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ABSTRACT 

A method of monitoring behavior comprising collecting, 
uploading and evaluating motor vehicle operation data ulti 
lizing on-board diagnostic components (OBDII) and ground 
positioning satellite (GPS) systems whereby operator iden 
tifiable behavior can be rated for driving safety and other 
characteristics. 
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MOTOR VEHICLE OPERATING DATA 
COLLECTION AND ANALYSIS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of and priority 
to U.S. Provisional Application No. 60/467,845 entitled 
“Motor Vehicle Operating Data Gathering Methodology and 
Analysis for Eventual Use with Underwriter Statistic Met 
rics” and filed May 6, 2003. This application is a divisional 
application of Ser. No. 11/060,458 filed Feb. 17, 2005, 
which is a continuation application of application Ser. No. 
10/832,521 filed Apr. 27, 2004. 

BACKGROUND OF INVENTION 

0002) 1. Field of Use 
0003. The invention pertains to a method and apparatus 
for evaluating recorded data of a driver's operation of a 
motor vehicle. The invention utilizes time marked data that 
can be correlated with information from separate databases, 
particularly data that is also time marked. The recorded data 
may facilitate the vehicle owner monitoring the use of the 
vehicle by others, e.g., employees, automobile renters or 
family members, e.g., teenage drivers. The recorded data 
may also provide an objective behavioral data collection 
system for third parties, e.g., life and health insurance 
companies, lending institutions, potential employers, to 
evaluate an individuals behavioral characteristics in a real 
life and commonly experienced situation, i.e., driving a 
motor vehicle. 

0004 2. Prior Art 
0005. Several commercial mechanisms are available on 
the market that provide means to monitor vehicle use. One 
example is the Alltrackusa product that relies on a global 
positioning satellite (GPS) system to track vehicle operation. 
Such systems employ a calculating methodology to deter 
mine speed and acceleration by using the position differen 
tial implied by the GPS. Conversely, Davis Technologies 
markets the CarChip product which is a passive OBDII data 
recorder for hobbyists and car enthusiasts who want to 
record their engine performance. The shortcomings of the 
Alltrackusa “GPS only' application is that actual speed 
information is not available during intermittent losses of the 
GPS signal, which are frequent. This limits the products 
usefulness for creating a complete dataset Suitable for devel 
oping useful and objective driver safety ratings. The short 
coming of the CarChip product is that the unit does not 
provide GPS capability and the target market is for car 
enthusiasts who want to monitor engine diagnostics. Both 
existing technology developments have the inherent short 
coming of local data storage and reporting. This feature 
limits the usefulness of the data and does not allow for the 
development of an independent rating system. 
0006 U.S. Pat. No. 6,064.970, assigned to Progressive 
Casualty Insurance Company, discloses a method and sys 
tem for determining the cost of automobile insurance based 
upon monitoring, recording and communicating data repre 
sentative of operator and vehicle driving characteristics. The 
system includes use of a wireless up-link to a central control 
station to communicate “triggering events. 
0007 U.S. Pat. No. 6,064,970 defines a methodology for 
private insurance quotes based on endogenous driver vari 
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ables that are acquired from the customer or collected by the 
insurance company. U.S. Pat. No. 6,064.970 does not teach 
an apparatus and business process that allows customers to 
voluntarily create datasets that are then objectively inter 
preted by a third party and converted to objective safety 
ratings, much as credit payments or delinquencies are con 
verted to an objective credit rating, or company debt histo 
ries converted to a bond rating. This distinction is vital in 
order to promote the adoption of driver monitoring technol 
ogy and guarantee that it is utilized in a manner that 
promotes the most Societal good, rather than simply being 
the exclusive purview of one company’s insurance premium 
pricing structure. 
0008. The existing systems and devices also ignore the 
profound behavioral characteristics exhibited by drivers in 
operating motor Vehicles, e.g., aggressiveness or patience, 
caution or recklessness, compliance with laws etc. These 
characteristics are relevant to each individual’s behavior in 
other situations including performance of job duties, behav 
ior in stress, and meeting obligations owed to others. These 
behaviors cannot be ascertained unless the information is 
uploaded to a central server to create a comprehensive 
database for comparison and development of useful profiles. 
Existing technology applications do not centrally store the 
data and interpret it in context to provide a useful service to 
Society. 

SUMMARY OF INVENTION 

0009. The present invention teaches a method of moni 
toring behavior comprising collecting, uploading and evalu 
ating motor vehicle operation data utilizing on-board diag 
nostic components (OBD) and ground positioning satellite 
(GPS) systems whereby operator identifiable behavior can 
be rated for driving safety and other characteristics. 
0010. The present invention teaches the uploading, evalu 
ation and storing of recorded date and time stamped oper 
ating data (“time marked data') from a motor vehicle 
component and the Subsequent upload to a CPU or central 
web-server for objective analysis. The data may also be 
location marked and thereby allow the vehicle data to be 
correlated with separate time or location specific databases. 
The recording of the data to a separate device can be in Such 
a manner as to insure a complete dataset, minimize fraudu 
lent use, and thus insure the accuracy and usefulness of said 
data to third parties. Utilization of the data may be subject 
to terms of agreements among the vehicle operator, the 
vehicle owner, insurance companies and underwriters 
(health, life or auto, etc.), research professionals, marketing 
and advertising firms, legal representatives, governmental 
authorities or other institutions. 

