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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, ?led on Dec. 23, 
2011, the bene?t of the ?ling date of Which is hereby claimed 
under 35 U.S.C. §119(e). 

BACKGROUND 

[0002] As the cost of sensors, communications systems and 
navigational systems has dropped, operators of commercial 
and ?eet 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 ?eet operators With additional tools in 
order to derive a bene?t from the Wealth of data that can be 
collected. Preferably, such tools can be used to provide feed 
back to drivers to enable the ?eet 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 ?eet. 

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 a method 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, ?eet operators 
Will pay drivers using a mileage component (i.e., paying 
drivers a ?xed rate per loaded mile), While also making addi 
tional payments to drivers meeting prede?ned 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 ?eet, or the 
25 drivers having the best performance scores in the ?eet, 
recogniZing that such speci?c 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 ?eet Will be 
eligible for performance bonus pay once they have met a 
prede?ned 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 speci?c performance metrics. For example, con 
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sider a ?eet operator Who has many routes involving moun 
tainous terrain, and that ?eet 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 de?ned 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 modi?ed 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 speci?c, or can be based on a single normalized score, but 
Will generally share in common the characteristic of being 
implemented for a de?ned 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 speci?c ?eet (i.e., an intra-company or 
intra-?eet campaign). In such embodiments, that ?eet 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 speci?c ?eet (i.e., an inter 
company or inter-?eet 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 ?eet operator seeking to attract the attention of drivers in 
other ?eets 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 ?eets, 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 ?eet operators. 
Adoption of a common performance metric across multiple 
?eets Will enable top performing drivers to be able to shoW 
their cumulative performance scores to other participating 
?eet operators, providing an additional tool for ?eets to use 
When evaluating potential neW hires. Such a common perfor 
mance metric Will also enable participating ?eet operators to 
appear more attractive as potential employers than non-par 
ticipating ?eet 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 ?eet operators host their oWn Web 
site, Where driver rankings in that ?eet can be compared. In 
other embodiments, the Website is hosted by a third party, and 
multiple ?eet operators participate. The third party can offset 
their costs for operating the Website by charging participating 
?eet 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 
ti?ed 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 ?eet, While in other embodiments drivers can see 
the performance data of drivers in other ?eets. 
[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 data to a 
data center for generating the driver performance data. 
[0011] In at least 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 at least one embodiment, the performance metric 
is based at least in part on fuel economy. 

[0013] In at least one embodiment, the performance metric 
is based at least in part on carbon footprint reduction. 
[0014] In at least one embodiment, the performance metric 
is based at least in part on minimizing fuel ef?ciency robbing 
behavior, including sudden braking, rapid acceleration and 
doWnshifting too early. 
[0015] In at least one embodiment, the performance metric 
is based at least in part on maximizing fuel e?iciency enhanc 
ing behavior, including coasting to a stop (instead of staying 
on the 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 at least 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 suf?cient 
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 Q(,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 ?ies). 
Horizontal ground speed (VHGS) 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 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) 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 ?eet 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 ?eet 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 
prede?ned 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 ?eet 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 
?eet operator. For example, if a ?eet 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 signi?cantly, 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 speci?c 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 bene?cially implemented in other 
types of vehicles, including automobiles (such as rental car 
?eets, government vehicles, and ?eet vehicles assigned to 
sales representatives or other employees of a business). 
[0023] As noted above, one of the metrics that can be ben 
e?cially employed relates to determining if a driver has devi 
ated from a prede?ned route. This metric can be automati 
cally determined by providing prede?ned 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 prede?ned route by comparing the collected geo 
graphical coordinate data With the prede?ned route data. 
[0024] Yet another metric that can be bene?cially 
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 prede?ned 
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 prede?ned route data for Which the speed 
limit is speci?ed 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 speci?c metrics responsible for 
the loWer than desired performance ranking. 
[0026] This Summary has been provided to introduce a feW 
concepts in a simpli?ed 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 modi?cations 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. 1 is a high level How chart shoWing the overall 
method steps implemented in accord With one exemplary 
embodiment for achieving the concepts disclosed herein; 
[0029] FIG. 2 is a more detailed ?oW chart shoWing method 
steps implemented in an exemplary preferred embodiment; 
[0030] FIG. 3 schematically illustrates a vehicle that 
includes a plurality of sensors con?gured 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 con?gured 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 con?gured 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 How 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. 8 is a How 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 How 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 How 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 ?eet (intra-company) or drivers from multiple 
?eets (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. 19 is 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 speci?cation 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 speci? 
cally con?gured to implement those logical steps (such cir 
cuits encompass application speci?c integrated circuits). 
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Exemplary Logic for Determining Driver Performance 

[0050] FIG. 1 is a high level ?oW 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 
speci?cally identi?ed 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 ?oW 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 speci?c scheme implemented is not 
critical. It should also be recognized that a ?eet 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 ?eet operator may have little 
tolerance for drivers Who exceedposted speed limits and Want 
to place great emphasis on this metric When determining the 
numerical ranking. Such a ?eet operator can assign signi? 
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 speci?c 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 speci?c 
numerical value is indicative of a relatively goodperformance 
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 con?gured to collect the required met 
rics. A vehicle 22, such as a bus or a truck, includes a plurality 
of sensors 24a-24h. It should be recognized that the speci?c 
number of sensors, and the speci?c 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 speci?cally identi?ed, 
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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 con?gured to collect the required metrics. 
The sensors are logically coupled With an onboard vehicle 
CPU 34, Which is con?gured 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 28b 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 con?gured to collect the required 
metrics. The sensors are logically coupled With an onboard 
vehicle CPU 34, Which is con?gured 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 
bene?cial, unless the remote computing device is con?gured 
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 con?gured With a display 40 to provide the driver With 
a performance 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. 1 0. The co st 
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 2211 that 
includes a GPS unit 44 con?gured 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 mo st basic 
GPS unit is able to determine a position of the vehicle at a 
speci?c 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). Signi?cantly, 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 speci?cally 
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 How 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 speci?c geographical posi 
tion that the vehicle occupies at that speci?c point in time). In 
a block 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] In a block 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 speci?c 
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 speci?cally 
identi?ed 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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