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SYSTEM AND METHOD FOR

SELECTIVE REVIEW OF EVENT DATA

Related Application

[01] The present application is a continuation-in-part of co-pending United States patent
application serial numbers 11/382,222 and 11/382,239, filed 05/08/2006; and 11/382,325 and
11/382,328, filed 05/09/2006, of concurrent ownership, all of which are incorporated herein

by reference in their entirety.

Background

1. Field of the Invention
[02] The present invention generally relates to reviewing of driving events and more
specifically relates to capturing driving event data and selecting essential parts of the data for

review.

2. Related Art

[03] Typical systems for review of captured driving event data usually require reviewing of
a significant amount of “raw” data. One of the problems with reviewing voluminous “raw”
data is that it involves reviewing essential as well as non-essential data, and separating
essential data from non-essential data (e.g. non-essential pre-event data, etc.). Both, the
reviewing and separating of the data can be very time consuming. Since watching the non-
essential pre-event data by an operator is usually a waste of time, the review process can be
inefficient and time consuming.

[04] Today, there is no system in place that can efficiently shorten the review process by
helping to determine which portion of the captured data is essential, selecting the essential
portion of data, cueing the selected data for review, and retrieving additional data leading to
the event if it is necessary.

[05] Accordingly, what is needed is an efficient system and method for selective cueing

and reviewing of the driving event data that allow to index playback of the captured data just
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prior to the beginning of the essential event data so the non-essential data can be skipped

during the review.

Summary

[06] Accordingly, systems and methods for computer assisted cueing and selective
reviewing of event data to save time in the data review process are provided.

[07] In one aspect, the system for selective review of event data comprises at least one
event capture device, an event detector, an evaluation server and an analysis station. The
event capture device continuously captures driving event data in a buffer. While capturing the
data, the event capture device also checks the status of a trigger which can be set by the event
detector to either “on” or “off.” If the trigger is “on,” the event capture device sends driving
event data to the event detector continuously. If the trigger is “off,” the event capture device
only keeps capturing event data and filling the buffer, and writing over the previously
captured data when the buffer is full.

[08] In one aspect, when a driving event starts, an operator sends an event trigger to the
event detector, or a detector configured to detect a driving event which potentially requires
evaluation sends a trigger to the event detector. Upon receiving the trigger, the event detector
passes the trigger to at least one event capture device. In response to the trigger, the event
capture device sends data to the event detector.

[09] In one aspect, the event detector collects three types of data: pre-event data, event data
and post-event data. The event detector then indexes the beginning and end of the pre-event
data, event data and post-event data.

[10] In one aspect, the event detector combines the pre-event data, during-event data and
post-event data into a single driving event and stores the events in the evaluation server.
From the server, the data are sent to the analysis station where they are cued, reviewed and
analyzed.

[11] Other features and advantages of the present invention will become more readily
apparent to those of ordinary skill in the art after reviewing the following detailed description

and accompanying drawings.
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Brief Description of the Drawings

[12] The details of the present invention, both as to its structure and operation, may be
gleaned in part by study of the accompanying drawings, in which like reference numerals
refer to like parts, and in which:

[13] Figure 1 is a block diagram illustrating an example event detector in control of a
plurality of event capture devices deployed in a vehicle according to an embodiment of the
present invention;

[14] Figure 2 is a block diagram illustrating an example event detector according to an
embodiment of the present invention;

[15] Figure 3 is a block diagram illustrating an example event according to an embodiment
of the present invention;

[16] Figure 4 is a block diagram illustrating an example of captured driving event data
according to an embodiment of the present invention;

[17] Figure 5 is a network diagram illustrating an example system for selective reviewing
of driving event data according to an embodiment of the present invention;

[18] Figure 6 is a block diagram illustrating an example analysis station according to an
embodiment of the present invention;

[19] Figure 7A is a flow diagram illustrating an example process for capturing driving data
according to an embodiment of the present invention;

[20] Figure 7B is a flow diagram illustrating an example process for receiving, combining
and storing driving data according to an embodiment of the present invention;

[21] Figure 8 is a flow diagram illustrating an example process for cueing and playing
driving event data according to an embodiment of the present invention;

[22] Figure 9 is a block diagram illustrating an exemplary wireless communication device
that may be used in connection with the various embodiments described herein; and

[23] Figure 10 is a block diagram illustrating an exemplary computer system as may be

used in connection with various embodiments described herein.

Detailed Description

[24] Certain embodiments as disclosed herein provide for systems and methods for

computer assisted cueing and selective reviewing of driving data in order to save time in the
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review process. For example, the method for selective cueing and reviewing of the driving

events allows an operator to select a part of the captured driving event data, review the data
and, if it is needed, retrieve more data leading to the event.