0011 Since the data may be time marked with an accu 
rate atomic clock signal, the data can be cross-correlated to 
another information database that is also time or location 
specific. This data could include weather events, construc 
tion schedules, sporting events, traffic databases, and other 
time or location dependent information that puts the driver 
operating data in context and makes it objectively useful. 
The data manipulation—analysis includes assessing the 
driver's driving behavior by putting the data in context with 
the applicable local speed laws, signage, traffic signals, 
weather, and other geographic dependencies. 
0012. The invention can utilize a variety of currently 
monitored vehicle information from vehicle systems such as 
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an OBDII (on-board diagnostic) or CAN (car area network) 
data-port. This time marked data may include vehicle speed, 
throttle position, oxygen sensor data, etc. This information is 
sequentially recorded at regular intervals from vehicle 
onboard diagnostic systems, thereby creating a time marked 
data set of individual data points. The data set of time 
marked sequential data points may include the vehicle's 
corresponding GPS (global positioning satellite) position. 
0013 The basic intent of the new application is to insure 
data integrity. Having multiple sources of vehicle data will 
insure data accuracy. For example, speed can either be 
inferred from the GPS position and time stamped data by 
calculating the distance between recorded locations and 
dividing by the time increment, or by accessing speed values 
directly from the OBDII port. Similarly, the vehicle's odom 
eter reading can be gathered three different ways: first, it can 
be accessed through the OBDII extended dataset if the car 
manufacturer grants permission, secondly, it can be calcu 
lated from the GPS location and time stamped data, third it 
can be calculated from the speed data logged directly from 
the OBDII port, then multiplied by the time increment to get 
distance. Having multiple sources of data insures data integ 
rity by crosschecking. Time and location stamping the data 
allows for crosschecking against other information data 
bases such as weather, traffic, etc. 

0014. This collected data is transferred to a CPU and may 
be uploaded to a central web-server for evaluation and 
storage. The invention utilizes data obtained from individual 
vehicle monitoring and instrumentation devices already 
built into motor vehicles since 1996. The invention can also 
utilize information from Supplemental instrumentation Such 
as GPS devices installed on motor vehicles. 

0.015 The invention teaches transfer of the time marked 
information from the collection system within the vehicle to 
a separate CPU and the flexible, multi stage evaluation of the 
collected data for variable factors or criteria. The invention 
permits a weighted profile to be created that can correlate 
both frequency and severity or significance of behavior. This 
weighted profile is useful because the data integrity has been 
insured by multiple sources. 
0016. The invention also teaches a business subscription 
service that can be used in conjunction with the recording/ 
analysis apparatus. The method allows analytic comparison 
within groups using collected data from separate units. This 
analysis can allow assessment and comparison of a variety 
of life style/health factors. The analysis, based upon histori 
cal and accurate data, can be used in conjunction with other 
demographically relevant information. 

BRIEF SUMMARY OF DRAWINGS 

0017. The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate 
preferred embodiments of the invention. These drawings, 
together with the general description of the invention given 
above and the detailed description of the preferred embodi 
ments given below, serve to explain the principles of the 
invention. 

0018 FIG. 1 illustrates a matrix of time marked vehicle 
data that can be evaluated by the invention. 
0.019 FIG. 2 illustrates an overview or summary of logic 
steps of one embodiment of the invention. 
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0020 FIG. 3 illustrates starting steps of an embodiment 
of logic flow steps that can be incorporated into the evalu 
ation method of the present invention. 
0021 FIG. 4 illustrates an embodiment of logic steps that 
may be taken by the user for properly logging into the 
system taught by the invention. 
0022 FIG. 5 illustrates logic steps utilized in one 
embodiment of the invention that are taken in uploading 
information. 

0023 FIG. 6 illustrates the logic steps utilized in one 
existing embodiment of the invention for reading and com 
mencing revaluation of uploaded files. 
0024 FIG. 7 illustrates logic steps incorporated into one 
embodiment of the invention wherein uploaded recorded 
information may signal the end of one driving event and the 
start of a separate trip. 
0025 FIG. 8 illustrates logic steps utilized to achieve 
continued calculation of vehicle acceleration from uploaded 
time marked speed data for a single trip. 
0026 FIG. 9 illustrates the logic steps utilized by an 
embodiment of the invention to continuously evaluate 
recorded GPS time marked trip data and correlate data to 
separate a separate database containing street and speed 
limit information. 

0027 FIG. 10 illustrates the sequential relationship of 
data evaluation for speed, acceleration, etc. infractions. 
0028 FIG. 11 illustrates the detailed logic steps for 
determining a speed violation from each time marked data 
point of vehicle speed with the matrix of recorded informa 
tion and the assessment of penalty points for the Driver 
Safety Rating. 
0029 FIG. 12 illustrates the detailed logic steps for 
continuous evaluation of compute vehicle acceleration and 
assessment of penalty points for the Driver Safety Rating. 
0030 FIG. 13 illustrates the detailed logic steps for 
evaluation of a “time of day violation' in recognition that 
driving after Sunset is inherently less safe than driving in 
daylight. 
0031 FIG. 14 illustrates the logic steps for continued 
evaluation of the time marked GPS and vehicle speed data 
in correlation with a separate database containing road sign 
information to verify, for example, that the vehicle has been 
operated in compliance with a stop sign. 
0032 FIG. 15 illustrates the logic steps of an embodi 
ment of the invention wherein the Driver Safety Rating 
(DSR) is calculated. 
0033 FIG. 16 illustrates the logic steps for deduction of 
penalty points from the DSR. 
0034 FIG. 17 illustrates the deduction of past penalty 
points from a calculated DSR for a separate and later driving 
event. 

0035 FIG. 18 illustrates the application of past penalties 
utilizing a weighting scheme based upon penalty weight 
inverse to elapsed time. 
0.036 FIGS. 19A through 19D comprise a table of actual 
recorded time marked speed data and assessed violation/ 
penalty utilizing an embodiment of the invention. 



