of vehicles can draft,

one behind the other, in autonomous or semi-autonomous fashion.

[0004] It would be desirable to increase the number of platooning/convoying

opportunities, in order to achieve additional fuel, safety, and/or labor savings.

[0005] In addition, when drivers are in a platoon, they may wish to communicate with

each other, talking about things other than their jobs or the particular platoon in

which they are connected. It would be desirable to enable drivers to be able to

share information about themselves with potential platoon mates.

SUMMARY

[0006] In accordance with the foregoing, according to aspects of the present invention,

vehicles from different fleets may be able to platoon with each other. This so-called



inter-fleet platooning provides additional opportunities for savings and efficiencies,

beyond those resulting from vehicles from the same fleet platooning (so-called intra-

fleet platooning).

[0007] According to other aspects, independent drivers, or drivers in companies with

small numbers of vehicles, can platoon with drivers in larger fleets.

[0008] In addition, according to other aspects, a central system may coordinate drivers

in different geographical areas, and may alert drivers in relative geographic proximity

to each other about platooning opportunities. In one aspect, the system may assign

drivers to a platoon. In other aspects, the system may offer lists of potential platoon

mates to drivers, and thus allow a driver to select his/her platoon mate according to

the driver's own subjective criteria, in addition to the criteria that the central system

uses to assemble such lists.

[0009] In the following description, terms such as "convoy" and "platoon" are used

synonymously. "Pairing" also may be used to describe vehicles which are going to

be in a convoy or a platoon. "Close following" applies to all of these terms, and in

appropriate circumstances may be considered to be synonymous with these terms

as well, though the concepts presented apply to vehicles at various following

distances. For example, in a situation in which a convoy or platoon is interrupted on

a short-term basis, such as when another vehicle comes between two platooned

vehicles in the course of a multiple lane change, the driver of the following vehicle in

the platoon may apply the brakes to provide greater distance between the lead

vehicle and the following vehicle. That greater distance may be greater than would

be the case when the vehicles are platooned, but the two vehicles still may be

considered to be close to each other. As another example, two vehicles which are

not platooned may either be in the process of forming or re-forming a platoon, or

may be sufficiently close together for there to be consideration of platoon formation.

In any of these instances, the vehicles may be sufficiently close to each other to

allow certain types of short-range intervehicle (vehicle-to-vehicle, or V2V)

communications. In that circumstance, the following vehicle may be considered to



be closely following the lead vehicle. The two vehicles also may be considered to be

paired in all of those circumstances as well.

[0010] It will be appreciated by those skilled in the art that the various features of the

present disclosure can be practiced alone or in combination. These and other

features of the present disclosure will be described in more detail below in the

detailed description of the disclosure and in conjunction with the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[001 1] In order to describe the various aspects of the present disclosure, some detailed

description now will be provided, by way of illustration, with reference to the

accompanying drawings, in which:

[0012] FIG. 1 is a high-level diagram of the overall system;

[0013] FIG. 2 is a high-level diagram of aspects of the smart pairing system;

[0014] FIG. 3 is another high-level diagram of the overall system;

[0015] FIG. 4 is a flow diagram depicting aspects of platooning sequences;

[0016] FIG. 5 is a flow diagram depicting other aspects of platooning sequences;

[0017] FIG. 6 is a diagram depicting aspects of cluster platooning;

[0018] FIG. 7 is a flow diagram depicting aspects of a platooning activity and interaction

with an application on a smartphone;

[0019] FIGS. 8A-8H are views of smartphone displays showing aspects of an

application;

[0020] FIG. 9 depicts some aspects of a label which may be affixed to a trailer in

accordance with an embodiment;

[0021] FIG. 10 depicts a trailer in proportion, in accordance with an embodiment;

[0022] FIG. 11 depicts an exemplary QR code in accordance with an embodiment.

DETAILED DESCRIPTION

[0023] For proper understanding of aspects of the present application, while the

invention is not to be considered as limited by the following descriptions, some



exemplary characterizations such as those presented immediately below may be

helpful.

[0024] Platooning occurs when one of two vehicles drafts behind the other, reducing

overall wind resistance and increasing fuel savings. When the gap between a lead

vehicle and a following vehicle is monitored and controlled in accordance with

aspects of the present invention, the following vehicle can maintain a reasonable

and prudent distance behind the lead vehicle while being significantly closer to the

lead vehicle than manual driving would allow. In some instances or contexts,

drafting of vehicles, one behind another, is referred to as convoying. As noted

earlier, in the present application, it will be understood that platooning and convoying

may be used interchangeably.

[0025] Platoonable Route/Road: Describes conditions of a road segment or route that

meet the operating conditions allowable for platooning as set forth by a central

system, or network operations center, which may include but are not limited to road

type, traffic patterns, and weather conditions.

[0026] Platoon Alliance: A formal agreement between two or more fleet companies to

cooperate to platoon vehicles together on approved roads.

[0027] Federal Motor Carrier Safety Administration (FMCSA): A federal agency whose

primary mission is to reduce crashes, injuries, and fatalities involving large trucks

and buses.

[0028] Compliance, Safety and Accountability (CSA) CSA is a data-driven safety

compliance and enforcement program of FMCSA, designed to improve safety and

prevent commercial motor vehicle (CMV) crashes, injuries, and fatalities. CSA

consists of three core components; the Safety Measurement System (SMS);

interventions; and a Safety Fitness Determination (SFD) rating system to determine

the safety fitness of motor carriers.

[0029] Hours of Service (HOS): The United States Department of Transportation (DOT)

regulates the number of hours a truck driver may drive per day as well as the total

number of hours he or she may work per day and per week. These rules are put in



place for both the safety of the drivers and others on the road and it is for

commercial motor vehicle drivers.

[0030] Although the descriptions presented here may apply to convoy or platoon

formation for any number of vehicles and vehicle types, including cars, vans, off-

road vehicles, heavy machinery trucks, buses, semis, or tractor-trailer combinations,

and may be used for driver-assist (semi-autonomous) vehicles or fully autonomous

vehicles, the examples being focused on here involve platooning tractor-trailer

trucks, for which the convoying or platooning of suitable vehicles for drafting while on

the highway can lead to significant fuel savings.

[0031] Likewise, although most examples disclosed here use pairing between two

vehicles, the techniques may be used to form and optimize convoys of three, four, or

even more vehicles as well.

[0032] Aspects of the present invention are designed to orchestrate and maximize

vehicle platooning for multiple fleets. The inventive system is capable of servicing a

company with a small number of vehicles, and can scale to support tens of

thousands of vehicles in a fleet and across multiple fleets. Vehicles in an

organization equipped with such a system can be paired with other vehicles from

various different fleets, activity which in the present application is referred to as

"Inter-Fleet Platooning."

[0033] FIG. 1 depicts, at a high level, a platooning scheduling and coordination system

100. At the heart of the system 100 is a network operations center, or NOC 110 ,

which functions in the cloud. The NOC performs a number of functions, among

which are the management and monitoring of vehicles to orchestrate and supervise

platooning. The NOC 110 , accesses and analyzes a very substantial amount of

data, both stored and streaming, to assess platooning possibilities and platooning

candidates, and to authorize platooning. Among the data sources are traffic and

road conditions (from source 120), weather (from source 130), and federal, state,

and local regulations (from various sources, labeled here for convenience as 135).

As ordinarily skilled artisans will appreciate, some of this data changes frequently

and, in some cases, according to a general pattern. For example, traffic in certain



areas may be heavier at some times than others, but in any event, can be

monitored, and periodically updated information provided to NOC 110 . Weather

data tends to be somewhat less regular, notwithstanding seasonal conditions, and

again, can be monitored, and periodically updated information provided to NOC 110 .

Federal, state, and local laws and regulations have different sources, and tend to

change far less frequently.

[0034] In addition, vehicle fleets 140a, 140b, 140m-1 , 140m, each comprising a

plurality of vehicles, communicate with NOC 110 to provide a variety of vehicle and

fleet-related information, including geographic location, a wide range of vehicle

characteristics and statistics, scheduling information, and driver information. Within

NOC 110 is algorithm ically-based intelligence (here, termed a smart pairing module

115) that applies rules to all this information, vast quantities of information from large

and in many instances highly geographically dispersed sources, in order to identify

and facilitate potential platooning opportunities, to instruct platoon formation, and/or

to control platoons once they are formed, depending on the embodiment.

