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Three dimensional GPS or vehicle position data is used to
determine a slope the vehicle is traveling over at a specific
point in time. The slope data can then be combined with other
metrics to provide an accurate, slope corrected vehicle mass.
The vehicle mass can then be used along with other vehicle
data to determine an amount of work performed by a vehicle,
enabling s detailed efficiency analysis of the vehicle to be
performed. To calculate slope, horizontal ground speed
(Vyas) can be calculated using the Pythagorean Theorem.
One can take the Z/Up magnitude and divide it by the hori-
zontal ground speed. Replacing Z, x and y with directional
vectors enables one to calculate slope. The slope data is then
used to determine the mass of the vehicle at that time. Pervi-
ous techniques to calculate mass did not factor in slope, and
thus are not accurate.
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METHOD AND APPARATUS FOR GPS BASED
SLOPE DETERMINATION, REAL-TIME
VEHICLE MASS DETERMINATION, AND
VEHICLE EFFICIENCY ANALYSIS

[0001] This application is based on a prior copending pro-
visional application Ser. No. 61/580,190, filed on Dec. 23,
2011, the benefit of the filing date of which is hereby claimed
under 35 U.S.C. §119(e).

BACKGROUND

[0002] As the costofsensors, communications systems and
navigational systems has dropped, operators of commercial
and fleet vehicles now have the ability to collect a tremendous
amount of data about the vehicles that they operate, including
how the vehicles are being driven by the drivers operating
such vehicles.

[0003] Unfortunately, simply collecting such data does not
automatically translate into cost savings. It would be desir-
able to provide such fleet operators with additional tools in
order to derive a benefit from the wealth of data that can be
collected. Preferably, such tools can be used to provide feed-
back to drivers to enable the fleet operator to encourage driv-
ing habits leading to cost savings. Such a tool might thus be
used to develop objective criteria that could be used encour-
age and provide incentives to drivers to improve their perfor-
mance in operating the vehicles in a fleet.

SUMMARY

[0004] One aspect of the novel concepts presented herein is
a method of producing a numerical ranking of a driver’s
performance based on a plurality of metrics (recognizing that
the concepts disclosed herein also encompass the use of only
a single metric), and then sharing those metrics on a hosted
website, such that the drivers can compare their performance
metrics to those of their peers. Fleet operators can use these
performance metrics as incentives, by linking driver pay with
performance. Such amethod comprises the steps of automati-
cally collecting a plurality of metrics while a driver is oper-
ating a vehicle, automatically determining a numerical value
for each metric, automatically combining the numerical val-
ues for the plurality of metrics to achieve a numerical perfor-
mance value, and normalizing the numerical performance
value to achieve a numerical ranking of the driver’s perfor-
mance while operating a vehicle, and then posting the driver
performance data to the hosted website.

[0005] In at least one related embodiment, fleet operators
will pay drivers using a mileage component (i.e., paying
drivers a fixed rate per loaded mile), while also making addi-
tional payments to drivers meeting predefined performance
characteristics. In at least one related embodiment, only driv-
ers having top ranking performance metrics (such as drivers
having performance scores in the top 10% of the fleet, or the
25 drivers having the best performance scores in the fleet,
recognizing that such specific examples are not intended to be
limiting) will be eligible for the performance pay. In at least
one other related embodiment, any driver in the fleet will be
eligible for performance bonus pay once they have met a
predefined performance metric.

[0006] While many embodiments will employ a single nor-
malized numerical performance score (i.e., a numerical score
that combines several different metrics together), it should be
recognized that in some embodiments performance pay can
be linked to specific performance metrics. For example, con-
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sider a fleet operator who has many routes involving moun-
tainous terrain, and that fleet is experiencing excessing brake
wear/failure over those routes. That operator may want to link
performance pay to brake operating temperature for a period
of time to induce drivers operating over those routes to pay
more attention to brake temperature. Such a focused review of
driver performance data for a defined period of time will be
referred to herein and in the claims that follow as a campaign.
Where a campaign emphasizes a performance metric such as
brake temperature, the campaign can be designed to score
drivers’ performance in that campaign based only on the
target metric (or metrics), such as brake temperature, or an
existing normalized performance score can be modified so
that the target metric (in this case, brake temperature) is more
heavily weighted than normal.

[0007] It should be recognized that campaigns can be met-
ric specific, or can be based on a single normalized score, but
will generally share in common the characteristic of being
implemented for a defined period of time. Drivers will learn to
associate such campaigns with opportunities to increase their
pay by meeting the performance goals of individual cam-
paigns. In some embodiments, campaign participants are lim-
ited to drivers in a specific fleet (i.e., an intra-company or
intra-fleet campaign). In such embodiments, that fleet gener-
ally will be paying the performance bonuses for the cam-
paign. In other embodiments, campaign participants are not
limited to drivers in only one specific fleet (i.e., an inter-
company or inter-fleet campaign). In such an embodiment, a
third party may be paying the performance bonuses for the
campaign. For example, companies providing goods and ser-
vices to the trucking or vehicle transportation industry may
sponsor such a campaign for advertising purposes. A particu-
lar fleet operator seeking to attract the attention of drivers in
other fleets might also be a sponsor of an inter-company
campaign.

[0008] In at least one aspect of the concepts disclosed
herein, the performance metric is designed to facilitate com-
parison of driver performance data across different fleets, and
different vehicles. This will enable individual campaigns to
include more participating drivers, which in turn will bring in
more advertising revenue to fund bigger performance
bonuses. In at least one embodiment, such a metric is mutu-
ally agreed upon by a plurality of different fleet operators.
Adoption of a common performance metric across multiple
fleets will enable top performing drivers to be able to show
their cumulative performance scores to other participating
fleet operators, providing an additional tool for fleets to use
when evaluating potential new hires. Such a common perfor-
mance metric will also enable participating fleet operators to
appear more attractive as potential employers than non-par-
ticipating fleet operators, who will not be offering the drivers
the potential of earning the additional performance based
income (i.e., income in addition to the industry standard pay
by the mile driver compensation).

[0009] The concepts disclosed herein encompass embodi-
ments in which individual fleet operators host their own web-
site, where driver rankings in that fleet can be compared. In
other embodiments, the website is hosted by a third party, and
multiple fleet operators participate. The third party can offset
their costs for operating the website by charging participating
fleet operators a fee, and/or by advertising revenue. In some
embodiments, all driver performance data is displayed in an
anonymous format, so that individual drivers cannot be iden-
tified unless the driver shares their user ID. In some embodi-
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ments, drivers can only compare their score with drivers in
their own fleet, while in other embodiments drivers can see
the performance data of drivers in other fleets.

[0010] Having described the social networking/perfor-
mance pay aspect of the concepts disclosed herein, the fol-
lowing is directed to discussing exemplary techniques that
can be used to acquire the performance data. However, it
should be recognized that the social networking/performance
pay concepts disclosed herein can be implemented using
driver performance metrics generated using different tech-
niques, including techniques that do and do not rely on real-
time transmission of performance data from participating
vehicles to a remote data center. At least some of the concepts
disclosed herein can be implanted using data recorders that
store data for a period of time before conveying that datato a
data center for generating the driver performance data.
[0011] In atleast one embodiment, the performance metric
is based at least in part from data collected from one or more
engine control units (or vehicle computer(s)) in a vehicle
operated by the driver whose performance is being measured.
[0012] In atleast one embodiment, the performance metric
is based at least in part on fuel economy.

[0013] In atleast one embodiment, the performance metric
is based at least in part on carbon footprint reduction.
[0014] In atleast one embodiment, the performance metric
is based at least in part on minimizing fuel efficiency robbing
behavior, including sudden braking, rapid acceleration and
downshifting too early.

[0015] In atleast one embodiment, the performance metric
is based at least in part on maximizing fuel efficiency enhanc-
ing behavior, including coasting to a stop (instead of staying
onthe accelerator until the last minute and then braking hard),
driving at high average vehicle speeds with minimum time
spent at maximum vehicle speed, driving in such a manner so
as to achieve a high percent trip distance in top gear (90+%
recommended), driving in such a manner so as to achieve a
high percent distance in cruise control, driving in such a
manner so as to achieve a minimum percent idle/PTO opera-
tion, driving in such a manner so as to achieve a minimum
service brake activity, driving in such a manner so as to
achieve a relatively low number of sudden decelerations, and
driving in such a manner so as to achieve a relatively low
number of service brake actuations/1000 miles.

[0016] In atleast one embodiment, the commonly adopted
performance metric is based on the amount of vehicle work
performed. In at least one embodiment, such a metric
includes using vehicle position derived slope data to deter-
mine a vehicle’s mass at a plurality of different times during
the operation of a vehicle, and then using the mass to calculate
work. The vehicle position data is generated by a position
sensing system including a component (such as a receiver)
disposed in the vehicle. An exemplary position sensing sys-
tem is the Global Positioning System (GPS). The GPS system
is a space-based satellite navigation system that provides
location and time information in all weather, anywhere on or
near the Earth, where there is an unobstructed line of sight to
four or more GPS satellites. It is maintained by the United
States government and is freely accessible to anyone with a
GPS receiver. It should be understood that when the term GPS
is used herein and the claims that follow to refer to a compo-
nent located at a vehicle, that such a component is a receiver
for receiving satellite signals from the GPS system. Further, it
should be understood that the concepts disclosed herein can
be implemented using different types of vehicle position
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sensing systems, such as the Russian Global Navigation Sat-
ellite System (GLONASS), the planned European Union
Galileo positioning system, the Chinese Compass navigation
system, and the Indian Regional Navigational Satellite Sys-
tem, and similar such systems as they are developed. The
concepts disclosed herein can also be implemented by relying
on basic triangulation of signals received from terrestrial
based transmitters (such as cell towers), should sufficient
transmitters be available (and should the vehicle position
resolution obtainable using such technology be generally
comparable with that available from satellite based systems).

[0017] Fundamentally, GPS systems calculate velocity in
three components (X, Y, Z or N/S, E/W, and Up/Down) based
on a Doppler shift of the GPS satellite signals. Scalar speeds
can then be calculated from those three components. For
example, absolute speed or actual vehicle speed can be deter-
mined, as well as ground speed based on the shortest distance
between two points (i.e., based on distance as the crow flies).
Horizontal ground speed (V) can be calculated using the
Pythagorean Theorem. To calculate a grade (G) the vehicle is
traveling over (as a percentage), one can take the Z/Up mag-
nitude and divide it by the horizontal ground speed. Replac-
ing 7, x and y with directional vectors (such as Up for Z, West
forx and North for y, recognizing that such directional vectors
are exemplary, and may change based on the actual GPS data
collected from the vehicle) enables one to calculate slope. The
slope data is then used to determine the mass of the vehicle at
that time. Pervious techniques to calculate mass use torque
output, engine RPMs, and vehicle velocity (scalar vehicle
speed values can be used in place of velocity) to calculate a
vehicle’s mass or weight, but did not factor in slope, and thus
are not accurate over routes including variable slopes (which
most routes include). An improved mass metrics (by includ-
ing the GPS derived slope data in a mass calculation) enables
a more accurate weight based or work based performance
metric to be provided.

[0018] In at least one exemplary embodiment, where the
driver performance metric is based on a plurality of different
parameters or metrics, each one of the plurality of metrics will
correspond to a different aspect of the driver’s performance
while operating a vehicle. Those of ordinary skill in the art
will readily recognize that a number of different types of
sensors are commonly integrated into commercial, passenger,
and fleet vehicles. Such sensors can readily collect a wide
variety of operational data that are related to driver perfor-
mance. For example, one such metric is idle time of a vehicle.
Excessive idling time generates increased emissions,
increased fuel consumption, and increased engine wear. From
the point of view of the fleet operator, drivers who operate
vehicles so as to incur relatively greater idle times exhibit a
lower performance compared to drivers who do so while
incurring relatively less idle time. Additional performance
metrics related to both vehicle and driver performance
include the amount of time the vehicle is accelerating during
the operation of the vehicle by the driver, the extent of such
acceleration, the amount of time the vehicle is decelerating
during the operation of the vehicle by the driver, the extent of
deceleration, whether (or how often) a driver deviates from a
predefined route, and whether (or how often and to what
extent) a driver exceeds a speed limit. Drivers who accelerate
and decelerate often and accelerate or brake excessively are
likely to increase fuel consumption, emissions, engine and/or
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brake wear, as compared to drivers who are more able to
accelerate and decelerate modestly, and who are more able to
maintain a constant speed.