US 2006/0106515 A1 

0037 FIG. 20 illustrates the home page displayed to a 
user of an embodiment of the invention that incorporates the 
logic flow sequences illustrated in FIGS. 2 through 18 
herein. 

0038 FIG. 21 illustrates the log in page displayed to a 
user of an embodiment of the invention. 

0.039 FIG. 22 illustrates the screen page displayed to the 
user after logging into the invention allowing the user to 
select among multiple drivers having recorded driving data 
uploaded within the database of the invention. 
0040 FIG. 23 illustrates the screen display allowing the 
user to view various driving events of the selected driver that 
are within the invention database and for which a Driver 
Safety Rating has been computed. 

0041 FIG. 24 illustrates the screen display providing the 
type of violation and computed DSR for each violation type 
for a selected trip. 
0.042 FIG. 25 illustrates the screen display of evaluated 

trip data derived from the matrix of time and location 
marked data. 

0.043 FIG. 26 illustrates a map of the actual travel of the 
vehicle as recorded and evaluated based upon several data 
bases utilizing the time marked and location marked data. 
0044) It will be appreciated that the foregoing drawings 
illustrate only one embodiment of the invention and that 
numerous other variations may be created within the scope 
of the described invention. 

DETAILED DESCRIPTION OF INVENTION 

0045. The above general description and the following 
detailed description are merely illustrative of the subject 
invention and additional modes, advantages and particulars 
of this invention will be readily suggested to those skilled in 
the art without departing from the spirit and scope of the 
invention. 

0046) The invention comprises multiple steps, beginning 
with the collection of data at regular time intervals, prefer 
ably at least as frequently as approximately every two 
seconds. The data includes the publicly available operational 
data from the OBDII port such as speed and engine throttle 
position or other variable power controls of the vehicle 
power source. It may also include so called "extended 
OBDII datasets that are specific to each manufacturer and 
also available with manufacturer permission Such as odom 
eter, seat belt status, activation of brakes, degree and dura 
tion of steering direction, etc., and implementation of acci 
dent avoidance devices such as turning signals, headlights, 
seatbelts, activation of automated braking systems (ABS), 
etc. The position and movement of the vehicle can also be 
collected utilizing a GPS system. Other information regard 
ing the operation of the vehicle can be collected since the 
extended OBDII set includes a whole host of engine or other 
power source diagnostic variables. Further the invention 
applies to other data systems being developed and imple 
mented. An example is the CAN (car area network). 
0047 One embodiment of the invention utilizes data 
points of various systems and operations collected at Sub 
stantially simultaneous intervals, thereby creating sequential 
"data points' containing information from multiple sources 
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pertaining to vehicle operation and movement. The data 
points are recorded at regular intervals. These intervals can 
be of varied duration. For purpose of illustration of the 
invention herein, the intervals are specified to be every two 
seconds. 

0048. The data can be recorded or transferred to various 
removable electronic storage devices, including but not 
limited to flash memory cards now utilized for digital 
cameras, etc. Utilizing Such portable storage media, the data 
can be transferred to another electronic data reading device 
such as a CPU or CPU linked to an Internet server. The data 
can be then transferred, stored, manipulated and analyzed 
(“evaluated') as desired to provide information concerning 
not only the location and duration of vehicle operation, but 
also the manner in which the vehicle was operated. For 
situations where multiple drivers utilize multiple vehicles, 
each vehicle can be equipped with a non-removable memory 
to record all its operation, regardless of which driver utilizes 
the vehicle. This data can then be reconciled with the data 
downloaded by the driver through his or her personal flash 
memory card. Gaps in the data can then be investigated by 
an employer, parent, owner of a rental vehicle, or otherwise 
responsible party. 

0049 FIG. 1 illustrates one embodiment of the type and 
variety of information that may be recorded and uploaded 
for evaluation by the invention. The captured information 
illustrated in FIG. 1 are “Engin on/off1, “speed”2. 
“throttle'3, “GPS position'4, “brake on/off'5, “headlights” 
on/off 6, “turn signals’ on/off and direction 7, "seatbelt 
on/off8, “c-phone on/off'9, and “string positin' (steering 
wheel position) 10. The invention captures information for 
each category for each time interval (t, t, etc.). The 
collected data is thereby time marked or time stamped. The 
data may be evaluated for selected and variable criteria. As 
illustrated in FIG. 2, time marked data of the variety shown 
in FIG. 1, can be acquired 20-1 and uploaded 20-2 into the 
variable evaluative 20-3 algorithm of the invention. The 
algorithm may be used to objectively rate 20-4 the data for 
selected factors of driver safety. Note that not all recorded 
data is required to be evaluated and the stored data 20-5 can 
be re-evaluated for differing criteria and factors. Therefore, 
a database may be created for identifiable and separable 
individuals. The database may track driving and other 
behavior habits over time. 