[0035] Ordinarily skilled artisans will appreciate that, depending on all of the above

types of information and the physical conditions signified therein, the kind of rules-

based platoon formation and instruction described here can weight different factors

differently under various circumstances in order to arrive at appropriate platooning

decisions. Sometimes weather severity will play a very prominent, if not overriding

role, and therefore will be given a great deal of weight. When weather is more

benign, other factors such as vehicle condition and geographical location, may be

given greater weights. Sometimes road condition, including either traffic or

construction or both, can play an overriding role, and therefore will be given a great

deal of weight in those circumstances. In addition, as will be discussed in more

detail herein, not only driver performance but also driver preferences for platoon

mates can play a significant role in platoon assignments. All of the foregoing is

carried out in the context of specific federal, state, and local laws and regulations,

which themselves may play an overriding role and therefore may be given a great

deal of weight.



[0036] In addition to providing platooning authorization, in one aspect the NOC 110 can

connect to various third party systems which schedule different unrelated vehicle

fleets. Some fleets will program their own scheduling, and others will use such third

party systems. Through such connections, the NOC 110 can request established

work plans or driver/truck schedules for these different fleets, and can combine that

information with other accessed data about local geographic and meteorological

conditions, as well as road and traffic conditions, to develop an optimal pairing

departure schedule for a number of vehicles simultaneously - as many as several

thousand, according to one aspect. If vehicles are not already paired automatically

through the scheduling system or manually by a driver, the NOC 110 can create ad-

hoc on-road vehicle pairs. Once the NOC 110 establishes such a vehicle pair, the

NOC 110 can recommend a place for drivers to meet to initiate platooning. In one

aspect, a scalable ad-hoc pairing algorithm recommends pairs based on, among

other things, multiple fleet profiles, vehicle distance apart, time apart, vehicle

configuration (tractor/trailer), driver's availability, hours of service, current/future

locations, driver attributes, safety profiles such as CSA scores, stops, weather,

routes and any platooning attributes. The smart pairing module 115 can perform

pairing, scheduling and dispatching of fleet vehicles for platooning. The smart

pairing module 115 may be run in the NOC 110, or separately from the NOC 110.

[0037] In one aspect, the NOC is cloud-based, and in an embodiment will have built-in

redundancy to maintain uptime. The NOC 110 may include multiple data centers, all

located in the cloud.

[0038] In one aspect, paired drivers can communicate through a short or long range

communication system similar to push-to-talk (PTT) technologies, allowing

communication over high speed network carrier connections, WiFi, or a vehicle-to-

vehicle dedicated short range communication (DSRC) connection. In an

embodiment, the communications between the NOC 110 and individual vehicles,

between the NOC 110 and different fleets, and between paired drivers, may be

encrypted for security. Such security and encryption also may be applied to data

within the NOC 110 itself. In an embodiment, communications block 150 may be

part of NOC 110 or, as depicted conceptually in FIG. 1, may be separate.



Communications block 150 can manage communication between the NOC 110 and

the various fleets and the vehicles in those fleets. In an embodiment, communication

between vehicles, for example, paired vehicles or vehicles whose drivers are

considering pairing, may be handled locally between and among the vehicles, either

between fleets, within a given fleet, or with individual vehicles. As an example,

communications block 150 may communicate with vehicles 162a, 162b, 162n-1 ,

162n. These vehicles 162a, 162b, ... , 162n-1 , 162n may be part of a fleet, or of

more than one fleet, or of no fleet. One or more of the drivers for these respective

vehicles may have an apparatus 160a, 160b, 160n-1 , 160n, containing an

application which communicates with the NOC 110 . In an embodiment, the

apparatus 160a, 160b, 160n-1 , 160n may be an in-vehicle apparatus running the.

In an embodiment, the apparatus 160a, 160b, 160n-1 , 160n may be a

smartphone running the application. In-vehicle apparatus and smartphone-based

apps may not be mutually exclusive. Either or both may be employed.

[0039] In one aspect, in-vehicle platooning systems have 4G, 5G, LTE, and Wi-Fi

connections which are always on, and bi-directional. In one aspect, the system can

send time sensitive or required data over 4G/5G/LTE and all other data over less-

expensive Wi-Fi. In-vehicle platooning systems can send detailed system logs over

Wi-Fi, including information about system health, on-road locations, safety, and any

key operational and business information. These high volume data will be collated

and used to generate analytics for users who are tracking platoon utilization, safety,

and fuel economy. In an embodiment, the NOC 110 will monitor and track all

relevant vehicle activities whenever a vehicle's ignition is on.

[0040] In one aspect, a mobile application or app, which will be discussed in more detail

herein, may run on mobile or cellular smartphones using operating systems such as

Android, iOS, or Windows, among others. The mobile application can help drivers

engage in platooning activities. Among the capabilities for the application are driver

setup, platoon engagement coordination, platoon performance tracking, and partner

driver rating. In one aspect, the mobile application may be synchronized with an in-

vehicle display, or with voice-based notifications, so that the drivers can access the



app in or out of the vehicle. Other versions of the mobile application may be devised

for other cellular or Wi-Fi enabled devices (e.g. other cellular phones, tablets, etc.).

[0041] In one aspect, a social networking aspect may be provided for the mobile app, so

that a driver looking to platoon with particular kinds of drivers can provide relevant

profile information to enable other drivers to view information about that driver, and

either volunteer to platoon, or express a preference not to platoon.

[0042] In one aspect, once paired vehicles are in range to platoon, the system can guide

the drivers to initiate a platooning session.

[0043] Platooning Dashboard Analytics: In one aspect, the system uses data to improve

orchestration of platooning within a fleet or across multiple fleets, and to maximize

both current and future platooning activities. Results are monitored and retained,

and may be used to inform further platooning decisions.

[0044] In one aspect, the NOC may plan, authorize, pair, and orchestrate platooning

across one or more fleets. The smart pairing algorithms consider an array of factors

in pairing optimization and optimization goals to determine actions drivers and

dispatchers can take. FIG. 2 depicts, at a high level, the flow of operation of the

smart pairing algorithms. The smart pairing algorithms are part of an optimization

engine 220, which takes into account numerous factors 2 10 , discussed below, in

conjunction with optimization goals 220. The optimization engine takes the factors

2 10 and the goals 220 to produce platooning plans 230.

[0045] Tables IA and IB show some examples of categories, and factors within those

categories, considered in pairing optimization. For Table 1A , the exemplary

categories include physical information about a vehicle, including a vehicle

comprising a tractor and a trailer in one aspect. For Table IB, the exemplary

categories include road information, including road condition road gradient; potential

routing information, including trip start location, trip end location, and turn by turn

directions; and potential scheduling information, including trip start time, trip end

time, number of trip stops, and duration of trip stops,



[0046] All of the categories in Tables 1A and 1B are exemplary. Ordinarily skilled

artisans will appreciate that such items as vehicle physical information, road

information, routing information, and scheduling information can include other items.

[0047] In any pairing optimization scenario, some or all of these categories and factors

may be taken into account. Suitable algorithms may weight various factors

differently; may count certain factors if certain other factors are to be counted; may

exclude certain factors if certain other factors are to be excluded; or may relate

weighting of certain factors to each other in a predetermined manner. The weighting

can vary depending on any or all of the parameters set forth in the table. Ordinarily

skilled artisans will appreciate that certain parameters, such as cargo type and

weight for example, together can have a significant impact on how a tractor-trailer

combination will perform, and therefore can affect that tractor-trailer combination's

position in a platoon.

[0048] Table IA.

[0049] Table 1B :



Authorization of Route by Trip Duration Position in Platoon (lead or
NOC follow)

Turn-by-Turn directions Stop Duration

Trip Start Location

Trip End Location

En Route Stops

Traffic

Weather

State/Federal Regulations

Communications
(LAN/WAN/cell)
coverage/outages

[0050] Looking at aspects of Tables IA and IB, for example, if a vehicle has a liquid load

that can shift readily while the vehicle is in motion, pairing opportunities for that

vehicle may need to be adjusted and/or limited, taking into account things like road

conditions or road gradients (e.g. number and type of curves, hills, impact of weather

on road traction). Weighting of such characteristics within the algorithms discussed

above may be adjusted accordingly. As another example, data such as overall

driver experience, driver platooning experience, driver fatigue, vehicle age, vehicle

maintenance status (as reflected for example in tractor and/or trailer braking

characteristics), may be given different weights.