[0019] By combining a plurality of vehicle metrics related
to driver performance, a single numerical score or numerical
ranking can be used to provide feedback to individual drivers.
Such a numerical ranking can be used as a management tool
to improve driver performance. For example, drivers with
relatively poor numerical ranking scores can receive counsel-
ing or warnings, which should lead to an improvement in their
performance, while drivers receiving relatively better scores
receive praise or bonuses that encourage them and others to
maintain or improve good performance in operating a
vehicle. Comparing such scores across companies or between
individual branches of a company can be used as a contest or
as a motivational tool, where drivers with relatively better
scores earn prizes or public praise. For example, a fleet opera-
tor could regularly post a list of driver performance rankings
in company break rooms, so that drivers can compare their
individual performance rankings with one another (note the
concepts disclosed herein also encompass posting such
scores on a website).

[0020] Essentially, for each metric collected, a numerical
value will be determined for that metric. Different metrics can
be weighted differently, according to the preference of the
fleet operator. For example, if a fleet operator is particularly
concerned about reducing excessive idle time, but is less
concerned about drivers’ acceleration and deceleration hab-
its, idle time can weighted more significantly, to have a
greater effect on the numerical ranking determined for the
drivers than acceleration and deceleration metrics. Thus, in
that case, increased idle time will have a greater proportional
negative effect on a driver’s overall score, than will excessive
acceleration and deceleration of a vehicle.

[0021] Normalizing the combined numerical scores for
each metric is important; as such normalization enables the
numerical rankings for different drivers to be compared. In
one embodiment, the normalization is based on dividing the
combined rankings by the distance over which the driver has
operated the vehicle. For example, the drivers’ combined
numerical values for each metric can be divided by the num-
ber of miles over which the driver has operated vehicle. In
another embodiment, the normalization is based on dividing
the combined rankings by the length of time the driver has
operated a vehicle. For example, a driver’s combined numeri-
cal values for each metric can be divided by the number of
hours the driver has operated a vehicle.

[0022] Those of ordinary skill in the art will readily recog-
nize that a variety of different valuation paradigms can be
implemented for determining a numerical value for each met-
ric. Under some paradigms, a relatively higher normalized
combined total will represent relatively better driver perfor-
mance, while under other paradigms a relatively lower nor-
malized combined total will represent relatively better driver
performance. The specific valuation paradigm employed is
less important than the aspect of the present invention
directed to providing a numerical value that can be used to
evaluate driver performance, where the numerical value is
based on measurable metrics corresponding to a driver’s per-
formance while operating a vehicle. It should also be recog-
nized that the concepts presented herein can be applied to
other types of equipment, such as heavy machinery and heavy
construction equipment (backhoes, excavators, bulldozers,
etc.), as well as to other types of equipment or machinery that
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an operator controls, so long as the various aspects of the
operator’s performance can be sensed and the results used to
determine a numerical value representative of the overall
quality with which the operator controls the equipment or
machinery. It should also be recognized that the concepts
provided herein can also be beneficially implemented in other
types of vehicles, including automobiles (such as rental car
fleets, government vehicles, and fleet vehicles assigned to
sales representatives or other employees of a business).

[0023] As noted above, one of the metrics that can be ben-
eficially employed relates to determining if a driver has devi-
ated from a predefined route. This metric can be automati-
cally determined by providing predefined route data
comprising geographical coordinates, automatically collect-
ing geographical coordinate data while the driver is operating
the vehicle (for example using a global positioning satellite
(GPS) receiver), and determining if the driver has deviated
from the predefined route by comparing the collected geo-
graphical coordinate data with the predefined route data.

[0024] Yet another metric that can be beneficially
employed relates to determining whether a driver has
exceeded a speed limit, which can be automatically deter-
mined in several different fashions. In one embodiment, it can
be determined if a driver has violated the speed limit by
providing a baseline speed limit value (such as 60 miles an
hour, for vehicles primarily operated on freeways), automati-
cally collecting vehicle speed data while the driver is operat-
ing the vehicle on freeways, and determining if the driver has
deviated from the baseline speed limit value by comparing the
collected vehicle speed data with the baseline speed limit
value (or distance traveled per unit time). In a different
embodiment, the step of determining if the driver has violated
the speed limit comprises the steps of providing predefined
route data comprising geographical coordinates and speed
limits associated with each geographical coordinate, auto-
matically collecting geographical coordinate data and vehicle
speed data while the driver is operating the vehicle, and
determining if the driver has violated the speed limit by com-
paring the collected geographical coordinate data and vehicle
speed data with the predefined route data for which the speed
limit is specified at different portions of the route.

[0025] It should be recognized that the steps of collecting
the plurality of metrics and processing the plurality of metrics
to determine the numerical ranking of the driver’s perfor-
mance can be implemented in physically different locations.
In one embodiment, the plurality of metrics are automatically
collected by the vehicle, and then transmitted to a remote
computing device for processing. The metrics can be trans-
mitted to the remote computing device in real-time, or can be
saved in a memory in the vehicle and later transmitted to the
remote computing device for processing, for example, when
the vehicle is returned to a central garaging facility. In other
embodiments, processing of the plurality of the metrics
occurs within the vehicle. Where the processing of the plu-
rality of metrics occurs within the vehicle, the driver’s current
performance ranking can be displayed in real-time to the
driver to provide immediate feedback to help the driver
improve performance while operating a vehicle. This
approach would be analogous to providing real-time fuel
mileage estimates to a driver based on current vehicle oper-
ating conditions. Providing drivers with feedback in real-time
will enable drivers to correct driving habits while operating
the vehicle, leading to an improved performance ranking. In
such an embodiment, it would be desirable to enable the
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driver to review the metrics responsible for decreasing a driv-
er’s performance ranking. For example, if the driver’s current
performance ranking is relatively low because the driver is
frequently accelerating and decelerating, rather than main-
taining a constant speed, the display provided to the driver can
be customized to indicate the specific metrics responsible for
the lower than desired performance ranking.

[0026] This Summary has been provided to introduce a few
concepts in a simplified form that are further described in
detail below in the Description. However, this Summary is not
intended to identify key or essential features of the claimed
subject matter, nor is it intended to be used as an aid in
determining the scope of the claimed subject matter.

DRAWINGS

[0027] Various aspects and attendant advantages of one or
more exemplary embodiments and modifications thereto will
become more readily appreciated as the same becomes better
understood by reference to the following detailed description,
when taken in conjunction with the accompanying drawings,
wherein:

[0028] FIG.1is a high level flow chart showing the overall
method steps implemented in accord with one exemplary
embodiment for achieving the concepts disclosed herein;
[0029] FIG.2is a more detailed flow chart showing method
steps implemented in an exemplary preferred embodiment;
[0030] FIG. 3 schematically illustrates a vehicle that
includes a plurality of sensors configured to collect the
required metrics;

[0031] FIG. 4A is a functional block diagram illustrating
the functional elements of an embodiment in which the met-
rics are processed within the vehicle to obtain the driver’s
performance ranking, for example, in real-time;

[0032] FIG. 4B is a functional block diagram illustrating
the functional elements of an embodiment in which the met-
rics are processed by a computing device remote from the
vehicle to obtain the driver’s performance ranking;

[0033] FIG. 5 schematically illustrates the interior of a
vehicle configured with a display to provide the driver with
the performance ranking in real-time;

[0034] FIG. 6 schematically illustrates a vehicle that
includes a GPS unit configured to collect GPS data that can be
used to provide a plurality of metrics for use in determining a
driver performance ranking in accord with one aspect of the
concepts disclosed herein;

[0035] FIG. 7 is a flow chart showing method steps imple-
mented in an exemplary preferred embodiment, where GPS
data are used to provide a plurality of metrics used to deter-
mine the driver’s performance ranking;

[0036] FIG. 8is a flow chart showing method steps imple-
mented in accord with one aspect of the concepts disclosed
herein, the method steps representing an exemplary technique
used to implement that aspect, the aspect comprising using
GPS or position data are used to determine a slope the vehicle
is traveling over (in at least one embodiment, the slope data
will in turn be used to calculate an accurate vehicle mass
metric);

[0037] FIG. 9 is a functional block diagram graphically
illustrating force vectors acting on a vehicle, and how those
vector can be used to solve for vehicle mass, where the GPS
derived slope represents a unique metric;

[0038] FIG. 10 is a flow chart showing exemplary method
steps implemented according to one aspect of the concepts
disclosed herein, where GPS or position derived slope data is
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used to calculate a vehicle’s mass at a plurality of intervals
during the operation of a vehicle, and then using the vehicle
mass to determine a cost per loaded mile;

[0039] FIGS. 11A-11C graphically illustrate vehicle per-
formance histograms generated derived in part using the GPS
derived slope data of FIG. 8;

[0040] FIGS. 12A-12B graphically illustrate vehicle per-
formance histograms generated derived in part using the GPS
derived slope data;

[0041] FIG. 13 is a flow chart showing exemplary method
steps implemented according to one aspect of the concepts
disclosed herein, in which a promotional driver performance
campaign is implemented at a hosted website;

[0042] FIGS. 14 and 15 are functional blocks diagram illus-
trating that the promotional driver performance campaigns
and bonuses of the method of FIG. 13 can include drivers
from a single fleet (intra-company) or drivers from multiple
fleets (inter-company);

[0043] FIG. 16 is a functional block diagram illustrating
exemplary elements in a vehicle/driver performance monitor-
ing system in accord with one aspect of the concepts disclosed
herein;

[0044] FIG. 17 is an exemplary screen shot of a website
hosting a promotional driver performance campaign;

[0045] FIG. 18 is a another functional block diagram illus-
trating exemplary elements in a vehicle/driver performance
monitoring system in accord with one aspect of the concepts
disclosed herein;

[0046] FIG.19is an exemplary computing environment for
implementing some of the concepts disclosed herein; and

[0047] FIG. 20 is a functional block diagram of an exem-
plary telematics device added to an enrolled vehicle to imple-
ment one or more of the methods of FIGS. 1, 2, 7, 8 and 10.

DESCRIPTION

Figures and Disclosed Embodiments are not
Limiting

[0048] Exemplary embodiments are illustrated in refer-
enced Figures of the drawings. It is intended that the embodi-
ments and Figures disclosed herein are to be considered illus-
trative rather than restrictive. No limitation on the scope of the
technology and of the claims that follow is to be imputed to
the examples shown in the drawings and discussed herein.
Further, it should be understood that any feature of one
embodiment disclosed herein can be combined with one or
more features of any other embodiment that is disclosed,
unless otherwise indicated.

Non-Transitory Memory Medium

[0049] Many of the concepts disclosed herein are imple-
mented using a processor that executes a sequence of logical
steps using machine instructions stored on a physical or non-
transitory memory medium. It should be understood that
where the specification and claims of this document refer to a
memory medium, that reference is intended to be directed to
a non-transitory memory medium. Such sequences can also
be implemented by physical logical electrical circuits specifi-
cally configured to implement those logical steps (such cir-
cuits encompass application specific integrated circuits).



US 2013/0164713 Al

Exemplary Logic for Determining Driver Performance

[0050] FIG.1is ahigh level flow chart showing the overall
method steps implemented in accord with one aspect of the
concepts disclosed herein. In a block 10 a plurality of metrics
related to driver performance are automatically collected by a
plurality of sensors incorporated into a vehicle. Such metrics
generally relate to driver operation of the vehicle, but may
also simply include data related to the vehicle. Such metrics
can include, but are not limited to, vehicle speed, vehicle
acceleration, vehicle deceleration, engine RPMs, idle time,
engine temperature, coolant temperature, oil temperature,
fuel consumption, and vehicle positional data. Those of ordi-
nary skill in the art will readily recognize that many different
metrics related to vehicle performance and driver perfor-
mance can be collected. Thus, it should be recognized that the
specifically identified metrics are intended to be exemplary,
rather than limiting. In a block 12, a numerical ranking of the
driver’s performance is determined based on at least some of
the metrics collected.