[25] In one embodiment, the system for selective reviewing of driving event data comprises
an event detector coupled with a vehicle, an evaluation server, an analysis station and at least
one event capture device. The event capture device captures driving event data and sends the
data to the event detector upon receiving a request from the event detector. The event
detector is configured to receive, index and store driving events. The events data are indexed
using a pre-event time index, a trigger time index, and a post-event time index. The
evaluation server receives driving events from the event detector, stores them and provides
them to the analysis station where the data are cued, reviewed and analyzed.

[26] In one embodiment, the analysis station comprises a data loading module, a data
indexing module, a data control module, and a data playing module. The data loading module
is configured to receive the driving event data from the evaluation server and load the data for
review. The data indexing module is configured to cue up the driving event at a cue time set
substantially close, but prior to the trigger time. The data playing module is configured to
play the driving event from the cue time to the post-event time.

[27] In one embodiment, the method for selective reviewing of driving event data
comprises capturing and indexing a driving event at an event detector, sending the driving
event from the event detector to an evaluation server, receiving and storing a plurality of
driving events at the evaluation server, sending the driving event from the evaluation server to
an analysis station, receiving the driving event at the analysis station and loading the driving
event for review. Once the driving event data are cued, the data are played from the cue time
to the end of the event data (indexed by the post-event time).

[28]  After reading this description it will become apparent to one skilled in the art how to
implement the invention in various alternative embodiments and alternative applications.
However, although various embodiments of the present invention will be described herein, it
is understood that these embodiments are presented by way of example only, and not
limitation. As such, this detailed description of various alternative embodiments should not
be construed to limit the scope or breadth of the present invention as set forth in the appended

claims.
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[29] FIG. 1 is a block diagram illustrating an example event detector 30 in control of a

plurality of event capture devices 20 deployed in a vehicle 10 according to an embodiment of
the present invention. In the illustrated embodiment, the event detector 30 is integrated with
the vehicle 10 and is communicatively coupled with the event capture devices 20. The event
detector 30 is also configured with data storage 35.

[30] The event detector 30 can be any of a variety of types of computing devices with the
ability to execute programmed instructions, receive input from various sensors, and
communicate with one or more internal or external event capture devices 20 and other
external devices (not shown). An example of a general purpose computing device that may
be employed as all or a portion of an event detector 30 is later described with respect to FIG.
10.

[31] In one embodiment, the event detector 30 monitors its sensor to detect a driving event.
When the event detector 30 detects a sensor output or trigger indicting the start of a driving
event, the event detector 30 instructs one or more event capture devices 20 to send pre-event
data, during the event data, and post-event data to the event detector 30. Then, the event
detector 30 stores the data in the data storage area 35 as an event. Events may comprise a
variety of situations, including automobile accidents, reckless driving, rough driving, or any
other type of stationary or moving occurrence that the owner of a vehicle 10 may desire to
know about.

[32] The vehicle 10 may have a plurality of event capture devices 20 placed in various
locations around the vehicle 10. An event capture device 20 may comprise a video camera,
still camera, microphone, and other types of data capture devices. For example, an event
capture device 20 may include an accelerometer that senses changes in speed or direction.
Additional sensors and/or data capture devices may also be incorporated into an event capture
device 20 in order to provide a rich set of information about a detected event.

[33] The data storage area 35 can be any sort of internal or external, fixed or removable
memory device and may include both persistent and volatile memories. The function of the
data storage area 35 is to maintain data for long term storage and also to provide efficient and
fast access to instructions, applications and/or modules that are executed by the event capture

device 30.
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[34] In one embodiment, the event detector 30 in combination with the one or more event

capture devices 20 identifies an event and stores certain audio and video data along with
related information about the event. For example, related information may include the speed
of the vehicle when the event occurred, the direction the vehicle was traveling, the location of
the vehicle (e.g., from a global positioning system (“GPS”) sensor), and other information
from sensors located in and around the vehicle or from the vehicle itself (e.g., from a data bus
integral to the vehicle such as a J-1850 vehicle bus). This combination of audio, video, and
other data is compiled into one event. The event can be stored in data storage 35 onboard the
vehicle for later delivery to an evaluation server.

[35] FIG. 2 is a block diagram illustrating an example event detector 30 according to an
embodiment of the present invention. In the illustrated embodiment, the event detector 30
comprises an audio/video (“AV”) module 100, a sensor module 110, a communication
module 120, and a control module 130. Additional modules may also be employed to carry
out the various functions of the event detector 30, as will be understood by those having skill
in the art.

[36] In one embodiment, the AV module 100 is configured to manage the audio and video
input from one or more event capture devices and storage of the audio and video input. The
sensor module 110 is configured to manage one or more sensors that can be integral to the
event detector 30 or external from the event detector 30. For example, an accelerometer may
be integral to the event detector 30 or it may be located elsewhere in the vehicle. The sensor
module 110 may also manage other types of sensor devices such as a GPS sensor, temperature
sensor, moisture sensor, or the like (all not shown).