[0051] The examples provided herein are not intended to be limiting. Ordinarily skilled

artisans will appreciate that any and all of the characteristics mentioned generally

above will have different degrees of granularity and detail, and will be factored in

with routing and scheduling factors mentioned in Table IB.

[0052] Tables IIA and MB present some examples of factors considered in pairing

optimization. The data in Tables IA and IB (including weather, traffic conditions,

other road or external conditions, refueling locations, schedule, arrival window, hours

of service, and driver trip goals) will be available, and can be factored in to the

overall planning algorithm for setting platoons. Tables IIA and MB also include goals,

such as fuel consumption, delay, wear and tear, and platooning miles. Balancing



these goals, as well as taking into account the available Table IIA/IIB data and Table

lA/IB data, may well result in tradeoffs among these goals. Planning algorithms can

manage those tradeoffs depending on fleet, manager preference, and/or any of the

data in Tables IA/IB and IIA/IIB.

[0053] Table MA.

[0054] Table MB.

[0055] Table III presents various actions that can be taken. In one aspect, in Table III,

any of the information exchanges or actions in the left-hand column can be

presented to and/or taken by any of the actors in the middle column, including the

driver, the fleet manager, the supervisor, or the vehicle, alone or together. The

result can be communicated or displayed using any of the options presented in the

right-hand column. For example, based on the input factors and goals, the engine

may prescribe a change in the speed governor of the platoonable vehicles to

maximize fuel consumed. The changed governing speed information may be

displayed on the in-vehicle display. As another example, a departure time may be

changed based on the input factors and optimization goals. The driver and the fleet



manager then would receive revised trip plans accessible via the mobile application,

the display and/or a web browser.

[0056] Table III.

[0057] In one aspect, one or more of the following methods may be used to determine

the best pairing strategy:

[0058] Intra-fleet Pairing assesses information such as vehicle attributes and/or

configuration (tractor/trailer), driver attributes, route attributes, cargo, weather

condition, fuel strategy, platoon position and schedule attributes, for a single fleet, to

pair candidates for optimal platooning, whether for each individual pair (to

accomplish the longest-distance platoon for that respective pair) or for the overall

fleet (to accomplish optimal results, in accordance with overall fleet algorithms which

may be invoked. In one aspect, this method optimizes platooning opportunities for a



particular fleet. Intra-fleet pairing can apply to fleets of a wide variety of sizes, from

small fleets such as owner-operator fleets, which may have only a few vehicles, to

fleets with hundreds or thousands of vehicles.

[0059] Inter-fleet Pairing searches across multiple fleets which have established an

alliance to platoon together, and identifies optimal pairings for pairable vehicles.

This method also considers the same attributes referred to immediately above in

connection with intra-fleet pairing, but for vehicles in multiple fleets, to pair

candidates for optimal platooning. Unlike intra-fleet platooning, in one aspect inter-

fleet platooning may seek to optimize platooning for particular vehicle pairs, as

compared with overall platooning performance for a particular fleet. Optimizing

platooning for particular pairs may entail finding pairs, from different fleets, which

can platoon the longest distance en route. Fleet size in inter-fleet pairing is not

limited to large fleets. For example, fleets who decide to form an alliance for

platooning purposes may have hundreds or thousands of vehicles, or may be small

owner-operator type fleets of the type mentioned earlier. In one aspect, multiple

small fleets may form an alliance for platooning. Some such fleets may be regional

or national, and may have different alliances in different parts of the country. Small

fleets may ally with large fleets for platooning purposes as well.

[0060] Ad-Hoc Pairing manages pairing that is not set when vehicle routes are being

planned. Aspects of intra-fleet pairing and inter-fleet pairing can involve analysis of

planned routes either within a fleet or between or among multiple fleets, before

vehicles depart on their routes. In comparison, in ad-hoc pairing the NOC can pair

vehicles while they are en route. For example, a vehicle, or perhaps multiple

vehicles, in the same or different fleets, may have unscheduled stops, or may

encounter unexpected conditions which alter travel schedules. In such

circumstances, it may be beneficial to enable drivers to reach out to each other, or

for the NOC to re-evaluate pairing opportunities, to provide altered pairing

possibilities. In one aspect, when drivers reach out to each other, factors in addition

to safety and performance parameters discussed herein may come into play. Driver

familiarity with another driver, or favorable driver reaction to another driver's profile

accessed through a mobile app, may prompt particular pairing decisions.



[0061] Clustered Pairing - in one aspect, it is possible to recommend a departure

window and/or a route for a group of vehicles, some or all of which may be

candidates for platooning, but without pairing any vehicles at the time of setting the

departure window and/or route. This method is designed to cluster vehicles to leave

around an ideal time and drive on an ideal route so that, when one or more fleet

vehicles reach the beginning of a platoonable road segment, the NOC can use the

ad-hoc pairing method, to pair the clustered vehicles from different fleets.

[0062] In the foregoing methods, as ordinarily skilled artisans will recognize, optimizing

one platoon in terms of number of miles and/or amount of time platooning may be

sub-optimal for other potential platoons. Accordingly, in one aspect, relevant

algorithms may look at an overall goal, such as overall fuel savings for a fleet, or

shares of fuel savings across fleets, or fuel savings for particular ad-hoc vehicle

pairs, and may perform necessary tradeoffs in order to optimize the larger goal.

[0063] In FIG. 3 , A third party scheduling system 320, such as McLeod, Omnitracs, or

TMWs Scheduler module can provide a planned schedule to smart pairing module

115 via web services or standard APIs. Inputs along the lines discussed previously

can help further refine optimization of platooning and refine vehicle departure times.

The NOC 110 , in conjunction with smart pairing module 115 , can perform necessary

analysis and prescribe changes needed to optimize platooning, but also can take

into consideration any limitations or restrictions that the third party scheduling

system may set. The NOC 110 sends revised routes or departure times to the third

party scheduling system 320, which then communicates the revised routes, in one

aspect via communications block 150 to drivers. Drivers may be in fleet 360, or fleet

390, or may be independent. Each driver in one of the fleets has a vehicle which

may have an in-vehicle display system running an application which communicates

with NOC 110. In an embodiment, one or more drivers may have a smartphone

running an application (app) which can communicate with NOC 110 .

[0064] In an embodiment, the NOC may have a built-in scheduling tool, which

dispatchers could use if their fleet does not use a third party scheduling system, or

which optionally may be used even if that fleet also uses a third party system.



[0065] The third party scheduling system 320 provides route and schedule inputs that

may include departure/arrival plans, the length of time that a driver is allowed on the

road, the driver's hours of service, route plans, and the like.

[0066] Once the platoon plan is established, the platoon pairing information is delivered

to the driver and the output is displayed on the screen in the vehicle so that drivers

can speak with and rendezvous with the paired partner.

[0067] Once the platoon plan or pairing information is established, the information goes

back to the third party system for dispatch to the driver. In one embodiment, the

plan may be dispatched directly from the NOC on the mobile application so that

when the driver is not in his/her vehicle, the driver can still get the latest updates

from the NOC. When the driver is in his/her vehicle, the pairing information may be

displayed in the vehicle.

[0068] The foregoing discussion is applicable to any of the pairings that the smart

parting module can perform, from intra-fleet pairing, to inter-fleet pairing, to clustered

pairing within and between fleets, to ad hoc pairing.

[0069] In one embodiment, the NOC can calculate platooning optimization for fleets of a

few, a few hundred, or a few thousand vehicles. Optimization may be a simple

algorithm of recognizing which vehicles share a forecast route, or may be a more

complex algorithm using some or all of the factors listed in the foregoing Tables l-lll,

and discussed above.

[0070] In accordance with some embodiments of the present invention, an automated,

computerized system, such as the NOC described herein, can carry out these

optimization calculations at far faster and on a much larger scale than any human

dispatcher could. Furthermore, the NOC may update its information from the

individual vehicles and recalculate the optimization at a rate as fast as 10 Hz (i.e.

every 0.1 seconds, a data refresh rate which is used in some aspects of the on

board systems), but may more practically update and recalculate every one or two

seconds. The algorithms and accompanying computer equipment functioning as

described herein are indispensable to the effecting of platoon optimization.