[0051] FIG. 2 is a more detailed flow chart showing method
steps implemented in a preferred embodiment, providing
additional details as to how the numerical ranking of the
driver’s performance can be determined. In a block 14, a
numerical value is assigned to each metric collected. It should
be recognized that plurality of valuation schemes can be
implemented, and the specific scheme implemented is not
critical. It should also be recognized that a fleet operator can
perceive some metrics to be more or less important to overall
driver performance. Thus, individual metrics can be weighted
differently. For example, one fleet operator may have little
tolerance for drivers who exceed posted speed limits and want
to place great emphasis on this metric when determining the
numerical ranking. Such a fleet operator can assign signifi-
cantly more weight to the detection of a driver exceeding a
speed limit than to the detection of a driver incurring exces-
sive idle time. Regardless of the specific valuation scheme
implemented, a numerical ranking will be determined for
each metric collected. In a block 16, the numerical rankings
for each metric are combined. In a block 18, the combined
numerical values for each metric are normalized, to enable
performance rankings for different drivers to be more equi-
tably compared. In one embodiment, the normalization is
based on a distance over which a driver has operated a vehicle.
In another embodiment, the normalization is based on an
amount of time the driver has operated a vehicle. This nor-
malization enables the output of the normalized combined
total to be provided as a numerical ranking in a block 20
indicating a driver’s performance. Note that the valuation
scheme implemented will determine whether a specific
numerical value is indicative of arelatively good performance
or a relatively poor performance. Under some valuation
schemes, relatively higher combined and normalized numeri-
cal rankings are generally indicative of relatively better driver
performance. In other valuation schemes, relatively lower
combined and normalized numerical rankings are generally
indicative of relatively better driver performance.

[0052] FIG. 3 schematically illustrates a vehicle including
a plurality of sensors configured to collect the required met-
rics. A vehicle 22, such as a bus or a truck, includes a plurality
of sensors 24a-244. It should be recognized that the specific
number of sensors, and the specific types of sensors and types
of'data collected by the sensors, are not critical, so long as the
sensors collect data for the desired metrics. As noted above, a
plurality of different metrics have been specifically identified,
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however it should be recognized that such metrics are
intended to be exemplary, and not limiting on the concepts
disclosed herein. In the disclosed exemplary embodiment,
each sensor is coupled to a CPU 26 (which, as described in
greater detail below, may in some of embodiments be
replaced with (or provided in addition to) a transmitter).

[0053] FIG. 4A is a functional block diagram 28a illustrat-
ing the functional elements of an exemplary embodiment in
which the metrics are processed within the vehicle to obtain
the driver’s performance ranking. The vehicle is equipped
with sensors 30 configured to collect the required metrics.
The sensors are logically coupled with an onboard vehicle
CPU 34, which is configured to implement the method steps
generally described above. CPU 34 is logically coupled to a
memory 32 in which are stored the machine instructions that
are executed by the CPU to carry out these logical steps. The
plurality of metrics collected by sensors 30 can also be stored
in memory 32. A (preferably optical or wireless) transmitter
36 (or other data link) can be included to enable either the
plurality of metrics or the driver’s performance ranking to be
communicated to a remote computing device. An optional
display 38 can be included in the vehicle to provide real-time
feedback to the driver (by displaying the driver’s performance
ranking in real-time). As discussed above, if display 38 is
implemented, it is desirable to provide the ability for the
driver to determine which metrics are having the most impact
on the driver’s performance ranking.

[0054] FIG. 4B is a functional block diagram 285 illustrat-
ing the functional elements of an exemplary embodiment in
which the metrics are processed by a computing device to
obtain the driver’s performance ranking, where the comput-
ing device is remote from the vehicle. Once again, the vehicle
is equipped with sensors 30 configured to collect the required
metrics. The sensors are logically coupled with an onboard
vehicle CPU 34, which is configured to transmit the collected
metrics to remote computing device 39 through transmitter 36
(or other data link). In a particularly preferred embodiment,
transmitter 36 is a wireless transmitter. In such an embodi-
ment, the method steps generally described above for pro-
cessing the collected metrics can be executed by the remote
computing device. CPU 34 is logically coupled to memory 32
in which the collected metrics can be stored, if the metrics are
not to be transmitted to the remote computing device in real-
time. Even if the metrics are transmitted to the remote com-
puting device in real-time, such metrics can be stored in
memory 32 as a backup in case the transmission is not suc-
cessful. In such an embodiment, a display is not likely to be
beneficial, unless the remote computing device is configured
to transmit the calculated performance ranking back to the
vehicle for display to the driver.

[0055] FIG. 5 schematically illustrates the interior of a
vehicle configured with a display 40 to provide the driver with
aperformance ranking in real-time. As discussed above, such
a display can be implemented by the embodiment schemati-
cally illustrated in FIG. 4A. While FIG. 5 shows a single
numerical performance ranking being displayed, it should be
understood that the concepts disclosed herein encompass dis-
playing a plurality of different metrics (at one or in rotation),
as well as displaying a cost per loaded mile metric, which is
discussed in detail below in connection with FIG. 10. The cost
per loaded mile metric can be calculated using the concepts
disclosed herein at a remote computing device and conveyed
back to the vehicle for display, or can be calculated using a
processor in the vehicle.
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[0056] FIG. 6 schematically illustrates a vehicle 22a that
includes a GPS unit 44 configured to collect GPS data that can
be used to determine a plurality of metrics for use in deter-
mining a driver performance ranking. Such an embodiment
enables the driver performance ranking discussed above to be
generated without requiring individual or additional sensors
to be integrated into the vehicle (although it should be recog-
nized that such individual sensors could be used in addition to
(or as an alternative source of) the data provided by the GPS
unit, to provide additional metrics used in determining a
driver’s performance ranking, generally consistent with the
method steps described above with respect to FIGS. 1 and 2).
Vehicle 22a, such as a bus or a truck (or automobile, or
construction equipment, generally as described above)
includes GPS unit 44 coupled with an ignition system 42 of
the vehicle. In an exemplary embodiment, the GPS unit will
be coupled with the ignition switch, such that it is assumed
that when the ignition switch is on, the engine of the vehicle
is actually running, and the GPS unit will be activated. As
described in greater detail below, GPS data can be used for a
plurality of metrics, including idle time, deceleration time
and magnitude, acceleration time and magnitude, and to
determine if'a driver has violated a speed limit. The most basic
GPS unit is able to determine a position of the vehicle at a
specific time. That positional information can be used to
calculate the speed of a vehicle by determining the change in
position of the vehicle between two successive points in time,
and to calculate the acceleration or deceleration of the vehicle
by determining the change in speed of the vehicle over a time
increment. More typically, GPS units automatically deter-
mine position, speed, and acceleration/deceleration inter-
nally, and these metrics would then not need to be determined
by an external computing device (remote or local).

[0057] GPS unit 44 preferably includes or is connected to a
wireless transmitter (not separately shown), such that the
GPS data can be wirelessly transmitted to a remote comput-
ing device, preferably in real-time. The remote computing
device can be programmed to manipulate the GPS data to
determine a plurality of metrics, which can then be used to
calculate a driver’s performance ranking, generally as
described above. It should be recognized that as an alterna-
tive, GPS unit 44 can include an onboard memory, such that
the GPS data are stored in the GPS unit, to be uploaded to a
remote computing device at a later time (for example, using a
wireless or hardwired data link). Significantly, GPS unit 44
enables driver performance rankings to be determined, even if
the vehicle is not equipped with separate other sensors of the
metric data or an onboard computer (as are required in the
embodiments of FIGS. 3, 4A, and 4B). It should be under-
stood that the concepts disclosed herein encompasses cou-
pling such a GPS unit to vehicle sensors and/or a vehicle data
bus, such that driver/vehicle performance data collected by
other vehicle sensors can be combined with GPS data and
conveyed to a remote computing site. While not specifically
shown in FIG. 6, it should be understood that GPS unit 44 can
include a processor that uses GPS data and sensor data col-
lected from the vehicle to calculate performance metrics,
which are then combined with GPS data and conveyed to the
remote computing site. One such metric is GPS derived slope
data, discussed in detail in below in connection with FIG. 8.
Such performance metrics calculated by a processor in the
vehicle (whether or not that processor is associated with a
GPS unit, or is a separate processor in the vehicle) can be
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displayed in the vehicle, as well as (or in lieu of) being
conveyed to a remote computing device.

[0058] FIG. 7 is a flow chart showing method steps imple-
mented in one exemplary embodiment when GPS data are
used to calculate a plurality of metrics used to determine the
driver’s performance ranking. In a block 46, the vehicle igni-
tion is switched on (and it is assumed that the engine is
running), thereby powering on the GPS unit. In a block 48, the
GPS unit collects GPS data (information corresponding both
to a particular point in time and a specific geographical posi-
tion that the vehicle occupies at that specific point in time). In
ablock 50, the GPS data are transmitted to a remote comput-
ing device. As noted above, the GPS data are preferably
transmitted to the remote computing device in real-time.
However, it should be recognized that the GPS data can be
temporarily stored within the GPS unit (or in a memory
electronically coupled to the GPS unit), and transferred to the
remote computing device at a later time. In a block 52, the
remote computing device uses the GPS data to calculate an
idle time metric. Because the GPS unit is only on when the
ignition switch is on and the engine of the vehicle is assumed
to be running, an assumption can be made that the idle time
equals the accumulated time that the GPS unit is on, but the
vehicle is not changing position.

[0059] Inablock 54, the remote computing device uses the
GPS data to determine metrics corresponding to acceleration
time and acceleration magnitude. In a block 56, the remote
computing device uses the GPS data to determine metrics
corresponding to deceleration time and deceleration magni-
tude. In a block 58, the remote computing device uses the
GPS data to determine whether a driver has exceeded a speed
limit. Those of ordinary skill in the art will readily recognize
that several mapping databases exist that include a database
of speed limits and which enable a speed limit for a specific
portion of a route being driven by a vehicle to be determined
based on a particular geographical coordinate of the vehicle
following that route. GPS data includes an indication of the
speed of the vehicle at a particular time while the vehicle is at
a particular geographical location. Once the vehicle speed has
been determined for a particular geographical position, a
database can be consulted to determine the speed limit asso-
ciated with that position along the route, thereby enabling a
determination to be made as to whether the driver has
exceeded the speed limit. In a block 60, the plurality of
metrics calculated from the GPS data are used to determine
the driver’s performance ranking, generally as described
above in connection with FIGS. 1 and 2.

[0060] It should be recognized that the GPS data can be
used to calculate fewer metrics than those described above in
connection with FIG. 7, and that the metrics specifically
identified in FIG. 7 are intended to be exemplary, rather than
limiting. Furthermore, if the vehicle includes other sensors
for determining metrics, the sensor data can also be for-
warded to the remote computing device to be used in calcu-
lating the driver’s performance ranking, also generally as
described above. Furthermore, it should be recognized that
rather than (or in addition to) transmitting the GPS data to a
remote computing device, the GPS data can be conveyed to a
computing device on the vehicle, for determining the driver’s
performance ranking.

[0061] Preferably, performance rankings are determined
for each driver in a company (or each driver of a vehicle for
which driver performance is of interest), and posted publicly
so that drivers can compare each other’s individual perfor-
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mance rankings. The public display of driver performance is
expected to provide an incentive for drivers to improve their
driving performance rankings.

[0062] It should be understood that the concepts disclosed
herein encompass many differ types of performance metrics,
and different techniques for collecting them. In at least some
embodiments, as exemplified by FIG. 6, the performance
metrics are transmitted from the vehicle to a remote comput-
ing device by a wireless data link enabled GPS unit (such as
a GSM/GPS), that also collects location data during the vehi-
cle’s operation. It should be understood that such perfor-
mance metrics can also be collected using a data recorder that
does not have wireless data transmission capability, such that
data will need to be exported from the data recorder to a
remote computing device periodically, or the data recorder
will need to be removed from the vehicle and coupled to a
computing device periodically to export the data used to
calculate the driver performance metric(s).