[37] The communication module 120 can be configured to manage communications
between the event detector 30 and other devices and modules. For example, the
communication module 120 may handle communications between the event detector 30 and
the various event capture devices. The communication module 120 may also handle
communications between the event detector 30 and a memory device, a docking station, or a
server such as an evaluation server. The communication module 120 is configured to
communicate with these various types of devices and other types of devices via a direct wire
link (e.g., USB cable, firewire cable), a direct wireless link (e.g., infrared, Bluetooth), or a

wired or wireless network link such as a local area network (“LAN”), a wide area network



WO 2007/133990 PCT/US2007/068329

-7-
(“WAN?”), a wireless wide area network (“WWAN?”), or an IEEE 802 wireless network such

as an IEEE 802.16 (“WiFi”) network.

[38] The control module 130 can be configured to control the actions or remote devices
such as the one or more event capture devices. For example, the control module 130 may be
configured to instruct the event capture devices to capture an event and return the data to the
event detector when it is informed by the sensor module 110 that certain trigger criteria have
been met that identify an event.

[39] FIG. 3 is a block diagram illustrating an example event 150 according to an
embodiment of the present invention. In the illustrated embodiment, the event 150 comprises
audio data 160, video data 170, and mectadata 180. Audio data 160 can be collected from
inside the vehicle, outside the vehicle, and may include information from an internal vehicle
bus about the baseline noise level of the operating vehicle, if such information is available.
Additional information about baseline noise level, radio noise level, conversation noise level,
or external noise level may also be included in audio data 160.

[40] Video data 170 may include still images or moving video captured by one or more
cameras in various locations in and around the vehicle. Video data 170 may include images
or video from inside the vehicle, outside the vehicle, or both. In one particularly
advantageous embodiment, still images and moving video that illustrate the entire area inside
the vehicle and the entire 360 degree area surrounding the vehicle are captured by a plurality
of image capture devices and included in video data 170.

[41] Metadata 180 may include a variety of additional information that is available to the
event detector at the time of an event. Such additional data may include the velocity and
direction of the vehicle, the GPS location of the vehicle, elevation, time, temperature, and
vehicle engine and electrical component information captured from an internal vehicle bus,
just to name a few. Additional information may also be included such as the number of
occupants in the vehicle, whether seatbelts were fastened, whether airbags deployed, and
whether evasive maneuvering was attempted as determined by the route of the vehicle prior to
the event. As will be understood by those skilled in the art, metadata 180 may include an
extremely rich variety of information limited only by the scope and type of information

obtained prior to, during, and after an event.
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[42] FIG. 4 is a block diagram illustrating an example of captured driving event data or

driving event record 505 according to an embodiment of the present invention. In the
illustrated embodiment, the captured event data 505 comprises audio data 160, video data
170, and metadata 180.

[43] In one embodiment, the event detector receives buffers of the captured event data 505.
The length of a buffer may vary. In the illustrated embodiment, the buffer can capture ninety
seconds of data.

[44] The captured event data 505 may comprise three data segments: pre-event data 502,
event data 504 and post-event data 506. Although the three data segments are the same length
in the illustrated embodiment, they may be of different lengths in other embodiments. The
pre-event data 502 comprises the data captured just before the driving event was triggered.
The event data 504 comprises the driving event data captured from the beginning of the event
to the end of the event. The post-event data 506 comprises the data captured after the driving
event ended.

[45] In one embodiment, the event detector is configured to create metadata tags, and use
those tags to index the beginning and the end of the pre-event data, event data and post-event
data. For example, the beginning of the pre-event data can be indexed with a pre-event time
tag set to the beginning of the pre-event data, whereas the end of the pre-event data can be
indexed with a trigger time tag set to the end of the pre-event data. Similarly, the beginning
of the event data can be indexed with the trigger time tag set to the beginning of the event
data, whereas the end of the event data can be indexed with an end time tag set to the end of
the event data. Correspondingly, the beginning of a post-event data can be indexed with the
end time tag set to the beginning of the event data, whereas the end of the post-event data can
be indexed with a post-event time tag set to the end of the post-event data.

[46] In one embodiment, the event detector is configured to concatenate a number of data
buffers. For example, the event detector can concatenate pre-event data with event data and
with post-event data.