0050. The operational information may be identifiable to 
specific operator(s) and include time stamped data and 
geographic location. Operator identity can be one of many 
additional data inputs for each time interval recording in 
FIG. 1. Further, comparison of recorded speeds at differing 
data points can provide information regarding vehicle accel 
eration or de-acceleration (rate of acceleration). As indi 
cated, these calculations can be inferred from GPS, or 
measured directly from the OBDII port to insure data 
integrity. Multiple data sources can be used for comparison 
or validation of individual recorded data. For example, see 
FIG. 9 discussed infra. Correlation of vehicle speed with 
vehicle directional information can also be compared to GPS 
data of the vehicle travel. The ability to analyze and compare 
various data sources can provide enhanced data accuracy 
and validity. The multiple data sources also provide conti 
nuity of information when individual data sources may be 
interrupted. Such as temporary interruption of a GPS signal. 
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This continuous monitoring is vital to create objective driver 
safety ratings that include a complete set of the vehicle's 
operating data. 
0051 FIG. 3 illustrates starting steps of an embodiment 
of logic flow steps that can be incorporated into the evalu 
ation method of the present invention. These steps are 
implemented after the vehicle operation data has been 
collected. The system first queries whether the user is logged 
on or connected to a CPU 31. If not logged on, the user is 
prompted to log on 32. If logged on, the system uploads files 
of collected data from the vehicle 33. The system may first 
process and list the trips recorded in the uploaded collected 
data 34. The system can display the trip details 30-5, 
including trip map 36. 
0.052 FIG. 4 illustrates an embodiment of logic steps that 
may be taken by the user for properly logging into the 
system taught by the invention. Properly logging into the 
system begins at the log in page 32-1. An example of a log 
in page is illustrated in FIG. 21. The user can be prompted 
to enter the user and password and then to click on the 
“Log-in button'32-2. The system then checks the log in 
information in the database to validate the user. After being 
validated, the user can be directed to the “Upload File of 
Collected data from vehicle'33. (See FIGS. 3, 21 and 22.) 
0053 FIG. 5 illustrates logic steps utilized in one 
embodiment of the invention that are taken in uploading 
information. The user can select the driver of interest from 
the driver names contained in the database. 33-1. The file 
page for the selected driver(s) is then displayed 33-2 and the 
user can be prompted to upload the information pertaining to 
the selected driver into the system. See for example FIG. 23. 
illustrating a screen display that allows the user to view 
various driving events of the selected driver that are within 
the invention database. The information can then be col 
lected and uploaded 33-4. The system can then save the 
information about the trips to the database 33-5. The user 
can then be directed to the list trips screen (See FIG. 3) 
0054 FIG. 6 illustrates the logic steps utilized in one 
existing embodiment of the invention for reading and com 
mencing revaluation of uploaded files. The logic may first 
provide reconciliation between the local time Zone and the 
UTC time 34-1. The logic sequence then can query whether 
the system has finished reading the uploaded file 34-2. If the 
user's session is not completed, the reading of a new trip can 
begin. The reading commences at a new point on the 
uploaded file 344. The logic sequence queries whether the 
uploaded file indicates that a new trip has begun 34-6. (See 
FIG. 7.) If a new trip has not begun, the logic sequence 
continues reading at a new point on the uploaded file and 
thereby continuing the review of the trip file. If the uploaded 
data indicates a new trip has commenced, logic sequence 
then evaluates the trip. Evaluation can include for example, 
calculating the acceleration for the trip 34-5, obtaining the 
street names and posted speed limits 34–7, identification of 
violations (e.g., excess speed and acceleration/deceleration) 
34-8 and calculation of a DSR rating 34-9. After completing 
the trip DSR, the system returns to the uploaded file 34-2. If 
there are no unread files, the information, including calcu 
lations, is stored in the database 33-5. Note the calculations 
and information storage occurs apart or separate from the 
data collection components located in the vehicle. 
0.055 FIG. 7 illustrates logic steps incorporated into one 
embodiment of the invention wherein uploaded recorded 
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information may signal the end of one driving event and the 
start of a separate trip. The sequence illustrates one embodi 
ment of the logic steps determining whether a new trip 
begins. (See FIG. 6, item 34-6.) The system queries 35-1 
whether there is more than a minimum time gap in the 
recorded data. If yes, the logic program classifies the new 
information to be part of a separate “new trip'34-3. If there 
is no gap in recorded data, the system queries whether there 
has been a change in vehicle location 35-2. If there is no 
minimum gap of OBDII data but the GPS location data is 
unchanged for more than the minimum time 34-2 & 34-3, 
the new GPS data begins a new trip. (For example, if the car 
is parked for more than the minimum time, e.g. 15 minutes, 
with the engine idling, resumed movement of the vehicle 
after the 16 minute of engine idling, i.e., the vehicle engine 
continuously operating, would start a new trip.) Until there 
is more than a minimum time gap in engine (OBDII) data or 
change in vehicle position, a new trip is not deemed to start 
and the logic continues to read the data as new data of a 
continuing trip 34-4. 

0056 FIG. 8 illustrates logic steps utilized to achieve 
continued calculation of vehicle acceleration from uploaded 
time marked speed data for a single trip. As the trip 
continues 35-4, the next speed data point creates a new pair 
of data points, i.e., the prior data point and the current new 
speed data point 35-5. The logic program calculates the 
amount of time 35-6 and the change in speed between the 
two speed data points 35-7. The change in speed per unit of 
time is the vehicle acceleration 35-8. 

0057 FIG. 9 illustrates the logic steps utilized by an 
embodiment of the invention to continuously evaluate 
recorded GPS time marked trip data and correlate data to a 
separate database containing street and speed limit informa 
tion. The logic program continues from the FIGS. 6 and 7 
(see item 34-6 in FIG. 6). If the trip is not finished 35-4, the 
next data point is evaluated whether it contains a valid GPS 
data 35-11. If yes, the logic system accesses a separate 
database containing road or street information. After deter 
mining the nearer road segment 35-12, the street name and 
posted speed limit for that identified road segment is 
obtained from the database 34-6. The logic system again 
determines whether the trip has been finished 35-4 and if 
yes, correction is made for crossing street error 35-9. For 
example if data point t is determined to be nearest Jones 
Street with speed limit 45 mph and data point t is deter 
mined to be the intersection of Jones and Smith Streets 
where Smith Street has a speed limit of 35 mph and at data 
point t is determined to be at Jones Street with the continued 
speed limit of 45 mph, no speed violation will be identified 
34-7. (Reference is also made to the collection of data points 
in FIG. 1.) 
0058 FIG. 10 illustrates the sequential separate relation 
ship of data evaluation for speed, acceleration, etc., infrac 
tions. The sequence illustrates the evaluation of uploaded 
data for speed violations 36-1, acceleration violations 36-2, 
time of day violations 36-3 (i.e., "deductions' to the DSR for 
driving at night or high risk weekend time segment), and 
sign adherence violations 36-4. It will be appreciated that the 
sequence is illustrative only and may be abridged, Supple 
mented or reordered. 