[0063] While specific parameters or metrics used to derive
a driver performance metric have been discussed above, it
should be recognized that the following different parameters/
metrics are specifically encompassed herein. One or more
embodiments in which the performance metric is based at
least in part from data collected from one or more engine
control units (or vehicle computer) in a vehicle operated by
the driver whose performance is being measured. One or
more embodiments in which the performance metric is based
at least in part on fuel economy. One or more embodiments in
which the performance metric is based at least in part on
carbon footprint reduction. One or more embodiments in
which the performance metric is based at least in part on
minimizing fuel efficiency robbing behavior, including sud-
den braking, rapid acceleration and downshifting too early.
One or more embodiments in which the performance metric
is based at least in part on maximizing fuel efficiency enhanc-
ing behavior, including coasting to a stop (instead of staying
onthe accelerator until the last minute and then braking hard),
high average vehicle speeds with minimum time spent at
maximum vehicle speed, high percent trip distance in top gear
(90+% recommended), high percent distance in cruise con-
trol, minimum percent idle/PTO operation, minimum service
brake activity, low number of sudden decelerations, and low
service brake actuation’s/1000 miles.

[0064] Another aspect of the concepts disclosed herein is a
technique to monitor vehicle location data (i.e. GPS data)
over time to determine the actual operating speed of a fleet
vehicle. Many fleet operators have the ability to define maxi-
mum speed parameters on their vehicles. Maximum speed
parameters are defined to enhance safety and to reduce fuel
costs (statistics indicated that for heavy trucks every MPH
over 62 MPH reduces fuel economy by 0.1 MPG). However,
these speed settings can fail due to maintenance issues, or
driver manipulations. The maximum speed setting is based on
understanding the size of the vehicle’s tires. If during main-
tenance a different size tire is used as a replacement, the
predefined speed settings will be inaccurate. Because drivers
are often paid by the mile, drivers have an incentive to defeat
the maximum speed settings, and drivers may encourage the
use of different tire sizes, so they can go faster than the
maximum speed setting, to increase their earnings. Drivers
can also purchase and install aftermarket kits designed to
bypass speed governors, again so they can go faster than the
maximum speed setting, to increase their earnings. The con-
cepts disclosed herein encompass collecting GPS data during
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the operation of a fleet vehicle, and analyzing the location and
time parameters of that data to identify when a fleet vehicle
exceeds a predefined maximum speed. The GPS verified
speed metric can be used as a driver performance metric on its
own, or be combined with other metrics to generate a driver
performance metric.

[0065] Another aspect ofthe concepts disclosed herein is to
monitor manual overrides for cooling fans in fleet vehicles.
Such cooling fans, generally controlled by a vehicle engine
control unit (ECU) or vehicle computer, consume up to 50-70
HP, and measurably reduce fuel economy. Drivers who
habitually override the automatic fan settings can consume
unnecessary amounts of fuel. Thus the concepts disclosed
herein encompass monitoring a driver’s use of cooling fan
manual override, to facilitate an evaluation of a driver’s per-
formance, and to enable drivers who use such overrides
excessively to be identified and trained to reduce their use of
manual cooling fan overrides. The cooling fan manual over-
ride metric can be used as a driver performance metric on its
own, or be combined with other metrics to generate a driver
performance metric.

[0066] Another aspect ofthe concepts disclosed herein is to
monitor engine RPMs during a driver’s operation of a vehicle.
Over revving an engine can lead to increased fuel use and
engine wear. Drivers who habitually over rev their vehicles
engines can consume unnecessary amounts of fuel. Thus the
concepts disclosed herein encompass monitoring the RPM
parameters while a driver operates a vehicle, to facilitate an
evaluation of a driver’s performance, and to enable drivers
who consistently over rev their vehicle’s engines to be iden-
tified and trained to reduce their over revving behavior. The
over revving metric can be used as a driver performance
metric on its own, or be combined with other metrics to
generate a driver performance metric.

[0067] Another aspect ofthe concepts disclosed herein is to
monitor the shifting behavior during a driver’s operation of a
vehicle. Not running a heavy truck in the highest possible gear
when possible can lead to increased fuel use and engine wear.
Statistics indicate that every 10% drop of time in top gear
results in a 0.5% MPG loss. Thus the concepts disclosed
herein encompass monitoring shifting behavior while a driver
operates a vehicle, to facilitate an evaluation of a driver’s
performance, and to enable drivers who consistently under
shift to be identified and trained to reduce their over revving
behavior. The shifting pattern metric can be used as a driver
performance metric on its own, or be combined with other
metrics to generate a driver performance metric.

[0068] Another aspect ofthe concepts disclosed herein is to
monitor the amount if idle time during a driver’s operation of
a vehicle. Increased idle time leads to increased fuel use and
engine wear. Thus the concepts disclosed herein encompass
monitoring idle time behavior while a driver operates a
vehicle, to facilitate an evaluation of a driver’s performance,
and to enable drivers who excessively allow their vehicle to
idle to be identified and trained to reduce their excess idle
behavior. The excessive idle metric can be used as a driver
performance metric on its own, or be combined with other
metrics to generate a driver performance metric.

[0069] Another aspect ofthe concepts disclosed herein is to
monitor a load placed upon a vehicle’s engine during a driv-
er’s operation of a vehicle. While related to RPM, load is not
equivalent. An estimation of engine load is sometimes calcu-
lated by a vehicle ECU, and different manufacturers use
different combinations of parameters to calculate engine
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load, including but not limited to throttle position, RPM,
manifold pressure, air flow, temperature, air conditioning
clutch status, power steering pressure, and transmission gear
status. Where engine load is increased without performing
more useful work (i.e., carrying more cargo), increased fuel
use and engine wear result without a net benefit. Drivers who
habitually operate their vehicles under higher engine loads
than required consume unnecessary amounts of fuel. Thus the
concepts disclosed herein encompass monitoring engine load
while a driver operates a vehicle, to facilitate an evaluation of
a driver’s performance, and to enable drivers who consis-
tently over load their vehicle’s engines to be identified and
trained to reduce their over loading behavior. The engine load
metric can be used as a driver performance metric on its own,
or be combined with other metrics to generate a driver per-
formance metric.

Calculation of an Exemplary Performance Ranking

[0070] The calculation of an exemplary performance rank-
ing is described below in regard to one exemplary embodi-
ment. It should be recognized that this approach for determin-
ing the performance ranking is not intended to be limiting, but
rather to be illustrative of one contemplated valuation scheme
and performance ranking implementation. In the exemplary
performance ranking, a relatively higher numerical ranking
value is generally indicative of relatively poorer driver per-
formance. Thus, in this example, the lower the numerical
performance ranking, the better the driver’s performance.
[0071] In this example, the sensor data are collected for
various metrics corresponding to vehicle acceleration,
vehicle deceleration, vehicle idle time, and vehicle speed.
Each minute of acceleration time will be assigned one point.
Each minute of deceleration time will be assigned one point.
Each minute of idle time will be assigned one point. In this
example, the fleet operator is also particularly concerned with
drivers who violate speed limits on the freeway. Thus, each
minute where the vehicle speed exceeds 60 miles an hour
while the driver is driving the vehicle on the freeway will
result in five points (the fleet operator weighting excessive
vehicle speed five times greater than the other metrics). The
points are added together to achieve a combined total. The
total is then normalized to derive a numerical ranking value
for the driver. As noted above, the normalization can be based
on either distance driven or time of operation, or a combina-
tion thereof.

Calculation of a Work Based Performance Ranking Using
GPS Derived Slope Data

[0072] The concepts disclosed herein encompass using
data collected during the operation of a vehicle to calculate a
weight of the vehicle, and then using the calculated weight in
a performance analysis of the vehicle. The novel vehicle
weight calculation disclosed herein employs in part vehicle
position data collected while a vehicle is moving. The posi-
tion metric can be automatically determined using a global
positioning satellite (GPS) receiver installed in the vehicle, to
track the vehicle’s change in position over time. It should be
recognized that the GPS system is but one of a plurality of
different vehicle position sensing technologies that can be
employed.

[0073] Fundamentally, GPS systems calculate velocity in
three components (X, Y, Z or N/S, E/W, and Up/Down) based
on a Doppler shift of the GPS satellite signals. Scalar speeds
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can then be calculated from those three components. For
example, absolute speed or actual vehicle speed can be deter-
mined, as well as ground speed based on the shortest distance
between two points (i.e., based on distance as the crow flies).
[0074] Horizontal ground speed (V5) can be calculated
using the following relationship based on the Pythagorean
theorem:

Viros=V x4 (6]

[0075] To calculate a grade (G) the vehicle is traveling over
(as a percentage), one can take the Z/Up magnitude and divide
it by the horizontal ground speed, Vs, which results in the
following relationship:

100(Z) @
¢= Vuas
[0076] Replacing Z, x and y with directional vectors (such

as Up for Z, West for x and North for y, recognizing that such
directional vectors are exemplary, and may change based on
the actual GPS data collected from the vehicle) results in the
following relationship:

100(Up) 3)

VW2 4+ N2

[0077] Once one has derived G as discussed above, very
useful vehicle performance metrics can be determined.
[0078] One exemplary use of the slope data is to determine
the mass of the vehicle at that time. Mass is a useful metric
that can be used as a feedback metric for controlling certain
vehicle systems. Some vehicle engine control units (ECUs)
use torque output, engine RPMs, and vehicle velocity (noting
that scalar vehicle speed can be used for velocity) to calculate
a vehicle’s mass or weight (as used herein and in the claims
that follow, the terms mass and weight are used synony-
mously, because on the surface of the Earth, the acceleration
due to gravity (the “strength of gravity”) is approximately
constant; thus the ratio of the weight force of a motionless
object on the surface of the Earth to its mass is almost inde-
pendent of its location, so that an object’s weight force can
stand as a proxy for its mass, and vice versa). That ECU
weight/mass determination technique is error prone, because
it does not take into account any slope conditions. Even
though the ECU weight/mass determination technique is
error prone, the ECU weight/mass determination technique
mass estimation provides a metric that can be used to as a
feedback metric for various vehicle systems, including trans-
mission shift points, engine RPM control, and emission con-
trols. Having more accurate mass metrics (by including the
GPS derived slope data in a mass calculation) will provide an
improved mass metric. The concepts disclosed herein specifi-
cally encompass a GPS unit configured to use GPS data to
calculate slope, to use the slope data and other vehicle param-
eters to determine vehicle mass (generally as discussed
below), and then to provide a GPS slope based vehicle mass
metric to a vehicle ECU to be used as a metric to control
vehicle operation.

[0079] Vehicle mass can also be used as an analytical met-
ric to determine how much work a vehicle has performed.
Being able to accurately determine the amount of work a
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vehicle performs will help vehicle operators analyze their use
patterns to seek out efficiency improvements. The GPS
derived slope data enables more accurate vehicle mass calcu-
lations to be determined, which in turn will provide an
improved vehicle performance data set that can be mined to
identify areas in which efficiency improvements could be
made.

[0080] Having described the GPS based slope determina-
tion technique; the following relationships will be used to
obtain vehicle mass from the GPS determined slope (G).
These relationships define the forces acting on the vehicle,
and include a force related to a grade the vehicle is traveling
over, an aerodynamic force, a frictional force, and a force
applied by the vehicle to overcome the forces acting on the
vehicle. The understanding of these forces is not new, but
what is novel are techniques disclosed herein to measure
certain parameters that are used to calculate such forces.
Being able to measure those parameters, such as a grade the
vehicle is traveling over, enables more accurate force calcu-
lations to be performed, which in turn enables a better under-
standing of vehicle operational efficiency.