[0071] Regardless of whether intra-fleet platooning or inter-fleet platooning is to be

carried out, in one embodiment the smart pairing module 115 may consider the

following characteristics, among others, when making pairing decisions, consistent

with the foregoing Tables l-lll and the accompanying discussion:

- Vehicle engine type, braking system configuration, stop distance accounting

for load, adaptive cruise control performance, predictive cruise control, and

the like

- Driver safety scores, active commercial driver's license, platooning

experience, total vehicle miles driven, driver profile, driver-entered style and

performance

- Routes driven by the platoonable vehicles from departure to arrival

- Historical or previously set departure time, arrival time and trip window

- Authorized platoonable conditions and restrictions set by the NOC

- Governed speed or the ability to adjust the governed speed of the vehicle

- Rules and conditions signed by fleets that have agreed to platoon together

[0072] This list is not intended to be all inclusive, and other factors, known to ordinarily

skilled artisans, also may be considered in making pairing decisions.

[0073] In one aspect, pairing, platooning, or convoying may be performed after vehicles

have departed, instead of being performed prior to vehicle departure. According to

embodiments, either the driver of a suitably equipped vehicle, or the smart pairing

module 115, can initiate ad-hoc pairing after departure. Driver initiated pairing can

be performed at a stop or while vehicles are en route.

[0074] FIG. 4 illustrates an embodiment of workflow of a driver-initiated pairing request

at a stop location with another driver of a suitably equipped vehicle. There are three

portions to this Figure. "Driver 1" is a driver who is available to pair, and who

receives a pairing request. "Driver 2" is a driver who is available, and who sends a

pairing request. "Smart Pairing System," or SPS, is the NOC, or some portion of the

NOC, that has information, of the type listed in detail earlier, about vehicles in

various geographic locations. Such information includes among other things,



conditions such as proximity, vehicle availability, platoonable road condition, driver

status, routes and other platoon attributes where the system prescribes ad-hoc

pairing. In some embodiments, the SPS has intelligence to work with drivers and

their vehicles to effect platooning after drivers have selected each other.

] The following table shows the various actions among Driver 1, Driver 2 , and the

SPS. It should be noted that some of the actions described below may occur in

parallel, or at different times. Position in the table below does not imply sequence.

Also, the indications of "Driver 1" and "Driver 2" do not imply any kind of supremacy

as between the two. Initiation by one driver in one embodiment just as easily could

be initiation by another driver in another embodiment.



Driver 1 Driver 2 SPS

At 405, Driver 2 sees the
pairing list

At 408, Driver 2 selects a
partner from list (in this
case, Driver 1)

At 409, the SPS receives
the selection from Driver 2
and initiates a platooning
request to Driver 1

At 4 10 , Driver 1 sees the
platooning request

At 4 13 , Driver 2 requests At 415, Driver 2 receives
to initiate communication the communication
with potential platooning request from Driver 1 and
partner (in this case, initiates communication
Driver 2). In one aspect, between Driver 1 and
communication could be Driver 2
via push to talk.

At 416, Driver 1 At 4 17 , Driver 2
communicates with Driver communicates with Driver
2 re platooning; in one 1 re platooning; in one
aspect, this occurs via a aspect, this occurs via a
push to talk (PTT) push to talk (PTT)
mechanism which allows mechanism which allows
drivers to communicate drivers to communicate
when their vehicles are when their vehicles are
connected to each other, connected to each other,
for example through for example through
DSRC, or both vehicles DSRC, or both vehicles
are connected to the NOC, are connected to the NOC,
for example, via LTE. for example, via LTE.
Alternatively, drivers can Alternatively, drivers can
use a smartphone app to use a smartphone app to
talk to each other. In one talk to each other. In one
aspect, the smartphone aspect, the smartphone
app may use a VoIP app may use a VoIP
connection to establish connection to establish
voice communication. voice communication.

If both parties wish to
platoon with each other:

At 4 19 , Driver 1 accepts At 420, Driver 2 accepts



Driver 1 Driver 2 SPS

the pairing with Driver 2 the pairing with Driver 1

At 422, Driver 1 informs At 423, Driver 2 informs At 427, the SPS receives
the SPS of Driver 1's the SPS of Driver 1's unavailability status from
unavailability for other unavailability for other Driver 1 and Driver 2 . The
platooning (because of the platooning (because of the SPS sends the pairing
pairing with Driver 2) pairing with Driver 1) acceptance to the

respective navigation
systems of Driver 1 and
Driver 2 . Driver 1 and /or
Driver 2 can use turn-by-
turn navigation to
determine a route to take
and/or a speed to drive to
meet up with their
respective partner.
Alternatively, the SPS can
suggest a rendezvous
point for both Driver 1 and
Driver 2 , and in one
embodiment, can guide
them there. According to
embodiments, the
rendezvous point could be
on the road while the
vehicles are moving, or at
a stop location. Once the
vehicles are in proximity
with each other, the SPS
can guide the vehicles into
position

If either party (or both
parties) does not wish to
pair with the other:

At 425, Driver 1 rejects At 426, Driver 2 rejects
pairing with Driver 2 pairing with Driver 1. Both

drivers can reject each
other, or one can reject the
other

At 428, Driver 1 informs At 429, Driver 2 again
the SPS of availability to sees the pairing list from
platoon (because of the the SPS
rejected pairing with Driver
2)



[0076] In one aspect, in the scenario that FIG. 4 illustrates, one of the drivers (Driver 2)

sees a list of potential platooning partners. If one of the potential partners on the list

is suitable, Driver 2 selects one of those potential partners, and the two drivers (in

this case, Driver 1 and Driver 2 negotiate a platoon. As part of that negotiation, I

one aspect the NOC/SPS may provide information about a number of different

items, including potential platooning starting and ending points and durations. As

alluded to earlier, in the course of the NOC/SPS compiling a list of potential

platooning partners, in one aspect, the list provided to the driver (here, Driver 2) may

not contain every potential platooning partner. Rather, the NOC/SPS may decide,

based on the overall constitution and geographic dispersion of a fleet (in the case of

interfleet platooning), or of trucks in the general geographic area (in the case of

intra-fleet or ad hoc platooning), that certain potential partners should be excluded

from that particular list, as they may be better suited for other potential platooning

partners, for a variety of reasons, related for example to overall fuel savings and

other efficiency aspects which represent either longer-term or overarching objectives

beyond individual potential pairings.

[0077] FIG. 5 illustrates an embodiment of workflow of SPS-initiated pairing based on

conditions such as proximity, vehicle availability, platoonable road condition, driver

status, routes and other platoon attributes where the system prescribes ad-hoc

pairing. As with FIG. 4 , there are three portions to this Figure. "Driver 1" is a driver

who is available to pair, and who receives a pairing request. "Driver 2" is a driver

who is available, and who sends a pairing request. "Smart Pairing System," or SPS,

is the NOC, or some portion of the NOC, that has information, of the type indicated

earlier, about vehicles in various geographic locations. In some embodiments, the

SPS has intelligence to work with drivers and their vehicles to effect platooning.

[0078] The following table shows the various actions among Driver 1, Driver 2 , and the

SPS. It should be noted that some of the actions described below may occur in

parallel, or at different times. Position in the table below does not imply sequence.

Also, the indications of "Driver 1" and "Driver 2" do not imply any kind of supremacy



as between the two. Initiation by one driver in one embodiment just as easily could

be initiation by another driver in another embodiment.



Driver 1 Driver 2 SPS

2 (e.g. through PTT or 1 (e.g. through PTT or between Driver 1 and
other communication other communication Driver 2
medium using an medium using an
appropriate network), and appropriate network), and
discusses possible pairing discusses possible pairing

If both parties wish to
platoon with each other:

At 5 13 , Driver 1 accepts At 514, Driver 2 accepts
the pairing with Driver 2 the pairing with Driver 1

At 516, Driver 1 informs At 5 17 , Driver 2 informs At 5 18 , the SPS receives
the SPS of unavailability the SPS of unavailability unavailability status from
for other platooning for other platooning Driver 1 and Driver 2 . The
(because of the pairing (because of the pairing SPS then sends the
with Driver 2) with Driver 1) pairing acceptance to the

respective navigation
systems of Driver 1 and
Driver 2 . Driver 1 and/or
Driver 2 can use turn-by-
turn navigation to
determine a route to take
and/or a speed to drive to
meet up with their
respective partner.
Alternatively, the SPS can
suggest a rendezvous
point for both Driver 1 and
Driver 2 , and in one
embodiment, can guide
them there. According to
embodiments, the
rendezvous point could be
on the road while the
vehicles are moving, or at
a stop location. Once the
vehicles are in proximity
with each other, the SPS
can guide the vehicles into
position.