[47] In the embodiment illustrated in FIG.4, a captured driving event or driving event
record 505 comprises three consecutive buffers of collected data. Each buffer is indexed
using metadata tags and then concatenated to form the event 505. More specifically, the pre-

event data 502 was collected during a period of time which started at a “pre time” (indicated



WO 2007/133990 PCT/US2007/068329

9-
as tre)) and ended at the trigger time (indicated as t(yigger)). Similarly, the event data 504 was

collected during a period of time which started at the trigger time (indicated as t(gigger)) and
ended at an “end time” (indicated as tng)). Correspondingly, the post-event data 506 was
collected during a period of time which started at the end time (indicated as tnq)) of the

event data and ended at a “post time” (indicated as t,o5)). Then, the pre-event data 502 was
concatenated with the event data 504 and with the event data 506.

[48] FIG. 5 is a network diagram illustrating an example system for selective reviewing of
driving event data in communication via a network according to an embodiment of the present
invention. In the illustrated embodiment, the system includes an event detector 30, an
evaluation server 50, and an analysis station 60, each communicating with another via a
network 76, and cach coupled with a data storage area 35, 55, and 65, respectively.
Additional event detectors 30, evaluation servers 50, and analysis stations 60 may also be
included.

[49] The function of the event detector 30 is to identify and capture a plurality of events
and send data structures representing the audio, video, and other related data, collectively
called an “event,” to the evaluation server 50. The evaluation server maintains the captured
events and provides them to the analysis station 60 where the events are reviewed. The
analysis station 60 may be configured with certain hardware and software modules that allow
an operator to review event data (e.g., audio, video, and metadata) in order to make an
analysis related to the event and create summary reports and the like.

[S0] After an event is reviewed, it may be discarded, flagged for follow up, flagged for
inclusion in one or more reports, or otherwise maintained for later reporting or analysis. In
one embodiment, certain portions of one or more events may be incorporated into a report and
then sent to the evaluation server 50 for storage.

[S1] In one embodiment, an event 150 is captured by an event detector 30 and stored until
it is provided to the evaluation server 50. The means by which an event 150 can be provided
to the evaluation server 50 can vary. For example, an event 150 may be provided from event
detector 30 to the evaluation server 50 by way of a portable media device, a direct wire link, a

direct wireless link, an indirect wire link, an indirect wireless link, or any combination of
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these. Event 150 may be secured by encryption of the event data structure and/or a secure

channel between the event detector 30 and the evaluation server 50.

[S2] For example, a portable media device may include a USB drive, compact disc, thumb
drive, media card, or other similar type of device. A direct wire link may include a USB
cable, a firewire cable, an RS-232 cable, or the like. A direct wireless link may include an
infrared link, a Bluetooth link, or an IEEE 802.11 point-to-point link, just to name a few. An
indirect wired link may include a packet switched or circuit switched network connection
configured for conveyance of data traffic. An Ethernet network connection is an example of a
packet switched indirect wired link and a dial up modem connection is an example of a circuit
switched indirect wired link, both of which may be configured for conveyance of data traffic.
[53] In the illustrated embodiment, the event 150 travels over the network 76 from the
event detector 30 to the evaluation server 50. The network 76 may comprise any of a variety
of network types and topologies and any combination of such types and topologies. For
example, the network 76 may comprise a plurality of networks including private, public,
circuit switched, packet switched, personal area networks (“PAN”), local area networks
(“LAN”), wide area networks (“WAN”), metropolitan areca networks (“MAN”), or any
combination of these. The network 76 may also include that particular combination of
networks universally known as the Internet.

[S4] The event 150 may travel to the wireless network 76 by way of an access point (not
shown) and then on to the evaluation server 50 via the wireless network 76 in one
embodiment. The access point may provide access via many different wireless network
protocols as will be well understood by those having skill in the art. The wireless network
may be a WWAN or a WiFi network. The link between the event detector 30 and the access
point may be a short range direct link or a wide range direct link. The access point may be a
large radio tower device or a small in-home wireless appliance. The wireless network 76 may
include over the air segments and also wired segments. For example, the last mile segments
of wireless network may be over the air while internal and back end segments may be wired
segments. In one embodiment, the wireless network 76 may provide a wireless interface to
the event detector and then have a wired interface on the back end to the Internet, which in

turn connects to the evaluation server 50.
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[S5] In one embodiment, an event 150 may be provided from the event detector 30 to a

docking station, (not shown) then to the network 76, and then to the evaluation server 50.
Providing the event 150 from the event detector 30 to the docking station can be
accomplished via a variety of means as described above, including portable media, direct
wired or wireless link, and indirect wired or wireless link. The event detector 30 may also be
physically coupled with the docking station to convey the event 150 from the event detector
30 to the docking station. Once the event 150 is received by the docking station, the event
150 is sent over the network 76 to the evaluation server 50.

[S6] The network 76 may be a wired or wireless network or a combination of the two. The
network 76 may also be private or public in whole or in part and may also include the
Internet.

[S7] In one embodiment, the evaluation server 50 is configured to save the event data in a
data buffer, create groups of events, and concatenate data from a number of data buffers.