[0081] It should be understood that with respect to calcu-
lating mass, the equations discussed below refer to the veloc-
ity of the vehicle as a parameter. Vehicle speed is a scalar
quantity; whereas velocity is a vector (velocity is the rate of
change of the position of an object, equivalent to a specifica-
tion of its speed and direction of motion). In other words,
speed describes only how fast an object is moving; whereas
velocity gives both how fast and in what direction the object
is moving. In terms of using position data, such as GPS data,
to determine slope, position data changing over time provides
three-dimensional vectors (speed and direction) that can be
used to derive slope, generally as discussed above. With
respect to calculating mass, it is important to recognize that
scalar values can be used in place of vectors, while still
providing useful results. Thus, it should be understood that
the scalar parameter of vehicle speed can be used in place of
the velocity parameter discussed below when using the fol-
lowing relationships to determine vehicle mass. Vehicle
speed (which in the terms of vehicle arts is often inaccurately
referred to as velocity) is generally available in the vehicle
from a vehicle ECU or speed sensor (most over the road
vehicles, such as trucks and buses, are equipped with rela-
tively accurate speed sensors). While the GPS unit can be
used to determine vehicle speed by tracking changes in posi-
tion over time, in general the resolution of vehicle speed
measurements taken from vehicle speed sensors is greater
than a resolution of vehicle speed derived from changes in
GPS data over time (or other position data), and thus the use
of vehicle speed data from vehicle speed sensors is quite
useful for the following mass determination techniques.

[0082] A first force opposing a motion of the vehicle relates
to a grade or slope the vehicle is traveling over, which can be
defined using the relationship of Equation (4).

Serade=m*¢*G *
where m is vehicle mass and g is the local gravitational field
(i.e., Earth’s gravity).

[0083] A second force opposing a motion of the vehicle
relates to aerodynamic forces acting on the vehicle, which can
be defined using the relationship of Equation (5).
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where p is air density, C, is the coefficient of drag of the
vehicle, A is the frontal area of the vehicle, and v is the vehicle
velocity (which can be obtained from the vehicle data bus as
speed or from GPS data).

[0084] A third force opposing a motion of the vehicle
relates to frictional forces acting on the vehicle, which can be
defined using the relationship of Equation (6).

Srviction=Crr*m*g ¥ (1=G) Q)

where C,, is the coefficient of rolling resistance of the vehicle
(which is assumed to be constant), m is vehicle mass, g is the
local gravitational field (i.e., Earth’s gravity), and G is the
slope, which is calculated using the GPS data as discussed
above.

[0085] The force generated by the vehicle to overcome
these opposing forces can be defined using the relationship of
Equation (7).

M
T — 7
Vv

r

Sapplied =

where Tis engine output torque (as measured at the vehicle by
vehicle sensors/reported by the vehicle data bus), N is engine
RMPs (as measured at the vehicle by vehicle sensors/reported
by the vehicle data bus), v is the vehicle velocity (which can
be obtained from the vehicle data bus or from GPS data), it is
the mathematical constant defined as the ratio of any circle’s
circumference to its diameter, and r is the radius of the
vehicles tires.

[0086] Vehicle mass is a parameter in the grade and fric-
tional force relationships, of Equations (4) and (6), respec-
tively. The mass parameter itself can be defined using the
relationship of Equation (8).

e Sappiied = SFriction = fGrade = faero (8)
e

where m is vehicle mass and a is acceleration (which can be
obtained from the vehicle data bus or from GPS data). In an
exemplary embodiment, acceleration is obtained from the
vehicle sensors.

[0087] Equations (4)-(8) can be solved to obtain mass, as
defined using the relationship of Equation (9).

B Sapplied = faero )
a+g+(Crt5-CreS)

[0088] Note that the following parameters will be measured
during vehicle operation in order for mass to be calculated:
velocity (or speed), torque, RPM. Those parameters, com-
bined with the GPS derived slope data, and known parameters
(gravity, air density, rolling resistance, frontal area, drag, =
(p1), and tire radius, such parameters can be programmed into
the atelematics device or processor at the vehicle) can be used
by a processor in the vehicle to calculate mass. Velocity (or
speed), torque, and RPM represent metrics that many vehicles
already measure during vehicle operation, and thus can be
accessed by tapping into a vehicle ECU or data bus. The
concepts disclosed herein specifically encompass a GPS unit
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(or other position sensing unit) including a data port coupled
to a vehicle ECU/data bus and a processor configured to
calculate a GPS derived slope metric (generally as discussed
herein) and a vehicle mass metric (generally as discussed
herein, using in part the GPS derived slope data).

[0089] Having an accurate mass parameter, determined in
real-time during the operation of the vehicle, will enable a
more accurate measurement of the work being performed by
the vehicle to be measured. The work metric can be used as a
driver performance metric on its own, or be combined with
other metrics to generate a driver performance metric.
[0090] FIG. 8is a flow chart showing method steps imple-
mented in an exemplary embodiment, where position data
(such as GPS data) collected during the operation of a vehicle
is used to determine a slope or grade over which the vehicle is
being operated. That grade then can be used to calculate other
data, such as a weight or mass of the vehicle. In a block 120,
three dimensional position data (longitude, latitude and
elevation) is collected during vehicle operation. In at least
some embodiments, that data is conveyed from the vehicle to
a remote computing site (i.e., a monitoring/data storage loca-
tion) in real-time. In other embodiments, the position data is
stored in a memory in the vehicle, to be conveyed to a remote
computing site at a later time. In a block 122, the position data
is used to determine horizontal ground speed, using the rela-
tionship of Equation (1). Ina block 124, the horizontal ground
speed (from the GPS data) and the Z-axis position data is used
to determine the slope or grade, using the relationships of
Equations (2) and (3).

[0091] In an optional block 126, the slope data is used to
calculate a mass of the vehicle, using the relationship of
Equation (9). In at least some embodiments, the data process-
ing of blocks 122, 124, and 126 are performed by a remote
computing device. However, the concepts disclosed herein
encompass embodiments where some or all of the data pro-
cessing of blocks 122, 124, and 126 are performed by a
processor or logic circuit in the vehicle. In at least some
embodiments in which the data processing is implemented in
the vehicle, the mass parameter is used by an ECU in the
vehicle to control operating parameters of the vehicle. For
example, vehicle mass can be used as a feedback parameter
for controlling vehicle operations, including engine speed
(RPM), transmission gear selection, and fuel flow/mixture (to
control vehicle emissions). While using vehicle mass data
used as a feedback parameter for controlling vehicle opera-
tions has been implemented before, those implementations
have not used GPS derived slope data as a parameter to
determine vehicle mass.

[0092] FIG.9 graphically illustrates force vectors acting on
a vehicle, including a frictional force, an aerodynamic force,
a grade/slope related force, and a vehicle applied force used to
overcome the opposing forces. The forces are discussed
above in connection with Equations (4)-(7), and those rela-
tionships can be used to use GPS derived slope data to calcu-
late vehicle mass, as shown in Equation (9).

[0093] FIG.10 is a flow chart showing method steps imple-
mented in an exemplary embodiment, where GPS derived
slope data and vehicle mass data calculated using GPS
derived slope data position data are used to analyze vehicle
performance, to determine a cost per loaded mile. Because
the concepts disclosed herein provide an improved vehicle
mass parameter that is determined while a vehicle is operat-
ing, the analysis of the work performed by the vehicle, and the
cost per loaded mile calculation, are more accurate than have
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been heretofore obtainable using data derived by existing
techniques. In a block 120, three dimensional position data
(longitude, latitude and elevation) is collected during opera-
tion of the vehicle. As noted above, in at least some embodi-
ments, that data is conveyed from the vehicle to a remote
computing site (i.e., a monitoring/data storage location) in
real-time, while in other embodiments, the position data is
stored in a memory in the vehicle, to be conveyed to a remote
computing site at a later time. In a block 123, fuel use and
mileage data is collected during the operation of the vehicle.
In a block 126, GPS derived slope data is used to calculate
vehicle mass, generally as discussed above. Then, in a block
127, the mileage data, fuel use data, and vehicle mass data are
used to slope data is used to calculate a cost per loaded mile
metric.

[0094] Fleet operators recognize that cost per loaded is a
metric that can be analyzed to improve the efficiency of their
fleets, by allowing driver performance to be evaluated, and by
allowing different routes to be analyzed, to determine the
actual cost of servicing a particular route. While these con-
cepts are not new, what is new is the improved vehicle mass
metric that can be calculate in real-time while the vehicle is
operated, or at a later time, where the mass metric is available
for the duration of the vehicle operating segment (or trip).
Note that in the prior art, unless the vehicle was weighed
during the trip (i.e., before the trip, after the trip, or during the
trip at a scale stop) such accurate vehicle mass data was not
available, so the cost per loaded metric was error prone, or
accurate based on data collected at only a few selected seg-
ments of the trip. The concepts disclosed herein are based on
collecting vehicle operational data (fuel use, mileage, posi-
tion data, etc.) frequently (i.e., multiple times a minute, or at
least once every few minutes, such intervals being exemplary)
so that vehicle mass can be accurately calculated at almost
any time during the operation of a vehicle.

[0095] An exemplary data set collected from a vehicle will
include time indexed position data, engine RPM data, vehicle
torque data, and vehicle speed. This data will be collected
frequently (multiple times per minute, or a plurality of times
over a ten minute period) while the vehicle is operational.
Note that vehicle speed can be determined by analyzing posi-
tion data over time, or can be measured using a vehicle sensor
(note that comparing vehicle speed obtained from vehicle
sensors with vehicle speed calculated based on GPS data can
identify errors in the vehicle speed sensor, which can be
caused by incorrect tire sizes, or driver added speed cheating
devices designed to override vehicle speed governors). Such
a data set can also include other types of vehicle data, includ-
ing, but not limited to, data relating to the vehicle transmis-
sion (so drivers can be evaluated based on percentage of time
spent in the most efficient gear), data relating to the vehicle
braking system (so drivers can be evaluated based on their
braking behavior), data relating to the use of cooling fan
overrides (so drivers can be evaluated based on how often they
such an override that reduces fuel efficiency), data relating to
idle time (so drivers can be evaluated based on percentage of
time spent in wasting fuel by idling, noting that idle time can
be evaluated in light of position data, so that drivers are not
penalized for idling at traffic lights), data relating to the use of
avehicle’s cruise control system (so drivers can be evaluated
based on percentage of time spent driving at fuel efficient
speeds). Note this exemplary data set includes the data
required to calculate vehicle mass using GPS derived slope
data, generally as discussed above.
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[0096] FIGS. 11A-11C graphically illustrate histograms
that can be derived using the exemplary data set discussed
above. These histograms can be used by fleet operators to
evaluate the efficiency performance of individual drivers and/
or individual vehicles, being operated over specific routes
(the routes being defined by the position data). Each Figure
has a histogram based on a vehicle being operated with a
heavy load, and a histogram based on a vehicle being operated
with a light load. In FIG. 11A, speed histograms show a
percentage of time a vehicle is operated at specific speeds,
enabling fleet operators to determine how often the driver/
vehicle is using the most efficient vehicle speeds. The histo-
grams include bars that show load vs. speed, and time vs.
speed. In FIG. 11B, RPM histograms show a percentage of
time a vehicle is operated at specific RMP settings, enabling
fleet operators to determine how often the driver/vehicle is
using the most efficient engine speeds. The histograms
include bars that show load vs. RPM, and time vs. RPM. In
FIG. 11C, load histograms show a percentage of time a
vehicle is operated at specific load settings, enabling fleet
operators to determine how often the driver/vehicle is placed
under the most demanding loads. In exemplary embodiments,
when appropriate, the histograms of FIGS. 11A-11C can be
generated using the vehicle mass calculated using GPS
derived slope data, generally as discussed above.

[0097] FIGS. 12A and 12B graphically illustrate histo-
grams that can be derived using the exemplary data set dis-
cussed above. These histograms can be used by fleet operators
to evaluate the efficiency performance of individual drivers
and/or individual vehicles, being operated over specific
routes (the routes being defined by the position data). The
histogram of FIG. 12A includes bars that show the cost per
loaded mile and MPG for 14 different trips (each trip being
defined by a different set of position data from the exemplary
data set.). The histogram of FIG. 12B includes bars that show
the cost per loaded mile and MPG for 14 different trips, with
the data being normalized to a 30 ton load. In exemplary
embodiments, the histograms of FIGS. 12 and 12B are gen-
erated using the vehicle mass calculated using GPS derived
slope data, generally as discussed above.