0059 FIG. 11 illustrates the detailed logic steps for 
determining a speed violation from each time marked data 
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point of vehicle speed with the matrix of recorded informa 
tion and the assessment of penalty point for the Driver 
Safety Rating. The logic program evaluates the uploaded 
data to determine whether the trip is finished 35-4. If not, the 
logic program obtains the next point having a valid GPS and 
engine data 35-9. (Reference is made to FIG. 9, items 35-4, 
35-10, 35-11.) The logic program next queries whether the 
vehicle speed exceeds the posted limit 36-5. If the posted 
speed limit is not exceeded, there is no current violation 
36-6. If the speed exceeds the posted limit 36-5, the logic 
program queries 36-8 whether the vehicle is operating in a 
concurrent violation, e.g., high-risk driving time violation, 
acceleration violation, etc. If the concurrent violation is of 
the same type 36-9 i.e., speed violation, the vehicle will be 
deemed to be operating in a continuing speed violation and 
DSR point deduction increased 36-10. If not of the same 
type 36-11, a separate DSR deduction will be calculated. The 
logic program then again queries whether the trip is finished 
35-4. It will be appreciated that this logic sequence may be 
separate from a determination of whether a selected vehicle 
operating speed, e.g., 58 mph, is ever exceeded. 
0060 FIG. 12 illustrates the detailed logic steps for 
continuous evaluation of vehicle acceleration and assess 
ment of penalty point(s) to the Driver Safety Rating. This 
logic step, which is separate from the speed violation step 
(reference to FIGS. 10 and 11) starts at the same point 35-4 
and 35-9 (reference again to FIG. 9). The vehicle accelera 
tion is separately calculated as illustrated, for example, in 
FIG. 8 discussed above. Continuing with FIG. 12, the logic 
program queries 37-1 whether the acceleration exceeds a 
specified limit. If no, there is a determination 37-2 of no 
current excess acceleration violation and the logic program 
returns to the beginning step 354. If the specified “x-limit” 
rate of acceleration 37-1 is being exceeded, the logic pro 
gram queries 37-3 whether there is a concurrent violation. If 
there is a concurrent violation, the logic program 374 queries 
whether the violation is of the same type (e.g., continued 
acceleration in excess of the specified limit) and if yes, the 
DSR deduction is increased 37-7. If the is no concurrent 
violation, the logic program continues 37-5 and queries 
whether the vehicle speed is in excess of a specified limit. (It 
will be appreciated that a vehicle has a relatively high rate 
of acceleration in the first moment of movement from a 
stopped position, but simultaneously has a relatively slow 
speed.) If the speed is not in excess of the specific “x” limits, 
there is no violation (current violation=null) 37-6. If the 
vehicle speed exceeds the specified limit 37-8 (which may 
differ from the posted speed limit for the road segment as 
determined with reference to FIG. 9 and 11), a new con 
current violation is assessed. The new current violation type 
is then determined 37-9 depending upon the acceleration. 
The logic program then repeats and returns 35-4 to the query 
of whether the trip is finished. 
0061 FIG. 13 illustrates the detailed logic steps for 
evaluation of a “time of day violation' in recognition that 
driving after Sunset is inherently less safe than driving in 
daylight. The logic program first ascertains whether the trip 
is finished 354. If not, the, the logic program obtains the next 
point and engine data 38-1. The logic program next queries 
if the speed is greater than 0 and local time is greater than 
“after Sunset'38-2. If no, there is no violation 38-3 and the 
logic program returns to the beginning 354. Alternatively, if 
the speed is greater than 0 and the local time is after Sunset, 
the logic system next queries if there is a current violation 
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38-4. If there is a concurrent violation (current violation not 
equaling null), there is an automatic increase 38-5 to the 
concurrent violation deduction from the Driver Safety Rat 
ing. If there is no concurrent violation 38-4, a new violation 
is assessed for the time of day violation 38-6 and the type, 
i.e., severity, of violation is in this example illustrated to be 
determined by the acceleration 38-7 of the vehicle. As an 
example, if the vehicle is speeding (current violation not 
equaling null), there is an automatic Surcharge 38-5 to the 
driver safety rating. If there is no current violation, there is 
a new violation assessed, but if the vehicle is slowing down 
or at a constant speed (acceleration equal or less than 0) the 
driver safety rating penalty may be less than if the vehicle is 
accelerating. 