[S8] The event detector 30 may be configured to create metadata tags and assign them to a
variety of points in one embodiment. A metadata tag correlates to a particular moment in
time and can be linked to a corresponding portion of a video and/or audio buffer. For
example, for a given event, one metadata tag can be assigned to the beginning of the event,
and another metadata tag can be assigned to the end of the event.

[S9] In one embodiment, a group of events 152 traveling from the evaluation server 50 can
be routed to the analysis station 60. The means by which the group of events 152 can be
provided to the analysis station 60 can vary. In various embodiments (or in a single
embodiment), the group of events 152 can be provided by the evaluation server 50 to the
analysis station 60 via the network 76.

[60] The group of events 152 may be identified, for example, by searching for all events
that pertain to a particular driver. This may be accomplished by associating each event at the
time it is captured with a particular driver. For example, the driver of a vehicle may have a
unique identifier and that unique identifier may be included as part of the metadata for each
event that is captured while that driver is operating the vehicle.

[61] Groups of events 152 may also be identified by all events associated with a particular
company, a particular shift, a particular supervisor, or other reporting structure or working

structure combinations. Such a group of events 152, once provided to the analysis station 60,
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can then be analyzed by an operator who reviews each event and identifies those events that

need to be reported or shown to the driver.

[62] FIG. 6 is a block diagram illustrating an example analysis station 60 according to an
embodiment of the present invention. In the illustrated embodiment, the analysis station 60
includes a data control module 62, a data loading module 64, a data indexing module 66 and a
data playing module 68.

[63] The function of the data control module 62 is to receive a driving event from the
evaluation server, identify a trigger time in the metadata associated with the event and send
the driving event to the data loading module 64. The data loading module 64 loads the
driving event data to a playing device for review.

[64] Before the data are played, the data have to be properly cued by the data indexing
module 66. The data indexing module 66 determines the cue point for the cueing of the
driving event by selecting a cue interval and computing the cue point in time. As a first
approximation, the data indexing module 66 presets the cue interval to a relatively small time
interval, such as, e.g. 2 seconds. Then, the data indexing module 66 determines the cue point
by subtracting in time the cue interval from the trigger time.

[65] In one embodiment, the cue point is adjusted until the playing of the driving event
starts at a desired point in time. The adjusting of the cue point time can be an iterative
process. It can involve a repetitive adjustment of the cue interval and a repetitive
recalculation of the new cue point.

[66] The main function of the data playing module 68 is to play the event for review. The
data playing module 68 plays the data from the cue point to the end of event data or until an
operator stops the playing.

[67] FIG. 7A is a flow diagram illustrating an example process for capturing driving data
according to an embodiment of the present invention. In the illustrated embodiment, the
event capture device continuously captures driving data, puts the data in a buffer, and sends
the data to the event detector if the event detector requests that.

[68] At a step 510, the event capture device receives data. The data is captured
continuously by filling the data buffer with incoming data starting from the beginning of the
buffer to the end of the buffer.
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[69] Atastep 511, the event capture device monitors a trigger to find out whether the event

detector requested the data. As soon as a trigger or request is received from the event detector
asking the event capture device to send captured data, the event capture device sends the
contents of the buffer to the event detector (step 512), and continues to send buffers of
captured data to the event capture device until the event detector asks it to stop. If no trigger
or request to send data is received and the buffer is full, the event capture device continues to
capture data by overwriting the buffer with new data (step 510).

[70]  The length of the buffer may vary. In one embodiment, the size of the buffer allows
storing of ninety seconds of video data, audio data, or meta data.

[71] At a step 512, the event capture device sends the whole buffer of data to the event
detector after receiving a request or trigger. As soon as the buffer is sent, the event capture
device proceeds to overwrite the bits and bytes of the buffer with new data, in step 510, and
sends the next buffer of data to the event detector unless a request to stop sending data is
recetved.

[72] FIG. 7B is a flow diagram illustrating an example process for receiving, combining
and storing driving data at an event detector according to an embodiment of the present
invention. In the illustrated embodiment, once the event detector detects a driving event or
receives an event trigger, the event detector requests data from at least one event capture
device, receives buffers with data from the event capture device, indexes appropriate portions
of data as pre-event data, during-event data and post-event data, and concatenates the portions
into one event. For example, for a given driving event, the event detector can concatenate
pre-event data, during-the-event data and post-event data into a single driving event. The
trigger which indicates the start of a driving event which may require analysis may be based
on the output of a g-force sensor, audio data, or application of a brake pedal or the like. In
one embodiment, the event detector may monitor for a predetermined output or event trigger
from a sensor or the like, and on receipt of this output sends a trigger or request to one or
more event capture devices to send data captured in their buffers to the event detector, and
stores the time of receipt of the trigger as the event trigger time.