If either party does not
wish (or both parties do
not wish) to pair with the
other:



Driver 1 Driver 2 SPS

At 5 19 , Driver 1 rejects At 520, Driver 2 rejects
pairing with Driver 2 pairing with Driver 1. Both

drivers can reject each
other, or one can reject
the other

At 522, Driver 1 informs At 523, Driver 2 informs At 503a, the SPS again
the SPS of availability to the SPS of availability to receives status indications
platoon (because of platoon (because of from Driver 1 and Driver 2
rejection of pairing with rejection of pairing with
Driver 2) Driver 1)

[0079] In one aspect, a type of pairing, termed clustered pairing herein, can involve the

same or different fleets adjusting departure times and/or routes so that pairing can

be performed closer to or at the beginning of a platoonable stretch of road. Drivers

can access the time and approximate location of where the clusters will meet. If a

driver misses one cluster, the NOC can provide the next cluster meetup schedule.

Once the clustered vehicles arrive at the platoonable stretch of road, or other place

at which they can be paired, the NOC can perform ad-hoc pairing.

[0080] When clusters are on the platoonable road moving at different speeds, vehicles

that are at stops and are re-entering the platoonable road can also access

information about the cluster status using a mobile application (described herein) or

an in-vehicle display so that a vehicle at rest may find the best available partner en

route with which to platoon. When fleets enter the platoonable road at a different on-

ramp or at another place, those fleets also may join a moving cluster.

[0081] In some aspects, using standard turn-by-turn navigation, for example, via a

mobile application, may not be sufficient to get drivers to a platooning rendezvous

point successfully. For example, standard navigation applications tend to direct a

single vehicle to a single destination. Aspects of the present invention account for

multiple platoonable vehicles' positions, multiple destinations, and platooning

attributes across multiple fleets, to prescribe turn-by-turn navigation instructions to

multiple drivers heading towards a platoonable stretch of road or to a static or

dynamic destination (such as another vehicle). In some embodiments, the system



can recommend speed and route changes on a turn-by-turn basis to maximize the

possibility of two or more drivers meeting at the rendezvous point. In one aspect, the

turn-by-turn directions for each driver can include directions necessary to get the

driver to a cluster of vehicles, and can display the cluster information to the driver. If

drivers are paired, the turn-by-turn direction can includes a partner's breadcrumb

data (data enabling locating the partner) and estimated time of arrival to rendezvous.

The location of the cluster or the partner vehicle may be displayed until the driver is

in range.

[0082] Once a driver is in range to platoon, the system then can either completely

automate the process to form the platoon, or can provide step-by-step guidance to

instruct the driver and/or the driver's platooning partner toward platoon formation.

Navigation to and from other vehicles may include, but need not be limited to:

a . One vehicle being directed to a dynamic destination (i.e. moving along a

route)

b. Multiple vehicles being directed to a dynamic destination (i.e. moving

along a route)

c . One moving vehicle being directed to a static destination (e.g. a rest stop

or other position along the road, optionally at the beginning of a

platoonable stretch of road)

d . Multiple vehicles being directed to a static destination (e.g. a rest stop or

other position along the road, optionally at the beginning of a platoonable

stretch of road)

e . One or multiple vehicles being directed to clusters, or to segments of

clusters

[0083] In accordance with another aspect of the present disclosure, vehicles may be

paired in clusters. Whether the vehicles are in the same fleet, or in different fleets, a

system enabling clustered pairing can require groups of vehicles in the same fleet,

or in different fleets, to adjust group departure time and/or routes so that pairing can

be performed at the beginning of a platooning route or opportunity. Drivers will have

access to the time and approximate location of where the clusters will meet up. If

the driver misses one cluster, in accordance with one aspect, the system can



provide a subsequent cluster meet up schedule. Once the clustered vehicles arrive

on a platoonable road, the system can perform ad-hoc pairing, as shown in FIG. 6 ,

using information, processing, and communications protocols as described earlier in

this disclosure.

[0084] When clusters are moving at different speeds on or toward a platoonable stretch

of road, vehicles re-entering a platoonable stretch of road from rest stops also can

access information about cluster status, so that a vehicle at rest may find the best

available partner en route with which to platoon. Fleets entering the platoonable

road at a different on-ramp also may join a moving cluster.

[0085] In one aspect, similarly to prior description, using a standard turn-by-turn

navigation application may not be sufficient to get the drivers to a platooning

rendezvous point within a roadway segment successfully. According to an

embodiment, navigation can direct single or multiple vehicles to a static or a dynamic

destination, as described earlier. In this regard, the system accounts for multiple

platoonable vehicles' positions, multiple destinations, and platooning attributes

across multiple fleets to prescribe turn-by-turn navigation instructions to multiple

drivers heading towards a platoonable segment road or to a static or dynamic

destination (such as a rest stop or other location, or another moving or stationary

vehicle). The system can recommend speed and route changes in the course of

providing turn-by-turn directions, so as to maximize the possibility of two or more

drivers meeting within a particular roadway segment where a rendezvous can occur,

and/or within a window of time during which platooning can occur. In one aspect, the

turn-by-turn directions for each driver include directions necessary to get the driver

to a cluster. On the driver's display, the system can display information about the

cluster. In one aspect, if the drivers are paired, the turn-by-turn directions can

include a partner's breadcrumbs (location information) and estimated time of arrival

to rendezvous. In addition to providing the turn by turn directions, the system can

display the location of the cluster or of the partner vehicle until the driver is in range.

[0086] In some aspects, where there is a continuous and/or otherwise substantial road

segment length during which vehicles may platoon, turn-by-turn directions may not



be sufficiently helpful, because the location where a platoon may form within that

substantial length may vary. In such circumstances, with different potential

platooning partners possibly located at various places along the length of

platoonable road, the algorithms can account for different characteristics of different

vehicles to set priorities in lists of potential platooning partners.

[0087] Drivers need to be informed when they are responsible for platooning activities,

as opposed to the NOC or smart pairing module controlling and/or dictating

platooning opportunities. There are various ways to dispatch or communicate with

drivers, including but not limited to integrating and leveraging the following

technologies, among others:

- SMS messaging

- Email messaging

- Public address system at a central vehicle location, such as a hub, or at a

truck stop

- Push to talk communication between the driver and a dispatcher

- Voice over IP

- In-vehicle display

- Third party Electronic Logging Device (ELD) system and display

- Third party telematics system with in-vehicle display already installed in a

vehicle

- Smart device application (Android, iOS, Windows)

- Browser based web application

[0088] In one aspect, offering a mobile user experience through a dedicated application

on personal devices such as a cellular or mobile phone can enhance the overall

experience for a driver, and can improve overall system performance.

[0089] The mobile application experience for drivers can help drivers engage with other

drivers, in some cases where those other drivers are similarly equipped. The mobile

application makes it easy for drivers to inquire about, set up, select partners for, and

track platooning engagements.



In one aspect, a mobile application can be accessed from a Web site, or from an

app store such as the Apple App Store or Google Play (for an iOS or Android device,

respectively). In one aspect, users can access equivalent app functionality through

a mobile Web browser. Once the driver gains access to the application and

launches it, the driver can register, set up, and use the application to perform the

following activities, among others:

- Set up the driver's profile so the system can share relevant information with

other drivers, to facilitate driver selection of potential platooning partners

- Participate in a form of social media activity, both to share personal

preferences and the like, and to learn the same kinds of things about other

drivers. By way of non-limiting example, relevant types of social media type

information could include name, picture, home town, family information,

favorite sports and sports teams, favorite books or audio books, favorite

foods, favorite truck stops, political leanings, or religious affiliation

- Input planned trip information so the system can make the best pairing

recommendation

- Pair with another driver

- Get platoon request alerts from other drivers

- Perform voice communication with a potential pairing partner

- Rendezvous to platooning location with turn-by-turn driving directions

- View a driver scorecard and badges that show driver performance while

platooning or not platooning. In one aspect, the scorecard may reflect

objective rating criteria. Badges may reflect milestones achieved in terms of,

for example, number of platooning miles, number of platooning hours, number

of platoons, number of platooning partners, and other platoon-related

performance criteria which ordinarily skilled artisans will appreciate.