0062 FIG. 14 illustrates the logic steps for continued 
evaluation of the time marked GPS and vehicle speed data 
in correlation with a separate database containing road sign 
information to verify, for example, that the vehicle has been 
operated in compliance with a stop sign. In this example, the 
logic system determines the route of the vehicle taken during 
the trip 39-1 and all stop signs located on a separate database 
correlated with the GPS information are identified. The 
operation (OBD-II) data for the vehicle is then correlated 
with the stop sign locations 39-2. If there is a stop sign 39-3, 
the logic program looks at vehicle operation within a speci 
fied distance before the stop sign 394 and particularly the 
vehicle speed 39-6. If the lowered speed is 0, the logic 
program determines the vehicle stopped in compliance to the 
stop sign and there is no violation. If the vehicle speed does 
not slow to 0 at any location “nearer than X ft from stop 
sign, the logic program assesses a violation 39-7 based 
upon failure to stop in compliance with the sign. The 
violation type, i.e. severity, is determined depending on the 
lower speed value 39-8. For example the penalty to the 
driver safety rating will be less if the logic programs 
determines a “rolling stop” in contrast to the vehicle never 
slowing below 30 mph, i.e., "running a stop sign. The logic 
program then returns to the point 39-2 for determining if 
there is another stop sign. 
0063 FIG. 15 illustrates the logic steps of an embodi 
ment of the invention wherein the Driver Safety Rating 
(DSR) is calculated for an individual trip. In the illustrated 
example, the logic program evaluates the violations assessed 
for the specific trip 10-1 and calculates the DSR deduction 
10-2. For example, has the driver previously or frequently 
violated stop signs and has the driver violated Stop signs in 
the current trip now being evaluated? A deduction, e.g., 
surcharge 10-3 is applied to the current trip DSR based upon 
noted persistence in violations. The DSR for the current trip 
is calculated based upon the specific violations 104 assessed 
during the current trip. A total driver safety rating is calcu 
lated 10-5 based upon the relative duration of speed viola 
tions in the current trip, the relative duration within the 
current trip that the vehicle was operated over a selected 
speed and after Sunset, the relative duration of the trip that 
acceleration was above a specified rate while the vehicle was 
moving at a specified speed. The duration determines a 
persistence or frequency factor for the assessed violation of 
the specific trip 10-2. 
0064 FIG. 16 illustrates the logic steps for deduction of 
penalty points from the DSR. The deduction of penalty 
points is “for violations on this trip'. The violations are first 
collected 10-6. The logic program can review the trip 
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information and collect each violation 10-7 & 10-8. A 
deduction is made for each violation 10-9. The logic pro 
gram also determines if each violation is the last violation of 
a series of consecutive violations 10-10. If yes, the time 
duration of the consecutive violation is calculated 10-11. 
The persistence for the violation proportional to the duration 
of the consecutive violation is calculated 10-12. 

0065 FIG. 17 illustrates the deduction of past penalty 
points from a calculated DSR for a separate and later driving 
event. The logic program obtains persistent deductions for 
the specific driver 10-15. A deduction is applied for each 
persistent violation 10-16. Past violations are deemed to be 
“persistent violations' if there is a sufficient (and variable) 
time correlation between the past violation and the violation 
of the current trip being evaluated. There must be a time 
overlap or “intersect’. 
0.066 FIG. 18 illustrates the application of past penalties 
utilizing a weighting scheme based upon penalty weight 
inverse to elapsed time. Again, however, only violations 
within or “inside' a specified time Zone are deemed to be 
persistent violations and factored into the DSR for the 
current trip. 
0067. In addition to selection of identifiable vehicle 
operators, the invention will allow for recording and evalu 
ation of multiple separate trips by a selected driver. The 
separate trips can be separated by trips of longer than a 
specified duration, trips in which there are multiple braking 
events per selected period of time, trips on weekends or at 
night, in contrast to morning commutes. Also the trips may 
be separated, evaluated and contrasted over time. Of course, 
numerous other variations may be implemented and are 
within the scope of this invention. 
0068. It will be readily appreciated that changes in 
sequentially recorded vehicle speed can be used to calculate 
the rate of vehicle acceleration. See FIG. 8. Changes of 
vehicle position between intervals where there is no 
recorded vehicle speed, particularly in conjunction with 
immediate prior de-acceleration, may indicate that the 
vehicle is skidding. Minimal change in vehicle position 
relative to rapid acceleration may indicate the vehicle is 
being operated without Sufficient traction, i.e., "spinning the 
wheels’ or “pealing rubber'. 
0069 Operation of the vehicle without headlights, 
changes in vehicle direction without turn signals, etc. may 
also be recorded. The frequency and degree of changed 
vehicle direction per unit of distance traveled can indicate 
lane weaving or, alternatively, driving on a winding road. 
The vehicle speed, calculated rate of acceleration/de-accel 
eration, number and duration of brake activation can all be 
correlated to assess the operator's performance and driving 
behavior. Frequent changes in vehicle speed and braking 
events may be indicative of aggressive driving such as tail 
gating slower moving traffic and lane weaving. Since the 
data is collected centrally, comparisons can be made 
between drivers and driver profile types can thus be created. 
0070. In one embodiment of the invention, the evaluation 
of data comprises events of vehicle speed, compliance with 
traffic signs and signals, vehicle acceleration and time of 
day. See FIG. 10 
0071. It will be further appreciated that evaluation of 
these additional or alternative variables will require minimal 
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adjustment to the logic flow diagrams (FIGS. 3 through 
18). For example, driving after selected times on Friday and 
Saturday evenings may be rated independent of other vari 
ables since these times are statistically the most dangerous 
times. Again, the time of vehicle operation, and designation 
of the driver, will be included in the data set for the preferred 
embodiment. 

0072 FIGS. 19A, 19B, 19C and 19D comprise a table of 
actual recorded time marked speed data and assessed vio 
lation/penalty utilizing an embodiment of the invention. 
FIGS. 19A through 19D comprise a table of data points 
collected from an actual motor vehicle trip 19-1, utilizing 
OBDII and GPS components, and evaluated 19-2 by the 
subject invention. The table presents only collected data 
points in which a speed violation 19-6 was recorded. It will 
be appreciated that the table could present vehicle speed 
information for each sequential data point regardless of an 
excess speed event (or other recorded vehicle operation 
characteristic). In the event depicted in FIGS. 19A through 
19D, the trip started at a time prior to 1:55:29 PM on Dec. 
29, 2003. The vehicle speed was collected every 2-seconds 
and the vehicle position was also recorded at the same 2 
second intervals. Both recording devices utilized atomic 
clocks to regulate time intervals and synchronization. The 
speed limit information 194 applicable to the specific road 
and location traveled was recorded in the CPU evaluating 
the data. The actual vehicle location was derived by the GPS 
Supplied information. 
0.073 For the driving event (“trip') subject of FIG. 19, 
the identity of the driver is disclosed. The actual speed is 
recorded and compared to the posted speed limit for each 
time marked interval. 