[73] At a step 514, the event detector receives a trigger at time t yigger . A request is then

sent to one or more event capture devices to send captured data (step 515). The captured data
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in the buffer includes pre-event data, i.e. the data that the event capture device had stored in

the buffer prior to the trigger time.

[74] The event detector then receives buffers of captured data from the event capture
device (step 516), or several event capture devices when the event detector has instructed
more than one device to send its captured data. At a step 517, the event detector stores its own
buffer with pre-event data and assigns a meta tag “t(yr)” to the beginning of the pre-event data
and a meta tag “tiyigeer)” to the end of the pre-event data.

[75] At astep 518, the event detector stores received event data (i.e. data received from the
event capture devices starting at the trigger time t(mgger)) and assigns the meta tag “fiigger)” to
the beginning of the event data. While collecting event data, the event detector continuously
monitors the trigger status (520), and continues to store event data while the trigger remains
on. The trigger state changes to “off” when the driving event is over (i.e. the trigger
conditions are no longer in effect, or a sensor output or end trigger indicates that the event is
at an end, or a predetermined time period has expired). The actual event duration may be
controlled by an ON and OFF trigger status, i.e. the event detector requests data from event
capture devices when the trigger status changes to ON, and assigns an end time to the event
when the trigger status changes to OFF. At this point, the event detector assigns a meta tag
“fend)” to the end of the event data, and continues to store and receive post-event data from
the or each event capture device for a predetermined time period (step 522). In step 522, the
event detector stores one or more buffers with the post-event data and assigns the meta tag
“fend)” to the beginning of the post-cvent data and a meta tag “f,0s1)” to the end of the post-
event data. When the desired amount of post event data has been received by the event
detector, the event capture device is instructed to stop sending data (step 524). This may done
by changing a trigger status to OFF. It will be understood that any desired pre-event and post-
event time period may be selected for completing the captured driving event

[76] The data are indexed in steps 517, 518 and 522 as follows: the beginning and the end
of the pre-event data are indexed by meta-tags “t(pr)” and “t(uigger),” the beginning and the end
of the event data are indexed by meta-tags “t(uigger)” and “tiena),” and the beginning and the end

of the post-event data are indexed by meta-tags “tend)” and “tipost).”
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[77] At a step 526, the event detector combines the pre-event data, during-the-event-data

and post-event data with the appropriate metadata tags into a single event record. Then, at a
step 528, the event detector sends the single event record to the evaluation server. The buffers
are concatenated as it was described in FIG. 4.

[78] FIG. 8 is a flow diagram illustrating an example process for cueing and playing
driving event data according to an embodiment of the present invention. In the illustrated
embodiment, an analysis station loads the captured driving event data to a playing device,
cues the data and plays the data for review. If necessary, the driving data may be iteratively
re-cued and re-played until the review is completed.

[79] At a step 550, the analysis station loads the captured driving event data to a playing
device for review. The concatenated captured driving event data may comprise the pre-event
data, during-the-event data and post-event data.

[80] At a step 552, the analysis station sets a cue interval. The cue interval is a leading
time used to determine how many seconds of pre-event data are going to be played before the
playing of the during-the-event data starts. The size of the cue interval depends on the type of
the driving event and the circumstances of the review. Usually, at first, the cue interval is
ad hoc selected to be a small period of time, and later it is refined to a more accurate time
interval. For example, the cue interval may be at first set to two seconds. If the two-second-
cue interval is acceptable, the last two seconds of the pre-event data are going to be played
before the playing of the event data. In an alternative embodiment, the cue interval may be
set to a period of time measured in minutes, etc.

[81] At a step 554, the analysis station determines the cue point for the playing of the
captured driving event data. The cue point is computed by subtracting the cue interval from
the trigger time. For example, if the cue interval is two seconds, then the cue point is set to
two seconds prior to the trigger time.

[82] At a step 556, the analysis station initiates the playing of the captured event data
starting from the cue point. Then, if a reviewer requests that the data be backed off (step
558), the analysis station increases the cue interval (step 570), adjusts the cue point to reflect
the new cue interval (step 554), and restarts the playback from the new cue point (step 556).
[83] The process of adjusting the cue point and playing back is repeated until further

adjustments of the cue point are unnecessary. Once that is achieved, at step 560, the playing
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of the captured driving event data is continued until the end of the driving event or until an

operator stops the playing. For example, the operator may want to view at least part of the
post-event data 506 before stopping the playback.

[84] FIG. 9 is a block diagram illustrating an exemplary wireless communication device
650 that may be used in connection with the various embodiments described herein. For
example, the wireless communication device 650 may be used in conjunction with an event
detector previously described with respect to FIGS. 1-2, or an evaluation server or an analysis
station previously described with respect to FIGS. 5-6. However, other wireless
communication devices and/or architectures may also be used, as will be clear to those skilled
in the art.