- Rate previous partners and comment on experiences in platooning with those

partners. In one aspect, these subjective rating criteria may be used in

combination with objective rating criteria to assist drivers in assessing worthy

platooning partners.



[0091] These just-described aspects of the mobile application can add a gamelike

quality to the driver experience. This gamification aspect of the mobile application

can give drivers a scorecard that represents driver platooning performance. For

example, as alluded to earlier, the greater the number of platoon miles driven, the

greater the number of badges earned through the mobile application. In one aspect,

badges can result in prizes or rewards accessible at various geographical locations;

performance awards from a driver's company, or the like.

[0092] FIG. 7 below shows the mobile application workflow, with reference also to FIGs.

8A-8H, which depict screen shots of a mobile phone running the mobile application.

[0093] In FIG. 7 , a driver logs in to the system at 705. FIG. 8A shows the login screen

that the driver sees. In one aspect, a username and password are required. The

driver can retrieve his/her username, and/or can reset his/her password if

necessary. If the driver is using the app for the first time (71 0), the driver will be

directed to set up his/her profile (71 5). FIG. 8B shows the screen that the driver will

encounter to enter profile information. In one aspect, some or all of the information

may be available elsewhere in the system. If this is the case, the system will

populate the driver's profile with that information, including such things as:

- First Name

- Last Name

- Employee Photo

- Employee ID

- Company Name

- CSA Safety Score

- Training Certification Level (e.g., the driver's credentials to operate platooning

equipment (be in a platoon))

- Platoon Badges Acquired

- Platoon Status (number of miles driven while platooning)

- Driver Preferences (things that may interest other drivers, including but not

limited to food preferences, hobbies, favorite sports team(s), favorite truck

stops, favorite routes, driving behavior, fleet preferences for inter-fleet



platooning, or anything that may interest other drivers)

[0094] In one aspect, different fleets may have preferences for certain other fleets with

which to engage in inter-fleet pairing. Such fleets may have made prior

arrangements or alliances with each other. In one aspect, a fleet may not have

particular alliances, but nevertheless may wish to have preferences taken into

account. For example, larger fleets may not wish to platoon with operators in smaller

fleets. Considerations such as differing insurance and risk profiles or differing

amounts of training may motivate such fleet preferences. Fleet-wide preferences

may be identified ahead of time, and provided to the NOC and smart pairing module

to pre-select certain types of inter-fleeting pairing. Alternatively, the driver may know

these preferences and may input them himself/herself. Additionally, the driver may

have his/her own preferences with respect to identification of preferred fleets with

which to engage in inter-fleet pairing, and may input that information himself/herself

at this stage. Examples of such preferences may include, for example, fleet size,

location of hub(s) for a fleet, overall fleet safety record, average overall driver

experience across the fleet, or average driver platooning experience across the fleet.

Vehicle type - tanker truck, refrigerator truck, or the like - that may have

aerodynamic attributes that could be particularly advantageous for platooning, also

might be among a driver's preferences. All such driver preferences for types of

fleets, types of trucks, or types of drivers, can be part of a driver profile, entered via

a Web based app or a mobile app.

[0095] The above information for the driver, in one aspect particularly the driver's

preferences, will aid the system in evaluating potential platoon pairing. In one

aspect, the system can take these kinds of preferences into account in determining

potential platoon pairings.

[0096] After the above information has been entered, or if the information already was

entered (e.g. the driver has used the app before and all the data entry was

performed then), at 720 the driver is invited to input information about his/her

upcoming trip. FIG. 8C shows an embodiment of a screen that the driver may

encounter. The driver will be invited to input information such as:



- Next stop(s) (address, stop name or GPS position (e.g. latitude/longitude))

- Available hours of service before a break, or other hours of service (HOS)

information

- Departure time or departure window

- Vehicle being driven (for example, the identity of the vehicle that the driver will

use for the trip so that the system can map all the scores and platoon miles to

the driver from the data collected by the system connected to a platoonable

fleet vehicle)

[0097] Once that information is input, the driver can instruct the system to find potential

platoon partners by hitting the "find" button on the app, as FIG. 8C shows. In one

aspect, based on the trip information, the system can suggest fuel stops or rest

stops in addition to identifying platooning opportunities. Once the data is included in

the system, the system can determine the optimal pairing condition. If no pairing is

available, the system will so indicate.

[0098] If potential platooning partners are available, at 725 the driver will be presented

with a list of partners for review and selection. The smart pairing module in the NOC

can implement the algorithms discussed earlier, and can identify partners believed to

be optimal. FIG. 8D shows an example of a list that the driver may see. The driver

will be able to review information about the potential partners, including but not

limited to:

- Distance Away (and time to reach the candidate)

- Rendezvous Point (optimal location to initiate platooning)

- Estimated Platoon Distance (potential miles to platoon before the next stop)

- Thumbs Up Icon (indicates whether the driver has prior favorable experience)

- Map Icon (showing proximity of the listed drivers)

- Driver preferences (along the social media and other lines described earlier, if

the potential partner(s) choose to input such information)



[0099] The driver may review the list, and at 730, may engage one or more partners, for

example, by talking to him/her by push to talk or other voice communication method

or medium. The driver then may select a partner (735), and, if the chosen partner

accepts, may negotiate a platooning arrangement and then navigate to a

rendezvous point. FIG. 8E shows an example of a map which can guide the driver

to the rendezvous point. The map view shows both driver's distances from the

rendezvous point and the estimated time of arrival to the rendezvous point. This

view is presented after drivers are paired. The screen will provide drivers with turn-

by-turn driving directions until they are on the same roadway and in platooning

range. In one aspect, once both vehicles are sufficiently close to each other, an in-

vehicle system may help the vehicles to navigate to their respective platooning

positions.

[0100] As the platoon partners proceed to the rendezvous point, they may be in voice

contact with each other. FIG. 8H shows a screen which may alert a driver to

proximity of his/her chosen platoon partner.

[0101] Once platooning has begun, the platoon partners remain together until a

platooning stopping point. In one aspect, communications with the NOC will enable

the NOC to monitor the driver's performance during platooning. Once the platoon

dissolving point has been reached, at 740, the platoon will dissolve. After the

platoon dissolves, the driver can have an opportunity to review his/her performance.

FIG. 8F shows one example of how a scorecard might appear on the app. The

scorecard is designed to collect information about a driver's overall performance on

the road when platooning. In one aspect, the NOC monitors the driver's

performance even when not platooning. Data is compiled to create a scorecard that

will allow drivers to assess their platoon utilization, safety performance and fuel

economy efficiency. Data collected may include but not limited to:

- How safe is the driver when engaging in platooning?

- Were there harsh braking, harsh acceleration, harsh turns, speeding

incidents, or other indicators of aggressive driving?

- How many miles driven in a platoon?



- How much fuel did the driver use in comparison to a baseline when not

platooning? (comparison to other driver or a baseline established by the

system)

- How efficient is the driver in maximizing platooning opportunities?

- How have partners rated the driver after a platooning session?

- Are there safety violations that could impact the overall score negatively?

[0102] In one aspect, the scorecard of FIG. 8F can display badges earned. For

example, the driver may earn a badge for every certain number of miles of

platooning. Collecting enough badges may help drivers gain recognition and

monetary gains, promoting positive platooning behavior. In one aspect, drivers can

view not only their current performance but also their historical performance by

selecting a date range.

[0103] In one aspect, after the platoon dissolves, the driver also will have an opportunity

to rate his/her platoon partner. In this event, a screen such as the one shown in

FIG. 8G might appear. When the platoon session completes, the driver can log on

to the mobile application to rate his/her platooning partner. In one aspect, providing

partner ratings can improve the effectiveness of the smart pairing module, and

consequently can improve future pairing decisions. Ratings also help drivers make

informed decisions about future pairing opportunities with previous platooning

partners, thereby improving the overall platooning experience. In one aspect, the

rating screen can allow drivers to add information such as:

- Does the driver want to platoon with this platoon partner again?

- Did the driver think this platoon partner was a safe driver?

- Did the driver think this platoon partner was easy to get along with?

- Did the driver think the platoon partner was reliable and on-time?