0074) A driver safety rating (DSR) 19-8 is established 
upon the evaluation of the data. In the driving event subject 
of FIG. 19, only driving speed having been recorded as 
exceeding the pre-selected criteria, i.e., posted speed limit 
has been displayed. (See for example 19-3, 19-5 & 19-6.) 
0075). In the embodiment of the invention illustrated by 
FIG. 2, a driver safety rating is established by first evalu 
ating the recorded data of FIG. 1 in accordance with a 
formula and Subtracting the resulting numerical value (O) 
from 100 where 100 represents optimally safe motor vehicle 
operation. The formula utilized in this embodiment is: 

0076 O=driver safety rating speed violation deduction 
0.077 V=vehicle speed recorded from OBDII 
0078 L=posted speed limit obtained from a GIS data 
base utilizing the GPS location stamp for the data 
interval. 

0079 x=adjustment factor to normalize the deduction 
to a basis DSR of 100. 

As stated above, the driver safety rating (DSR)= 100-O. 
0080. In another embodiment, the product of the calcu 
lation can be adjusted by a factor (L) where u=an adjustment 
factor for traffic conditions, weather conditions or time of 
day. It will be readily appreciated that operation of a vehicle 
at a speed in excess of the posted limit may be subject to a 
greater penalty or evaluative numerical significance if occur 
ring in rain, icy conditions, nighttime, etc. Other factors 
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which may justify a further adjustment criteria would 
include operating a vehicle in excess of the posted speed in 
a school Zone, during rush hour or on roads that have 
statistically higher accident rates. 

0081. It will be further appreciated that the information 
contained in the table comprising FIGS. 19A and 19B 
illustrates one data collection sequence that may utilized and 
recorded on the transferable electronic memory media and 
downloaded to a separate CPU. 

0082 FIG. 20 illustrates the home page displayed to a 
user of an embodiment of the invention that incorporates the 
logic flow sequences illustrated in FIGS. 2 through 18 
herein. 

0.083 FIG. 21 illustrates the log in page displayed 21-1 
to a user of an embodiment of the invention. 

0084 FIG. 22 illustrates the screen page displayed to the 
user 22-1 after logging into the invention allowing the user 
to select 22-2 among multiple drivers having recorded 
driving data uploaded within the database of the invention. 

0085 FIG. 23 illustrates the screen display allowing the 
user to view various driving events 23-1 of the selected 
driver 23-2 that are within the invention database and for 
which a Driver Safety Rating 23-3 has been computed. 

0.086 FIG. 24 illustrates the screen display providing the 
type of violation 24-1 and computed DSR 24-2 for each 
violation type for a selected trip 24-3. 

0087 FIG. 25 illustrates the screen display of evaluated 
trip data derived from the matrix of time and location 
marked data. FIG. 25 is a presentation of information of the 
type of information of FIGS. 19A through 19D as it may 
appear on a user's computer Screen. 

0088 FIG. 26 illustrates a map of the actual travel of the 
vehicle as recorded and evaluated based upon several data 
bases utilizing the time marked and location marked data. 
FIG. 26 is a presentation of the GPS data 26-1A, 26-1B, 
26-1C. 26-2 & 26-3, collected as part of the data set forth in 
FIG. 25, as it may appear on the user's computer screen and 
illustrating the actual route of vehicle travel. The designated 
path of travel may be further color coded 26-4 or otherwise 
marked to show the specific location of the event of excess 
speed or other characteristic included in the evaluation 
determining the driver safety rating. 

0089 FIG. 27 is a representation of the display screen of 
the invention showing the streets 27-1 traveled during a 
selected driving event as well as the time 27-2A & 27-2B 
and speed limit 27-3. The screen can be modified to incor 
porate other information. 

0090 Looking at FIGS. 8 and 9, it will of course be 
appreciated that sequential data of speed can be used to 
calculate the rate of acceleration. This can be either a 
positive or negative value with a negative value indicating 
de-acceleration. In one embodiment of the invention, the 
evaluation of data may utilize the following formula: 
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0.091 where 
0092 (p=driver safety rating acceleration deduction 

0093 V=vehicle velocity from the pervious time 
interval recorded from OBDII 

0094 V=vehicle velocity from the current time inter 
val recorded from OBDII. 

0.095 t=time increment between data points 

0.096 L=speed limit 

0097 y=adjustment factor to normalize the deduction 
to a basis driver safety rating of 100. 

0.098 0.6=threshold G-Force above which violations 
are recorded. 

0099. As with speed, the acceleration factor may be 
subject to a further adjustment (LL) for traffic, road or weather 
conditions as well as for time of day, etc. 

0100. In another embodiment, the rating may include the 
operator's adherence to traffic control signs and traffic 
signals (o). This embodiment will require synchronized GPS 
and OBDII data. An example of application of this capability 
would be failure of the vehicle to stop at a geographic 
location, as determined by the combined and time synchro 
nized GPS and OBDII data, known to be controlled by a stop 
sign. This can be viewed as an enhancement of the tracking 
speed with posted speed limits. 

0101 Yet another embodiment may utilize a separate 
factor (B) for travel at night or at determined road locations 
known to have greater accidents. Travel on Interstate high 
ways traversing relatively sparsely populated and un-con 
gested area may understandably present different operating 
challenges and demands than equal mileage driven in con 
gested urban Streets and expressways with great traffic 
density, frequently merging traffic and changing traffic 
speed. Similarly, the drivers behavior, as well as driving 
skill, can be measured by the information metrics of the type 
depicted in FIG. 1. 