[85] In the illustrated embodiment, wireless communication device 650 comprises an
antenna 652, a multiplexor 654, a low noise amplifier (“LNA”) 656, a power amplifier (“PA”)
658, a modulation circuit 660, a baseband processor 662, a speaker 664, a microphone 666, a
central processing unit (“CPU”) 668, a data storage arca 670, and a hardware interface 672.
In the wireless communication device 650, radio frequency (“RF”) signals are transmitted and
received by antenna 652. Multiplexor 654 acts as a switch, coupling antenna 652 between the
transmit and receive signal paths. In the receive path, received RF signals are coupled from a
multiplexor 654 to LNA 656. LNA 656 amplifies the received RF signal and couples the
amplified signal to a demodulation portion of the modulation circuit 660.

[86] Typically modulation circuit 660 combines a demodulator and modulator in one
integrated circuit (“IC”). The demodulator and modulator can also be separate components.
The demodulator strips away the RF carrier signal leaving a base-band receive audio signal,
which is sent from the demodulator output to the base-band processor 662.

[87] If the base-band receive audio signal contains audio information, then base-band
processor 662 decodes the signal and converts it to an analog signal. Then the signal is
amplified and sent to the speaker 664. The base-band processor 662 also receives analog
audio signals from the microphone 666. These analog audio signals are converted to digital
signals and encoded by the base-band processor 662. The base-band processor 662 also codes
the digital signals for transmission and generates a base-band transmit audio signal that is
routed to the modulator portion of modulation circuit 660. The modulator mixes the base-

band transmit audio signal with an RF carrier signal generating an RF transmit signal that is
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routed to the power amplifier 658. The power amplifier 658 amplifies the RF transmit signal

and routes it to the multiplexor 654 where the signal is switched to the antenna port for
transmission by antenna 652.

[88] The baseband processor 662 is also communicatively coupled with the central
processing unit 668. The central processing unit 668 has access to a data storage area 670.
The central processing unit 668 is preferably configured to execute instructions (i.e., computer
programs or software) that can be stored in the data storage area 670. Computer programs can
also be received from the baseband processor 662 and stored in the data storage area 670 or
executed upon receipt. Such computer programs, when executed, enable the wireless
communication device 650 to perform the various functions of the present invention as
previously described.

[89] In this description, the term “computer readable medium” is used to refer to any media
used to provide executable instructions (e.g., software and computer programs) to the wireless
communication device 650 for execution by the central processing unit 668. Examples of
these media include the data storage area 670, microphone 666 (via the baseband processor
662), antenna 652 (also via the baseband processor 662), and hardware interface 672. These
computer readable mediums are means for providing executable code, programming
instructions, and software to the wireless communication device 650. The executable code,
programming instructions, and software, when executed by the central processing unit 668,
preferably cause the central processing unit 668 to perform the inventive features and
functions previously described herein.

[90] The central processing unit is also preferably configured to receive notifications from
the hardware interface 672 when new devices are detected by the hardware interface.
Hardware interface 672 can be a combination electromechanical detector with controlling
software that communicates with the CPU 668 and interacts with new devices.

[91] FIG. 10 is a block diagram illustrating an exemplary computer system 750 that may be
used in connection with the various embodiments described herein. For example, the
computer system 750 may be used in conjunction with an event detector previously described
with respect to FIGS. 1-2, or an evaluation server or an analysis station previously described
with respect to FIGS. 5-6. However, other computer systems and/or architectures may be

used, as will be clear to those skilled in the art.
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[92] The computer system 750 preferably includes one or more processors, such as

processor 752. Additional processors may be provided, such as an auxiliary processor to
manage input/output, an auxiliary processor to perform floating point mathematical
operations, a special-purpose microprocessor having an architecture suitable for fast execution
of signal processing algorithms (e.g., digital signal processor), a slave processor subordinate
to the main processing system (e.g., back-end processor), an additional microprocessor or
controller for dual or multiple processor systems, or a coprocessor. Such auxiliary processors
may be discrete processors or may be integrated with the processor 752.

[93] The processor 752 is preferably connected to a communication bus 754. The
communication bus 754 may include a data channel for facilitating information transfer
between storage and other peripheral components of the computer system 750. The
communication bus 754 further may provide a set of signals used for communication with the
processor 752, including a data bus, address bus, and control bus (not shown). The
communication bus 754 may comprise any standard or non-standard bus architecture such as,
for example, bus architectures compliant with industry standard architecture (“ISA”),
extended industry standard architecture (“EISA”), Micro Channel Architecture (“MCA”),
peripheral component interconnect (“PCI”) local bus, or standards promulgated by the
Institute of Electrical and Electronics Engineers (“IEEE”) including IEEE 488 general-
purpose interface bus (“GPIB”), IEEE 696/S-100, and the like.