[0104] Earlier, it was noted that in one aspect, FIG. 8H shows proximity of a chosen

platoon partner. In one aspect, the person shown in FIG. 8H may be a candidate

platoon partner who happens to be in proximity. Such a candidate platoon partner



may show up because s/he is in the same fleet as the driver, or in a fleet which has

a relationship with the driver's fleet. In this event, at 755 a driver may receive a

platoon request from the candidate who shows up on the display. The driver will

have the option of either accepting the request (760) or rejecting the request (765).

If the driver accepts the request, the driver will communicate to the NOC, either

manually or automatically through accepting the request, that the driver is currently

unavailable for other platooning opportunities. If the driver rejects the request, the

driver's status can remain unchanged (e.g. the driver's status with the NOC will

continue to indicate availability for platooning). In one aspect, the driver receiving

the request can speak with the potential platooning partner about the request. If the

candidate driver accepts, the system can prescribe the rendezvous point. If the

candidate declines, pairing will not proceed. If the candidate answers the pairing

request through voice communication, the drivers may discuss the feasibility of

platooning. Once the drivers reach a decision on pairing, one of them will contact

the system and either approve or decline the pairing.

[0105] According to one or more embodiments, a mobile app as shown, in some

aspects, in FIGs. 8A-8H, or even a different mobile app, can facilitate getting

information to the NOC to aid in platooning decisions, be they inter-fleet, intra-fleet,

ad hoc, or clustered. For example, FIG. 9 shows portions of a label that is affixed to

a trailer, setting forth relevant information about trailer age (date of manufacture

905), gross vehicle weight rating (GVWR) 9 10 , 9 15 tire size 920, rim size 925, cold

tire pressure 930, vehicle identification number (VIN) 940, trailer model 950, trailer

type 960, and various identifying bar codes 970-990. According to an embodiment,

a driver could take a picture of such a label and transmit it, via the mobile app, to the

NOC as part of the driver's identifying information (in this case, the type of trailer that

the driver is operating).

[0106] The VIN number in FIG. 9 may identify to the NOC the size of the trailer the

driver is operating. In one embodiment, as shown in FIG. 10 , a picture of the trailer,

given the tire size, can indicate the length of the trailer, and hence one aspect of its

suitability for pairing in particular instances. In one aspect, the VIN number provides

confirmation and/or validation of an expected trailer in a potential platooning partner.



] In one aspect, the kinds of identifying information that FIGs. 9 and 10 provide

may indicate, for example, better or poorer performance in terms of braking, gas

mileage, or the like. For example, different classes of tractors and trailers may have

better or poorer performance in these areas. In general, providing pictorial

information, or even information on a QC/QR code of the type shown in FIG. 11, can

prevent input error from the driver in giving identifying information. Other types of

identifying information could include pictures of tires, showing tread wear, another

performance indicator in terms of mileage and braking capability.

] In one embodiment, there are internet of things (loT) data that are available

which can be included in data that the NOC can use to form clusters, or instruct

pairings outright. For example, telematic information of the type that a product

called RoadReady™ provides can be a source of useful information for the NOC.

Tire pressure monitoring system (TPMS) data, antilock brake system (ABS) data,

and data on temperature, door status, running light status, and the like can be

included in such loT information. The invention is not limited to the data suite that

RoadReady™ provides, but rather can encompass any operational or status data

about a trailer that might be useful to a NOC. Of course, data about the tractor also

can be useful. Any monitorable data from the tractor that the NOC can use in

compiling pairing decisions, or even in compiling vehicle history data, also can be

provided.

] In addition to tractor and trailer data, external data relevant to potential

platooning routes, such as traffic lights on roads or metering lights at freeway

entrances, may be helpful. In one aspect, the algorithms can take light timings into

account in determining scheduling, clustering for potential platooning, and the like.

Such external data, in addition to data about traffic patterns and traffic volumes

themselves, can be useful in putting schedules together, or altering schedules if

necessary to optimize platooning opportunities.

] Detailed coordination of vehicles, cargo, facilities, and supply chains prior to

departure also can favorably impact platooning success. In one aspect, the NOC

can take supply chain data (e.g. from a third party system) and can optimize cargo to



vehicle assignment before vehicles depart a particular location where they would

take on the cargo. Such optimization can help optimize platooning positions

(lead/follow) and can improve platooning duration for the fleet.

] In sum, aspects of the present disclosure provide devices, systems and methods

for vehicle monitoring and platooning, including in some aspects various capabilities

for semi-automated vehicular convoying. Advantages of such a system include the

ability for a trailing vehicle to follow a lead vehicle closely in a safe, efficient,

convenient manner, providing improved fuel economy and more efficient fleet

management.

] While this disclosure has been described in terms of several aspects, there are

alterations, modifications, permutations, and equivalents which fall within the scope

of this disclosure. In view of the many alternative ways of implementing the methods

and apparatuses of the present disclosure, it is intended that the following appended

claims be interpreted to include all such alterations, modifications, permutations, and

substitute equivalents as falling within the true scope of the present disclosure.



What is claimed is:

1. A computer-implemented method to effect platooning of at least two vehicles

from a plurality of vehicles, the method comprising:

responsive to:

potential scheduling information and potential routing information about

the plurality of vehicles:

physical information about the plurality of vehicles;

weather information about predicted climate conditions in locations

corresponding to said potential routing information, said predicted climate

conditions occurring during time periods corresponding to said potential

scheduling information; and

road information corresponding to the potential routing information;

analyzing, on a computer, the potential scheduling information, the potential

routing information, the physical information, the weather information, the road

information, the road condition information, and the topography information to identify at

least one potential platooning road segment;

the method further comprising, for the at least one potential platooning road

segment:

for at least one of the at least two vehicles as a platoonable vehicle, identifying,

on a computer, potential platooning partners for the platoonable vehicle; and

effecting platooning by performing at least one of the following:

instructing, via a computer, platooning of the platoonable vehicle with at least one

platooning partner from the potential platooning partners; or

communicating, via a computer, the potential platooning partners to the

platoonable vehicle and allowing a driver of the platoonable vehicle to select the at least

one platooning partner from the potential platooning partners.

2 . A method as claimed in claim 1, wherein the plurality of vehicles are in at least

first and second vehicle fleets, wherein the at least first and second vehicle fleets

respectively belong to first and second companies that have agreed to share said



potential scheduling information and said potential routing information to facilitate

forming a platoon comprising vehicles in different fleets:

3 . A method as claimed in claim 1, wherein the plurality of vehicles are in the same

fleet.

4 . A method as claimed in claim 1, wherein the physical information is selected from

the group consisting of engine type, trailer type, tractor braking characteristics, trailer

braking characteristics, tractor manufacturer, trailer manufacturer, tractor health

indicators, tractor age, trailer age, tractor fault codes, tractor fleet, and trailer fleet.

5 . A method as claimed in claim 1, wherein the road information is selected from

the group consisting of road condition and road gradient.

6 . A method as claimed in claim 1, wherein the potential scheduling information is

selected from the group consisting of trip start time, trip end time, turn by turn directions,

number of trip stops, and duration of trip stops.

7 . A method as claimed in claim 1, wherein the potential routing information is

selected from the group consisting of trip start location, trip end location, and turn by

turn directions.

8 . A method as claimed in claim 1, further comprising changing the potential

scheduling information so that at least some of the plurality of vehicles travel according

to the same schedule.

9 . A method as claimed in claim 1, further comprising changing the potential routing

information so that at least some of the plurality of vehicles travel along the same route.



10 . A method as claimed in claim 1, wherein the effecting platooning occurs before

the platoonable vehicle begins traveling toward the at least one platoonable road

segment.

11. A method as claimed in claim 10 , wherein the effecting platooning occurs before

the potential platooning partners begin traveling toward the at least one platoonable

road segment.

12. A method as claimed in claim 10 , wherein the effecting platooning occurs after at

least one of the potential platooning partners begins traveling toward the at least one

platoonable road segment.

13 . A method as claimed in claim 1, wherein the effecting platooning occurs after the

platoonable vehicle begins traveling toward the at least one platoonable road segment.

14. A method as claimed in claim 13 , wherein the effecting platooning occurs before

the potential platooning partners begin traveling toward the at least one platoonable

road segment.

15 . A method as claimed in claim 13 , wherein the effecting platooning occurs after at

least one of the potential platooning partners begins traveling toward the at least one

platoonable road segment.