Hosted Website for Tracking Driver Performance Data

[0098] One aspect of the concepts disclosed herein is a
hosted website, enabling drivers and fleet operators to moni-
tor the performance of drivers, based on data collected during
the drivers operation of a vehicle. In at least one embodiment,
drivers can compare their performance metrics to those of
their peers, although the concepts disclosed herein also
encompass embodiments where individual drivers can only
see their own performance scores. Fleet operators can use
these performance metrics as incentives, by linking driver pay
with performance.

[0099] In general, one or more performance metrics are
automatically collected while a driver is operating a vehicle,
and that data is used to generate a score or rating of the
driver’s performance. In at least one embodiment, the score is
normalized to enable driver scores from other types of
vehicles to be compared. Then, the driver performance data is
posted to the hosted website.

[0100] In at least one related embodiment, fleet operators
will pay drivers using a mileage component (i.e., paying
drivers a fixed rate per loaded mile), while also making addi-
tional payments to drivers meeting predefined performance
characteristics. The hosted website can be used as a forum to
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enable drivers to track their progress in achieving their pay for
performance goals. Fleet operators will have a wide degree of
freedom in designing pay for performance goals or cam-
paigns. For example, Fleet A can design a campaign in which
only drivers having performance scores in the top 10% of the
fleet will earn performance pay. Fleet B can design a cam-
paign in which only the top 25 scoring will earn performance
pay during a particular campaign. Fleets can predefine the
amount of performance pay each driver can earn. Fleets can
also predefine a performance pay pool, such that the share of
the pool earned by each driver is a function of the number of
drivers meeting predefined performance goals for the cam-
paign.

[0101] In atleast one embodiment, the performance metric
will be a work based performance metric whose calculation
involves using vehicle mass determined using GPS derived
slope data, generally as discussed above.

[0102] Itshouldberecognized that performance campaigns
can be metric specific (hard braking performance, idle time
performance, such metrics being exemplary and not limit-
ing), or can be based on a single normalized score (cost per
loaded mile), but will share in common the characteristic of
being implemented for a defined period of time. Drivers will
learn to associate such campaigns with opportunities to
increase their pay by meeting the performance goals of indi-
vidual campaigns.

[0103] FIG. 13 is a flow chart showing method steps imple-
mented in an exemplary embodiment. In a block 62, the
hosted website defines a campaign (noting that the website
host may be a fleet operator providing the website for only
their drivers, or the hosting website host may be offering the
driver performance campaign to drivers from multiple fleets).
Parameters of the campaign being defined will likely include
a duration of the campaign, the prize or performance pay
being offered, the eligible pool drivers, and any rules govern-
ing disqualification (such as any safety violation or speeding
ticket automatically disqualifying a driver), noting that such
parameters are exemplary, and not limiting. The concepts
disclosed herein encompass embodiments in which cam-
paigns are fleet specific, such that only drivers from a specific
fleet can participate in that campaign (in such an embodiment,
the specific fleet is likely funding the prize, although some
third party, such as a favored vendor, customer, or advertiser
might offer to fund the prize). The concepts disclosed herein
encompass embodiments in which campaigns are not fleet
specific, such that drivers from multiple fleets can participate
in that campaign (in such an embodiment, an advertiser or
transportation industry vendor might offer to fund the prize).

[0104] In at least one embodiment, the campaign duration
is open ended, in that the hosted website will track a drivers’
performance data over time, so the driver can use that data to
look for other employment opportunities. For example, fleets
would likely compete among themselves for drivers having a
combination of experience and high performance rankings.

[0105] In a block 64, driver performance data is posted to
the hosted website. The concepts disclosed herein encompass
permutations and combinations of the following: embodi-
ments in which fleet operators can view performance rank-
ings for all of their drivers, but not drivers of other fleets,
embodiments in which drivers can only view their own per-
sonal performance ranking, embodiments in which drivers
can view performance ranking for all of the drivers in their
fleet, but not drivers of other fleets, and very transparent
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embodiments, in which interested parties can visit the website
and peruse driver performance rankings with little restric-
tions.

[0106] Inablock 66, atthe end of the defined campaign, the
winning driver (or drivers) are announced and paid a perfor-
mance pay bonus. Note that the concepts disclosed herein can
be extended to other types of incentives, such as vacation
time, paid travel, tickets to sporting events, and/or goods and
services.

[0107] As noted above, in some embodiments, campaign
participants are limited to drivers in a specific fleet (i.e., an
intra-company or intra-fleet campaign). In such embodi-
ments, that fleet generally will be paying the performance
bonuses for the campaign. In other embodiments, campaign
participants are not limited to drivers in only one specific fleet
(i.e., an inter-company or inter-fleet campaign). In such an
embodiment, a third party may be paying the performance
bonuses for the campaign. For example, companies providing
goods and services to the trucking or vehicle transportation
industry may sponsor such a campaign for advertising pur-
poses. A particular fleet operator seeking to attract the atten-
tion of drivers in other fleets might also be a sponsor of an
inter-company campaign. FIG. 14 is a block diagram indicat-
ing that block 62 of FIG. 13 can encompass both intra-com-
pany campaigns, as indicated in a block 68, as well as inter-
company campaigns, as indicated in a block 70. FIG. 15 is a
block diagram indicating that the performance bonus can
encompass both intra-company payouts, as indicated in a
block 74 (where those bonus funds are used only to pay
drivers of a specific fleet), as well as inter-company payouts
(where those bonus funds are used to pay any winning driver,
regardless of fleet), as indicated in a block 76.

[0108] In at least one aspect of the concepts disclosed
herein, the performance metric is designed to facilitate com-
parison of driver performance data across different fleets, and
different vehicles. This will enable individual campaigns to
include more participating drivers, which in turn will bring in
more advertising revenue to fund bigger performance
bonuses. In at least one embodiment, such a metric is mutu-
ally agreed upon by a plurality of different fleet operators.
Adoption of a common performance metric across multiple
fleets will enable top performing drivers to be able to show
their cumulative performance scores to other participating
fleet operators, providing an additional tool for fleets to use
when evaluating potential new hires. Such a common perfor-
mance metric will also enable participating fleet operators to
appear more attractive as potential employers than non-par-
ticipating fleet operators, who will not be offering the drivers
the potential of earning the additional performance based
income (i.e., income in addition to the industry standard pay
by the mile driver compensation).

[0109] The concepts disclosed herein encompass embodi-
ments in which individual fleet operators host their own web-
site, where driver rankings in that fleet can be compared. In
other embodiments, the website is hosted by a third party, and
multiple fleet operators participate. The third party can offset
their costs for operating the website by charging participating
fleet operators a fee, and/or by advertising revenue. In some
embodiments, all driver performance data is displayed in an
anonymous format, so that individual drivers cannot be iden-
tified unless the driver shares their user ID. In some embodi-
ments, drivers can only compare their score with drivers in
their own fleet, while in other embodiments drivers can see
the performance data of drivers in other fleets.
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[0110] FIG. 16 is a functional block diagram of various
elements that can be employed to implement the hosted driver
performance website concept, in one exemplary embodi-
ment. The elements includes a plurality of enrolled vehicles
148a-148¢ (noting that the concepts disclosed herein can be
applied to a different number of vehicles), a plurality of
drivers 152a-152¢ (noting that the concepts disclosed herein
can be applied to a different number of drivers), a plurality of
vehicle operators 156a-156¢ (noting that the concepts dis-
closed herein can be applied to a different number of vehicle
operators), and a remote monitoring service 150. Each
vehicle includes the components discussed above in connec-
tion with FIG. 3 (noting the number and types of sensors
disclosed in FIG. 3 are exemplary, and not limiting), enabling
the vehicle to convey performance data from the vehicle to
remote monitoring service 50, which monitors the perfor-
mance data from each vehicle 148a-148¢ over time to enable
the driver’s performance while operating that vehicle to be
evaluated. In an exemplary embodiment monitoring service
150 generates a webpage (as indicated by webpages 154a-
154¢) for each vehicle operator, so the vehicle operator can
review the performance rankings of each of their drivers. It
should be understand that the concepts disclosed herein also
encompass other website designs, and the webpage per fleet is
not the only possible model. In one embodiment, drivers will
have their own webpage 1544 (alternatively, drivers can
access the webpage for their specific fleet).

[0111] It should be understood that monitoring service 150
is implemented using a remote computing device, and that the
term remote computing device is intended to encompass net-
worked computers, including servers and clients, in private
networks or as part of the Internet. The monitoring of the
vehicle/driver performance data and driver performance
ranking by monitoring service 150 can be performed by mul-
tiple different computing devices, such that performance data
is stored by one element in such a network, retrieved for
review by another element in the network, and analyzed by
yet another element in the network.

[0112] FIG. 17 is an exemplary screen shot of a webpage
accessed by a driver to review his (or her) performance rank-
ing. It should be understood that the exemplary webpage of
FIG. 17 is based on having a webpage upon which drivers for
a specific fleet can view their individual scores, as well as the
scores of other drivers in their fleet. The concepts disclosed
herein specifically encompass embodiments where drivers
can view only their own performance rankings, in which case
a different webpage design would be employed.

[0113] Referring to FIG. 17, a webpage 100 includes a first
portion 102 that enables a driver to select a specific driver
from among a plurality of drivers. The driver identities can be
made anonymous, as shown in F1G. 17 (numbers, not names),
or some fleets may wish to list drivers by name (noting that
privacy and consent issues for such a scheme are not dis-
cussed herein). It should be understood that webpage 100 can
be unique to only one driver, such that portion 102 is not
required. Using numbers to identify drivers enables indi-
vidual drivers to look at the scores of their peers, without
being able to individually identify which driver obtained what
score. The driver will likely only know his or her own unique
number, and thus will only be able to personally identify his
or her own score. Webpage 100 also includes a results section
104, where details of the selected driver’s performance rank-
ing are disclosed. It should be understood that the elements
shown on webpage 100 can be displayed on different portions
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of the webpage, or on different webpages and/or different
websites, instead of together. Webpage 100 also includes an
ad section 112, where the website host can earn revenue by
displaying advertising, and a performance tip section 106,
where the website host provides tips to the driver for improv-
ing their performance ranking.

[0114] Referring to first portion 102, a driver has selected
driver number ZONAO0047 (noting that any type of driver
identification can be employed), such that the data displayed
in results section 104 and performance tip section 106 relate
to driver ZONAOQO47. As shown in FIG. 17, results section
104 includes results from three different campaigns, recog-
nizing that in some embodiments drivers will be participating
in multiple campaigns (although it should be recognized that
the concepts disclosed herein encompass embodiments
where drivers participate a greater number of campaigns, or
fewer campaigns, including only a single campaign (noting
the duration of the single campaign could span the driver’s
career).

[0115] Referring to results section 104, exemplary (but not
limiting) information displayed herein includes details on the
campaign, whether the campaign is inter-company or intra-
company, and the driver’s performance ranking for that cam-
paign. A visual guide to the driver’s relative performance is
displayed using a plurality of fuel pump icons (where a
greater number of fuel pump icons, or other graphical icons,
indicates a better performance rating). As shown, webpage
100 is based on displaying 10 fuel pump icons for each
campaign (icons 108a-108¢), enabling the driver’s perfor-
mance to be graphically displayed on a scale of 1 to 10. Thus,
a driver whose performance ranking is in the top 807 percen-
tile would have 8 solid or un-shadowed fuel pumps. Recog-
nizing that while only full icons are displayed in this example,
partial fuel pump icons can be used as well, to provide frac-
tional ratings, or numbers between 0 and 10 can be rounded
up to the next whole number. Radio buttons 110a-c can be
used by the driver to select performance tips for the particular
campaign to be displayed in section 106.