0102) In yet another embodiment, the driver safety rating 
will be weighted to reflect the number of separate operating 
events or the cumulative vehicle operation marked data that 
is incorporated in the rating. A rating that is a product of the 
evaluation of numerous events can be expected to have a 
greater accuracy or greater predictive values for other or 
future behavior. 

0103) The driver safety rating comprising an evaluation 
of multiple factors, e.g., speed, rate of acceleration, sign 
adherence and time of day/location, will be an integration of 
the recorded and derived factors. In one embodiment, the 
DSR will be a deduction of the evaluated numerical value 
from a beginning 100 score. The numerical value will first 
require computation of the DSR for each time-marked 
interval, e.g., each two-second interval for which OBDII, 
GPS, etc., data is collected for evaluation. 

0104. In a simple calculation involving the four variables 
listed above, each variable can be given equal weight (with 
or without incorporating modifying factors such as u). In 
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that case, the deduction for each time interval (DSRINTE 
VAL) can simply be expressed as the average of the four 
values for that interval. 

DSRINTERVAL=(O+(p+0+)/4 

0105. The DSRs will then be: 
DSRTRIp=100-(X DSRINTERVAL)/t 

0106 The invention includes altering or adding addi 
tional variables and varying the evaluation as may be 
selected utilizing recorded and uploaded data of vehicle 
operation as taught by this invention. 
0107 The evaluation process can also discard old or 
“stale' information that may be expected to no longer have 
significant predictive value. The criteria for discarding data 
may be a time function only, or incorporate the quantity of 
later data collected. The evaluation process can also incor 
porate a persistence factor for events of selected signifi 
cance. These may be events of driving at speeds in excess of 
20 mph over the posted speed limit. The rating evaluation 
process may retain the data or numerical values for a longer 
duration than data or values pertaining to driving less than 
10 mph above a posted speed limit. This process can utilize 
the “severity” value listed in the table of FIGS. 19A 
through 19D. 
0108) Additional variable factors that may be subject of 
analysis include the number of changes in rate of accelera 
tion (including de-acceleration) per linear distance traveled, 
number of changes in vehicle direction per linear distance 
traveled, use of seatbelts, turning signals, activation of ABS 
or SRS systems, etc. 
0109 The evaluation can also include quantitative 
assessments, such as an evaluation based upon changes in 
vehicle direction, determined from steering wheel move 
ment, time, and vehicle speed. This can be correlated with 
GPS data for validation as indicated above. The data can 
then be further qualitatively assessed for excessive speed 
during turning events, excessive lane changes, etc. The 
qualitative assessment can include assigning numerical val 
ues for events. Events can be qualitatively distinguished, 
i.e., an event of excessive driving speed, an event triggering 
the ABS or SRS system, could have a differing impact than 
an event of failure to activate turning signals. 
0110. An additional embodiment could include measure 
ment of driver performance for a driving event or for 
operation per hour. The measurement can be stored and 
Supplemented by additional driver specific driving events. 
Therefore changes in driver behavior over time can be 
evaluated, thereby providing a current, accurate assessment 
of behavior. With progression of time or collected events, it 
may be possible or advantageous to delete early events and 
data. 

0111. This specification is to be construed as illustrative 
only and is for the purpose of teaching those skilled in the 
art the manner of carrying out the invention. It is to be 
understood that the forms of the invention herein shown and 
described are to be taken as the presently preferred embodi 
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ments. As already stated, various changes may be made in 
the shape, size and arrangement of components or adjust 
ments made in the steps of the method without departing 
from the scope of this invention. For example, equivalent 
elements may be substituted for those illustrated and 
described herein and certain features of the invention may be 
utilized independently of the use of other features, all as 
would be apparent to one skilled in the art after having the 
benefit of this description of the invention. 
0112 Further modifications and alternative embodiments 
of this invention will be apparent to those skilled in the art 
in view of this specification. 
What we claim is: 

1. A method of monitoring behavior comprising recording 
time and location marked data of vehicle operation at regular 
intervals. 

2. The method of claim 1 wherein the monitoring is of a 
vehicle operator of a specified age. 

3. The method of claim 1 wherein the monitoring pertains 
to a government requirement. 

4. The method of claim 1 wherein the monitoring pertains 
to a vehicle rental agreement. 

5. The method of claim 1 wherein the monitoring pertains 
to a COntract. 

6. The method of claim 1 wherein the monitoring pertains 
to an employment agreement. 

7. A method of monitoring behavior comprising recording 
time and location marked data of vehicle operation at regular 
intervals and correlating the data to at least one other 
database. 

8. The method of claim 7 wherein the monitoring is of a 
vehicle operator of a specified age. 

9. The method of claim 7 wherein the monitoring pertains 
to a government requirement. 

10. The method of claim 7 wherein the monitoring 
pertains to a vehicle rental agreement. 

11. The method of claim 7 wherein the monitoring per 
tains to a contract. 

12. The method of claim 7 wherein the monitoring 
pertains to an employment requirement. 

13. The method of claim 7 wherein the other database 
comprises location or geographic dependant information. 

14. The method of claim 13 wherein the database com 
prises a weather. 

15. The method of claim 13 wherein the database com 
prises road or traffic information. 

16. The method of claim 7 wherein the other database 
comprises demographic information. 

17. The method of claim 16 wherein the database com 
prises a credit history. 

18. The method of claim 16 wherein the database com 
prises information of compliance with laws. 

19. The method of claim 16 wherein the database com 
prises medical or health information. 

20. The method of claim 7 wherein the other database 
comprises vehicle operation data. 
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