16. A method as claimed in claim 1, further comprising performing the analyzing to

identify a plurality of potential platooning road segments

17 . A method as claimed in claim 1, further comprising:

responsive to a change in the potential scheduling information for at least some

of the plurality of vehicles, repeating the analyzing and, responsive to a change in the

potential platooning partners as a result of the analyzing, performing the effecting with

different potential platooning partners.



18 . A method as claimed in claim 1, further comprising:

responsive to a change in the potential routing information for at least some of

the plurality of vehicles, repeating the analyzing and, responsive to a change in the

potential platooning partners as a result of the analyzing, performing the effecting with

different potential platooning partners.

19 . A method as claimed in claim 1, wherein the at least two vehicles are trucks.

20. A method as claimed in claim 1, further comprising providing an application from

which the driver can select the at least one platooning partner.

2 1. A method as claimed in claim 20, wherein the application is a web-based

application.

22. A method as claimed in claim 20, wherein the application is a mobile application.

23. A method as claimed in claim 20, wherein the application enables review of

personal characteristics of drivers of the potential platooning partners.

24. A method as claimed in claim 20, wherein the application enables input of the

personal characteristics as a part of registration of the drivers with the application.

25. A method as claimed in claim 20, wherein the application enables review of

driver performance characteristics of drivers of the potential platooning partners.

26. A method as claimed in claim 20, wherein the application enables input of the

driver performance characteristics as a part of registration of the drivers with the

application.



27. A method as claimed in claim 20, wherein the application enables review of

vehicle performance characteristics of the potential platooning partners.

28. A method as claimed in claim 20, wherein the application enables input of the

vehicle performance characteristics responsive to information recorded on vehicles of

the potential platooning partners.

29. A method as claimed in claim 20, wherein the application enables input of

evaluation of driver performance as a platooning partner.

30. A method as claimed in claim 20, wherein the application enables input of

evaluation of driver suitability as a platooning partner.

3 1 . Computer-based apparatus to effect platooning of at least two vehicles from a

plurality of vehicles, the computer-based apparatus including at least one processor and

memory, the memory containing instructions which, when executed on the at least one

processor, enable performance of a method comprising:

responsive to:

potential scheduling information and potential routing information about

the plurality of vehicles:

physical information about the plurality of vehicles;

weather information about predicted climate conditions in locations

corresponding to said potential routing information, said predicted climate

conditions occurring during time periods corresponding to said potential

scheduling information; and

road information corresponding to the potential routing information;

analyzing, on a computer, the potential scheduling information, the potential

routing information, the physical information, the weather information, the road

information, the road condition information, and the topography information to identify at

least one potential platooning road segment;

the method further comprising, for the at least one potential platooning road



segment:

for at least one of the at least two vehicles as a platoonable vehicle, identifying,

on a computer, potential platooning partners for the platoonable vehicle; and

effecting platooning by performing at least one of the following:

instructing, via a computer, platooning of the platoonable vehicle with at least one

platooning partner from the potential platooning partners; or

communicating, via a computer, the potential platooning partners to the

platoonable vehicle and allowing a driver of the platoonable vehicle to select the at least

one platooning partner from the potential platooning partners.

32. Apparatus as claimed in claim 3 1 , wherein the plurality of vehicles are in at least

first and second vehicle fleets, wherein the at least first and second vehicle fleets

respectively belong to first and second companies that have agreed to share said

potential scheduling information and said potential routing information to facilitate

forming a platoon comprising vehicles in different fleets:

33. Apparatus as claimed in claim 3 1 , wherein the plurality of vehicles are in the

same fleet.

34. Apparatus as claimed in claim 3 1 , wherein the physical information is selected

from the group consisting of engine type, trailer type, tractor braking characteristics,

trailer braking characteristics, tractor manufacturer, trailer manufacturer, tractor health

indicators, tractor age, trailer age, tractor fault codes, tractor fleet, and trailer fleet.

35. Apparatus as claimed in claim 3 1 , wherein the road information is selected from

the group consisting of road condition and road gradient.

36. Apparatus as claimed in claim 3 1 , wherein the potential scheduling information is

selected from the group consisting of trip start time, trip end time, turn by turn directions,

number of trip stops, and duration of trip stops.



37. Apparatus as claimed in claim 3 1 , wherein the potential routing information is

selected from the group consisting of trip start location, trip end location, and turn by

turn directions.

38. Apparatus as claimed in claim 3 1 , further comprising changing the potential

scheduling information so that at least some of the plurality of vehicles travel according

to the same schedule.

39. Apparatus as claimed in claim 3 1 , further comprising changing the potential

routing information so that at least some of the plurality of vehicles travel along the

same route.

40. Apparatus as claimed in claim 3 1 , wherein the effecting platooning occurs before

the platoonable vehicle begins traveling toward the at least one platoonable road

segment.

4 1. Apparatus as claimed in claim 40, wherein the effecting platooning occurs before

the potential platooning partners begin traveling toward the at least one platoonable

road segment.

42. Apparatus as claimed in claim 40, wherein the effecting platooning occurs after at

least one of the potential platooning partners begins traveling toward the at least one

platoonable road segment.

43. Apparatus as claimed in claim 3 1 , wherein the effecting platooning occurs after

the platoonable vehicle begins traveling toward the at least one platoonable road

segment.

44. Apparatus as claimed in claim 40, wherein the effecting platooning occurs before

the potential platooning partners begin traveling toward the at least one platoonable

road segment.



45. Apparatus as claimed in claim 40, wherein the effecting platooning occurs after at

least one of the potential platooning partners begins traveling toward the at least one

platoonable road segment.

46. Apparatus as claimed in claim 3 1 , wherein the instructions further enable the at

least one processor to perform the analyzing to identify a plurality of potential platooning

road segments.

47. Apparatus as claimed in claim 3 1 , wherein the instructions further enable the at

least one processor to:

responsive to a change in the potential scheduling information for at least some

of the plurality of vehicles, repeat the analyzing and, responsive to a change in the

potential platooning partners as a result of the analyzing, performing the effecting with

different potential platooning partners.

48. Apparatus as claimed in claim 3 1 , wherein the instructions further enable the at

least one processor to:

responsive to a change in the potential routing information for at least some of

the plurality of vehicles, repeat the analyzing and, responsive to a change in the

potential platooning partners as a result of the analyzing, perform the effecting with

different potential platooning partners.

49. Apparatus as claimed in claim 3 1 , wherein the at least two vehicles are trucks.

50. Apparatus as claimed in claim 3 1 , further comprising a network operations center

containing the at least one processor and the memory.

5 1 . Apparatus as claimed in claim 3 1 , wherein the instructions further enable the at

least one processor to interact with an application from which the driver can select the

at least one platooning partner.



52. Apparatus as claimed in claim 5 1 , wherein the application is a web-based

application.

53. Apparatus as claimed in claim 5 1 , wherein the application is a mobile application.

54. Apparatus as claimed in claim 5 1 , wherein the instructions further enable the at

least one processor to receive, via the application, a review of personal characteristics

of drivers of the potential platooning partners.

55. Apparatus as claimed in claim 5 1 , wherein the instructions further enable the at

least one processor to receive, via the application, driver personal characteristics as a

part of registration of the drivers.

56. Apparatus as claimed in claim 5 1 , wherein the instructions further enable the at

least one processor to receive, via the application, a review of driver performance

characteristics of drivers of the potential platooning partners.

57. Apparatus as claimed in claim 5 1 , wherein the instructions further enable the at

least one processor to receive, via the application, the driver performance

characteristics as a part of registration of the drivers.

58. Apparatus as claimed in claim 5 1 , wherein the instructions further enable the at

least one processor to receive, via the application, a review of vehicle performance

characteristics of the potential platooning partners.

59. Apparatus as claimed in claim 5 1 , wherein the instructions further enable the at

least one processor to receive, via the application, the vehicle performance

characteristics responsive to information recorded on vehicles of the potential

platooning partners.



60. Apparatus as claimed in claim 5 1 , wherein the instructions further enable the at

least one processor to receive, via the application, an evaluation of driver performance

as a platooning partner.

6 1. Apparatus as claimed in claim 5 1 , wherein the instructions further enable the at

least one processor, via the application, to receive an evaluation of driver suitability as a

platooning partner via the application.
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