[0116] With respect to webpage 100, it should be under-
stood that the design of webpage 100 is intended to be exem-
plary, and different webpage designs can be employed; and
further, that the data on webpage 100 can be provided to the
vehicle operator on more than one webpage. If desired, access
to webpage 100 can be restricted only to the fleet operator
employer the driver and the driver themself. However, pro-
viding other drivers access to webpage 100 will enable drivers
to see how they rank compared to their peers, encouraging
drivers to compete amongst themselves to collect the perfor-
mance bonus available in campaigns.

[0117] Referring once againto section 104 of webpage 100,
note that a first campaign (associated with radio button 110q)
is identified as INTRA-COMPANY RANKING. This cam-
paign is a fleet sponsored campaign for all of the fleet drivers
to compete with each other for a performance bonus. Driver
ZONAQ047 ranks as 8377 out of 225 drivers, with lower num-
bers indicating better performance (i.e., the top ranking driver
would be ranked as 1, noting that the fleet operator could have
reversed the logic, such that 225 was the top ranking driver).
Being the 83" lowest ranking driver out of a fleet of 225
drivers places driver ZONAO047 in the top 63% ((225-83)/
(225*100)=63.11%). Six fuel pump icons 108a are filled in.
The campaign parameters are summarized, indicating that
drivers having rankings from 1-25 (i.e., the top 88.89%)
across the entire fleet share in the bonus pool assigned to this
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campaign. Driver ZONAO0047 needs to increase his ranking
from 8377t0 25" in order to be eligible for a share in the bonus
pool. Note that campaigns can be configured such that the top
25 drivers earn equal shares of the bonus pool, and campaigns
can also be configured such that higher ranking drivers (i.e.,
closer to #1) earn a proportionally larger share of the bonus
pool.

[0118] Referring onceagainto section 104 of webpage 100,
note that a second campaign (associated with radio button
1105) is identified as INTRA-COMPANY CAMPAIGN
XYZ. This campaign is a fleet sponsored campaign for all of
the fleet drivers to compete with each other for a performance
bonus. Driver ZONAO0047 has no ranking indicated in the
campaign, thus all ten fuel pump icons 1085 are shadowed or
empty. The campaign parameters are summarized, indicating
that Campaign XY Z includes a bonus pool to be shared by the
10 fleet drivers having the most improved performance scores
for December 2011. Driver ZONAOO47 has selected radio
button 11054 so that performance tips and additional informa-
tion related to Campaign XYZ are displayed in section 106.
Those performance tips include a first tip indicating that late
shifting reduced Driver ZONA0047’s performance ranking
by 9.2% over the last 14 days. A second performance tip
indicates that hard breaking events reduced Driver
ZONAO0047’s performance ranking by 5.3% over the last 19
days. Finally, the last performance tip indicates that excessive
idling on Dec. 11, 2011 disqualified Driver ZONA0047 from
Campaign XYZ. It should be recognized that the specific
performance tips shown in section 106 are intended to be
exemplary, and not limiting. The actual performance tips
displayed will be related to the specific campaign, and
designed to provide feedback to individual driver’s to enable
them to identify behaviors that have reduced their perfor-
mance ranking.

[0119] In some embodiments section 112 includes banner
ads targeted to drivers. In other embodiments section 112
includes advertising from vendors who are sponsoring spe-
cific campaigns, or who are sponsoring hosting of the driver
performance ranking website. The advertising can be a mix-
ture of those different types, and other types of advertising.

Exemplary System Environment

[0120] FIG. 18 is a functional block diagram of an exem-
plary system employed to implement some of the concepts
disclosed herein. The functional block diagram illustrates
exemplary components used in each vehicle 128 that is
enrolled in a vehicle/driver performance monitoring service,
to implement some of the method steps discussed above. An
exemplary vehicle/driver performance monitoring service is
based on adding an optional data buffer 136 (or other short-
term memory storage) and a bi-directional data link 134 to
each enrolled vehicle (in an exemplary, but not limiting
embodiment, the data buffer and data link are combined into
a single component). It should be understood that the short
term memory storage is not required for embodiments where
the performance data transmitted from the enrolled vehicle
does not include operational, vehicle, or driver related data
that must be briefly stored. In an exemplary embodiment, the
data link is a combination radio frequency (RF) transmitter
and receiver, although separate transmitters and receivers
could be used (note the term RF specifically encompasses
cellular telephone based data links) A data terminal can
optionally be included in the vehicle to facilitate operator
entry of information and operator transmission of informa-
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tion that is presented to the operator on a display within the
vehicle. Data collected on a portable data collection device
during an inspection can also be uploaded through such a data
terminal, or independently by direct transmission to the
remote monitoring service. While RF data transmission rep-
resents an exemplary embodiment, other types of data trans-
mission could be employed. If the vehicle does not already
include performance data/operational data collecting compo-
nents 130, such components are added. Most vehicles manu-
factured today include operational data collecting compo-
nents already, as many oftoday’s vehicles are designed to use
such continuously generated operational data to control
operation of the vehicle in real-time, and such vehicles gen-
erally include data collecting components, data buses, and
controllers that use the operational data to control the opera-
tion of the vehicle. The vehicle includes at least one processor
132 that performs the function of managing the transmission
of performance data from the vehicle to the remote monitor-
ing service, according to one or more of the transmission
paradigms discussed herein. In embodiments where the per-
formance data includes temporary storage of operational
data, the processor also implements the function of tempo-
rarily storing operational data from components 130 in data
buffer 136 or other temporary storage, and using bi-direc-
tional data link 134 to convey real-time performance data
and/or the buffered operational/performance data from the
enrolled vehicle to a remote computing device 140 (which is
used to analyze the performance of the vehicle and/or driver).
It should be understood that those processor functions can be
implemented by a single processor, or distributed across mul-
tiple processors.

[0121] In some embodiments, an output 138 is also
included, to provide information to the driver in a form that
can be easily understood by the driver. Output 138 can be
implemented using a speaker providing an audible output,
and using a display providing a visual output. Note that output
138 can be combined into a single component with the data
buffer and the data link, so only a single additional component
is added to the vehicle (recognizing that most vehicles already
include the additional required components, such as the
operational data collecting components and the processor).

[0122] While not specifically shown in FIG. 18, in particu-
larly preferred embodiments the vehicle is equipped with a
GPS unit (exemplary GPS units are illustrated in FIGS. 6 and
20). In a related preferred embodiment the processor, the GPS
component, any buffer, and data link are combined into a
single telematics device. Such a device will send GPS and
vehicle/driver performance data to the remote computing
device discussed below at a plurality of different times during
the course of the operation of the vehicle. In general, the
telematics device will transmit data at intervals ranging from
as frequently as every 5 to 15 seconds, or as rarely as every 5
minutes, recognizing that such intervals can vary, and are
intended to be exemplary, and not limiting.

[0123] As indicated in FIG. 18, remote computing device
140 (operated by the monitoring service) is logically coupled
via a network 142 (such as the Internet) to a computing device
144 (such as a personal computer, a tablet, or a smart phone)
accessible to a driver (in embodiments where driver perfor-
mance rankings are shared with drivers, noting only one such
driver device is shown in the Figure; however, the monitoring
service will likely be monitoring the performance of a plural-
ity of drivers, each likely having access to a different com-
puting device 144), and a computing device 146 accessible to
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avehicle operator (noting that in at least some embodiments,
the monitoring service performs the monitoring function for
aplurality of different vehicle operators/fleets). Network 142
facilitates communication between computing devices 140,
144, and 146, enabling the monitoring service to efficiently
communicate with drivers and vehicle operators. It should be
noted that the concepts disclosed herein encompass embodi-
ments where the monitoring service and vehicle operator are
the same entity.

[0124] The concepts disclosed herein are in at least some
embodiments intended to be used by fleet owners operating
multiple vehicles, and the performance data conveyed to the
remote location for diagnosis will include an ID component
that enables each enrolled vehicle to be uniquely identified.

Exemplary Computing Environment

[0125] FIG. 19 is a functional block diagram of an exem-
plary computing device that can be employed to implement
some of the method steps disclosed herein. It should be under-
stood that the concepts disclosed herein encompass process-
ing of data collected at a vehicle both in the vehicle and at a
remote computing device.

[0126] FIG. 19 schematically illustrates an exemplary com-
puting system 250 suitable for use in implementing the pro-
cessing functions disclosed herein. Exemplary computing
system 250 includes a processing unit 254 that is functionally
coupled to an input device 252 and to an output device 262,
e.g., a display (which can be used to output a result to a user,
although such a result can also be stored). Processing unit 254
comprises, for example, a central processing unit (CPU) 258
that executes machine instructions for carrying out an analy-
sis of performance data (and in some embodiments, of posi-
tion data) collected from enrolled vehicles, to identify
mechanical faults in the enrolled vehicles. The machine
instructions implement functions generally consistent with
those described above. CPUs suitable for this purpose are
available, for example, from Intel Corporation, AMD Corpo-
ration, Motorola Corporation, and other sources, as will be
well known to those of ordinary skill in this art.

[0127] Also included in processing unit 254 are a random
access memory (RAM) 256 and non-volatile memory 260,
which can include read only memory (ROM) and may include
some form of memory storage, such as a hard drive, optical
disk (and drive), etc. These memory devices are bi-direction-
ally coupled to CPU 258. Such storage devices are well
known in the art. Machine instructions and data are tempo-
rarily loaded into RAM 256 from non-volatile memory 260.
Also stored in the non-volatile memory are operating system
software and ancillary software. While not separately shown,
it will be understood that a generally conventional power
supply will be included to provide electrical power at voltage
and current levels appropriate to energize computing system
250.

[0128] Input device 252 can be any device or mechanism
that facilitates user input into the operating environment,
including, but not limited to, one or more of a mouse or other
pointing device, a keyboard, a microphone, a modem, or other
input device. In general, the input device will be used to
initially configure computing system 250, to achieve the
desired processing (i.e., to monitor vehicle performance data
over time to detect a mechanical fault). Configuration of
computing system 250 to achieve the desired processing
includes the steps of loading appropriate processing software
into non-volatile memory 260, and launching the processing
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application (e.g., loading the processing software into RAM
256 for execution by the CPU) so that the processing appli-
cation is ready for use. In embodiments where computing
system 250 is implemented in a vehicle, the computing sys-
tem 250 can be configured to run autonomously, such that a
user input device not regularly employed.

[0129] Output device 262 generally includes any device
that produces output information, but will most typically
comprise a monitor or computer display designed for human
visual perception of output. Use of a conventional computer
keyboard for input device 252 and a computer display for
output device 262 should be considered as exemplary, rather
than as limiting on the scope of this system. In embodiments
where computing system 250 is implemented in a vehicle, the
computing system 250 can be vehicle performance data (and
position data when desired) collected in connection with
operation of enrolled vehicles to configured to run autono-
mously, such that a user output device not regularly
employed.

[0130] Datalink 264 is configured to enable data to be input
into computing system 250 for processing. Those of ordinary
skill in the art will readily recognize that many types of data
links can be implemented, including, but not limited to, uni-
versal serial bus (USB) ports, parallel ports, serial ports,
inputs configured to couple with portable memory storage
devices, FireWire ports, infrared data ports, wireless data
communication such as Wi-Fi and Bluetooth™, network con-
nections via Ethernet ports, and other connections that
employ the Internet.

[0131] Note that vehicle/driver performance data from the
enrolled vehicles will be communicated wirelessly in at least
some embodiments, either directly to the remote computing
system that analyzes the data to evaluate the driver’s perfor-
mance, or to some storage location or other computing system
that is linked to computing system 250.

[0132] Itshould be understood that the terms “remote com-
puter”, “computing device”, and “remote computing device”
are intended to encompass a single computer as well as net-
worked computers, including servers and clients, in private
networks or as part of the Internet. The vehicle/driver perfor-
mance data received by the monitoring service from the
vehicle can be stored by one element in such a network,
retrieved for review by another element in the network, and
analyzed by yet another element in the network. While imple-
mentation of the methods noted above have been discussed in
terms of execution of machine instructions by a processor
(i.e., the computing device implementing machine instruc-
tions to implement the specific functions noted above), the
methods could also be implemented using a custom circuit
(such as an application specific integrated circuit or ASIC).
[0133] The concepts disclosed herein encompass collect-
ing data from a vehicle during operation of the vehicle. The
data collected is used to analyze the performance of at least
one of the driver and the vehicle. In preferred embodiments,
the data is collected during operation of the vehicle and wire-
lessly transmitted from the vehicle during its operation to a
remote computing device using a cellular phone network
based data link. The frequency of such data transmissions can
be varied significantly. In general, more data is better, but data
transmission is not free, so there is a tension between cost and
performance that is subject to variation based on an end user’s
needs and desires (some users will be willing to pay for more
data, while other users will want to minimize data costs by
limiting the quantity of data being transferred, even if that
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results in a somewhat lower quality data set). The artisan of
skill will be able to readily determine a degree to which data
quality can be reduced while still provide useful data set.
Exemplary GPS Device with Onboard Computing Environ-
ment

[0134] FIG. 20 is a functional block diagram of an exem-
plary telematics device added to an enrolled vehicle to imple-
ment one or more of the methods of FIGS. 1, 2, 7, 8 and 10.
[0135] An exemplary telematics unit 160 includes a con-
troller 162, a wireless data link component 164, a memory
166 in which data and machine instructions used by controller
162 are stored (again, it will be understood that a hardware
rather than software-based controller can be implemented, if
desired), a position sensing component 170 (such as a GPS
receiver), and a data input component 168 configured to
extract vehicle data from the vehicle’s data bus and/or the
vehicle’s onboard controller (noting that the single input is
exemplary, and not limiting, as additional inputs can be
added, and such inputs can be bi-directional to support data
output as well).

[0136] The capabilities of telematics unit 160 are particu-
larly useful to fleet operators. Telematics unit 160 is config-
ured to collect position data from the vehicle (to enable
vehicle owners to track the current location of their vehicles,
and where they have been) and to collect vehicle operational
data (including but not limited to engine temperature, coolant
temperature, engine speed, vehicle speed, brake use, idle
time, and fault codes), and to use the RF component to wire-
lessly convey such data to vehicle owners. The exemplary
data set discussed above in connection with calculated loaded
cost per mile can also be employed. These data transmission
can occur at regular intervals, in response to arequest for data,
or in real-time, or be initiated based on parameters related to
the vehicle’s speed and/or change in location. The term “real-
time” as used herein is not intended to imply the data are
transmitted instantaneously, since the data may instead be
collected over a relatively short period of time (e.g., over a
period of seconds or minutes), and transmitted to the remote
computing device on an ongoing or intermittent basis, as
opposed to storing the data at the vehicle for an extended
period of time (hour or days), and transmitting an extended
data set to the remote computing device after the data set has
been collected. Data collected by telematics unit 160 can be
conveyed to the vehicle owner using RF component 164. If
desired, additional memory can be included to temporarily
store data id the RF component cannot transfer data. In par-
ticularly preferred embodiments the RF components is GSM
or cellular technology based.

[0137] Inatleast one embodiment, the controller is config-
ured to implement the method of FIG. 1 by using one or more
of data collected from GPS 170 and data from input 168. In a
related embodiment, the controller is configured to imple-
ment the method of FIG. 2 by using one or more of data
collected from GPS 170 and data from input 168. In yet
another related embodiment, the controller is configured to
implement steps of the method of FIG. 7.

[0138] Inanother embodiment, the controller is configured
to implement steps of the method of FIG. 8. Once the vehicle
mass has been determined, that data can be added to GPS data
that is transmitted to a remote computing device. In a related
embodiment, input 168 is bi-directional, and the vehicle mass
is output from the telematics device onto a vehicle data bus,
and can be used by an ECU to control vehicle operations.
ECUs have been developed to use estimates of vehicle mass
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to control engine speed and transmission shifting, however,
those estimates of vehicle mass have not been based on GPS
derived slope data, and as such those prior art vehicle mass
estimations have been less accurate than the vehicle mass
calculations based on GPS derived slope data as disclosed
herein.

[0139] In addition to using GPS or position data to derive
slope, it should be noted that if the vehicle is equipped with a
multi-axis accelerometer (such as a 3-D accelerometer), that
the data from the accelerometer can be used in place of the
position data to calculate slope. Essentially, the position data
over time provides vectors, and the accelerometer data pro-
vides similar vectors. The vectors from the 3-D accelerometer
can be used in place of the GPS derived vectors in Equations
1-3 discussed above. Once slope has been determined using
the 3-D accelerometer data, mass can be derived using the
relationships discussed above. Performance metrics can be
similarly determined, generally as described above, using
slope derived from 3-D accelerometer data.

[0140] Where a vehicle is equipped both with a 3-D accel-
erometer and a position tracking component (such as a GPS
receiver), input from both sources can be used to calculate
velocity in three components (X, Y, Z or N/S, E/W, and
Up/Down). Using data from two input sources may increase
the accuracy of the slope thus derived using Equations 1-3. If
it is determined that data from the 3-D accelerometer is gen-
erally more accurate than data from the GPS component (or
other position tracking component), or vice versa, then the
input data from the relatively more accurate source can be
afforded more weight when being used to calculate the three
required velocity components (X, Y, Z or N/S, E/W, and
Up/Down). In at least one embodiment encompassed by the
concepts disclosed herein, a GPS receiver at the vehicle incor-
porates a 3-D accelerometer, so both inputs (GPS and 3-D
accelerometer) are available to a processor for the calculation
of the slope.

[0141] Although the concepts disclosed herein have been
described in connection with the preferred form of practicing
them and modifications thereto, those of ordinary skill in the
art will understand that many other modifications can be
made thereto within the scope of the claims that follow.
Accordingly, it is not intended that the scope of these con-
cepts in any way be limited by the above description, but
instead be determined entirely by reference to the claims that
follow.

The invention in which an exclusive right is claimed is
defined by the following:

1. A system for producing a performance metric indicative
of a performance of a driver using at least in part slope data
derived from vehicle position data, comprising:

(a) at least one vehicle data acquisition component dis-
posed at the vehicle, the at least one vehicle data acqui-
sition component being configured to collect time
indexed vehicle data, the time indexed vehicle data com-
prising:

(1) position data;

(ii) speed data;

(iii) torque data; and

(iv) engine speed data; and

(b) at least one processor, the at least one processor being
configured to implement the functions of:

(1) determining a slope the vehicle is traveling over at a
specific point in time based on the vehicle position
data at that point in time;
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(ii) determining a mass of the vehicle at a specific point
intime, based on the slope the vehicle is traveling over
at that point in time, the speed data at that point in
time, the torque data at that point in time, and the
engine speed data at that point in time; and

(iii) producing the performance metric of the driver’s
operation of the vehicle based at least in part on the
mass of the vehicle, the mass having been determined
using slope data derived from vehicle position data.

2. The system of claim 1, wherein the function of deter-
mining the slope the vehicle is traveling over at the specific
point in time is implemented by a processor executing the
steps of:

(a) determining a horizontal ground speed of the vehicle at

the specific point in time based on the position data; and;

(b) determining the slope the vehicle is traveling over at
that point in time, based on the horizontal ground speed
and Z axis position data at that point in time.

3. The system of claim 2, wherein the at least one vehicle
data acquisition component comprises a position sensing
component, and the processor executing the step of determin-
ing the horizontal ground speed of the vehicle uses velocity
data derived from changes in position data determined by the
position sensing component over time.

4. The system of claim 1, wherein the at least one vehicle
data acquisition component comprises a position sensing
component, and the processor executing the step of determin-
ing the mass of the vehicle uses velocity data derived from
changes in position data determined by the position sensing
component over time.

5. The system of claim 1, wherein the at least one vehicle
data acquisition component comprises a position sensing
component and a speed sensing component, and the processor
executing the step of determining the mass of the vehicle uses
speed data generated at the vehicle by the speed sensing
component.

6. The system of claim 1, wherein the at least one processor
is configured to produce a cost per loaded mile performance
metric.

7. The system of claim 1, wherein the atleast one processor
used to determine slope and vehicle mass is part of the
vehicle.

8.The system of claim 7, further comprising a wireless data
link in the vehicle and a second processor disposed remote
from the vehicle, wherein:

(a) the at least one processor in the vehicle is further con-
figured to use the data link to convey the vehicle data, the
slope, and the vehicle mass to the second processor; and

(b) the second processor is configured to use the vehicle
data, the slope, and the vehicle mass to produce the
performance metric of the driver’s operation of the
vehicle.

9. The system of claim 1, wherein the atleast one processor

is disposed remote from the vehicle, and further comprising a
wireless data link in the vehicle to convey the vehicle data to
the at least one processor remote from the vehicle.

10. The system of claim 1, further comprising a display in
the vehicle on which the performance metric is displayed to
the driver.

11. A vehicle telematics system for use in a vehicle, the
vehicle telematics system comprising:

(a) apositioning sensing component for collecting position

data from the vehicle during vehicle operation, the posi-

tion data being time indexed; and
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(b) at least one performance metric determining compo-
nent selected from a group of performance metric deter-
mining components consisting of:

(1) a first component comprising a processor configured
to implement the functions of determining a slope the
vehicle is traveling over at a specific point in time
based on the position data, determining a mass of the
vehicle based on slope, speed data, torque data, and
engine speed data; and producing a driver perfor-
mance metric based at least in part on the mass of the
vehicle;

(ii) a second component comprising a wireless data link
to a remote processor configured to implement the
functions of determining a slope the vehicle is travel-
ing over at a specific point in time based on the posi-
tion data, determining a mass of the vehicle based on
slope, velocity data, torque data, and engine speed
data; and producing a driver performance metric
based at least in part on the mass of the vehicle; and

(c) a display on which the driver performance metric is
displayed to the driver.

12. The telematics system of claim 11, wherein:

(a) the telematics device further comprises at least one data
port for receiving vehicle data from the vehicle during
operation of the vehicle, the vehicle data comprising:
(1) speed data;

(ii) torque data; and

(iii) engine speed data; and

(b) the processor is further configured to implement the
function of determining a mass of the vehicle at a spe-
cific point in time, based on the slope the vehicle is
traveling over at that point in time, the speed data at that
point in time, the torque data at that point in time, and the
engine speed data at that point in time.

13. The system of claim 11, wherein the processor is fur-
ther configured to provide a vehicle mass output that is used
by at least one vehicle controller to control operation of the
vehicle.

14. The system of claim 11, further comprising a data link
for conveying the geographical position data and vehicle
mass data to a remote computing device.

17

Jun. 27,2013

15. The system of claim 11, wherein the processor is fur-
ther configured to implement the function of combining the
vehicle data and the position data together to produce slope
corrected mass encoded position data; and further comprising
a wireless data link for conveying the slope corrected mass
encoded position data to a remote computing device.

16. A vehicle telematics system for use in a vehicle, the
vehicle telematics system comprising:

(a) a positioning sensing component for collecting position
data from the vehicle during vehicle operation, the posi-
tion data being time indexed; and

(b) at least one data port for receiving vehicle data from the
vehicle during operation of the vehicle, the vehicle data
comprising:

(1) speed data;
(ii) torque data; and
(iii) engine speed data; and

(c) a processor configured to implement the functions of
determining a slope the vehicle is traveling over at a
specific point in time based on the position data, deter-
mining a mass of the vehicle based on slope, speed data,
torque data, and engine speed data; and producing a
driver performance metric based at least in part on the
mass of the vehicle.

17.The system of claim 16, further comprising a display on
which the driver performance metric is displayed to the
driver.

18. The system of claim 16, wherein the processor is fur-
ther configured to provide a vehicle mass output that is used
by at least one vehicle controller to control operation of the
vehicle.

19. The system of claim 16, further comprising a data link
for conveying the position data and vehicle mass data to a
remote computing device.

20. The system of claim 16, wherein the processor is fur-
ther configured to implement the function of combining the
vehicle data and the position data together to produce slope
corrected mass encoded position data; and further comprising
a wireless data link for conveying the slope corrected mass
encoded position data to a remote computing device.

#* #* #* #* #*
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