[94] Computer system 750 preferably includes a main memory 756 and may also include a
secondary memory 758. The main memory 756 provides storage of instructions and data for
programs executing on the processor 752. The main memory 756 is typically semiconductor-
based memory such as dynamic random access memory (“DRAM”) and/or static random
access memory (“SRAM?”). Other semiconductor-based memory types include, for example,
synchronous dynamic random access memory (“SDRAM”), Rambus dynamic random access
memory (“RDRAM”), ferroelectric random access memory (“FRAM”), and the like,
including read only memory (“ROM”).

[95] The secondary memory 758 may optionally include a hard disk drive 760 and/or a
removable storage drive 762, for example a floppy disk drive, a magnetic tape drive, a
compact disc (“CD”) drive, a digital versatile disc (“DVD”) drive, etc. The removable

storage drive 762 reads from and/or writes to a removable storage medium 764 in a well-
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known manner. Removable storage medium 764 may be, for example, a floppy disk,

magnetic tape, CD, DVD, etc.

[96] The removable storage medium 764 is preferably a computer readable medium having
stored thereon computer executable code (i.c., software) and/or data. The computer software
or data stored on the removable storage medium 764 is read into the computer system 750 as
electrical communication signals 778.

[97] In alternative embodiments, secondary memory 758 may include other similar means
for allowing computer programs or other data or instructions to be loaded into the computer
system 750. Such means may include, for example, an external storage medium 772 and an
interface 770. Examples of external storage medium 772 may include an external hard disk
drive or an external optical drive, or an external magneto-optical drive.

[98] Other examples of secondary memory 758 may include semiconductor-based memory
such as programmable read-only memory (“PROM”), erasable programmable read-only
memory (“EPROM?”), electrically erasable read-only memory (“EEPROM?”), or flash memory
(block oriented memory similar to EEPROM). Also included are any other removable storage
units 772 and interfaces 770, which allow software and data to be transferred from the
removable storage unit 772 to the computer system 750.

[99] Computer system 750 may also include a communication interface 774. The
communication interface 774 allows software and data to be transferred between computer
system 750 and external devices (e.g. printers), networks, or information sources. For
example, computer software or executable code may be transferred to computer system 750
from a network server via communication interface 774. Examples of communication
interface 774 include a modem, a network interface card (“NIC”), a communications port, a
PCMCIA slot and card, an infrared interface, and an IEEE 1394 fire-wire, just to name a few.
[100] Communication interface 774 preferably implements industry promulgated protocol
standards, such as Ethernet IEEE 802 standards, Fiber Channel, digital subscriber line
(“DSL”), asynchronous digital subscriber line (“ADSL”), frame relay, asynchronous transfer
mode (“ATM”), integrated digital services network (“ISDN”), personal communications
services (“PCS”), transmission control protocol/Internet protocol (“TCP/IP”), serial line
Internet protocol/point to point protocol (“SLIP/PPP”), and so on, but may also implement

customized or non-standard interface protocols as well.
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[101] Software and data transferred via communication interface 774 are generally in the

form of electrical communication signals 778. These signals 778 are preferably provided to
communication interface 774 via a communication channel 776. Communication channel 776
carries signals 778 and can be implemented using a variety of wired or wireless
communication means including wire or cable, fiber optics, conventional phone line, cellular
phone link, wireless data communication link, radio frequency (RF) link, or infrared link, just
to name a few.

[102] Computer executable code (i.e., computer programs or software) is stored in the main
memory 756 and/or the secondary memory 758. Computer programs can also be received via
communication interface 774 and stored in the main memory 756 and/or the secondary
memory 758. Such computer programs, when executed, enable the computer system 750 to
perform the various functions of the present invention as previously described.

[103] In this description, the term “computer readable medium” is used to refer to any media
used to provide computer executable code (e.g., software and computer programs) to the
computer system 750. Examples of these media include main memory 756, secondary
memory 758 (including hard disk drive 760, removable storage medium 764, and external
storage medium 772), and any peripheral device communicatively coupled with
communication interface 774 (including a network information server or other network
device). These computer readable mediums are means for providing executable code,
programming instructions, and software to the computer system 750.

[104] In an embodiment that is implemented using software, the software may be stored on a
computer readable medium and loaded into computer system 750 by way of removable
storage drive 762, interface 770, or communication interface 774. In such an embodiment,
the software is loaded into the computer system 750 in the form of electrical communication
signals 778. The software, when executed by the processor 752, preferably causes the
processor 752 to perform the inventive features and functions previously described herein.
[105] Various embodiments may also be implemented primarily in hardware using, for
example, components such as application specific integrated circuits (“ASICs”), or field
programmable gate arrays (“FPGAs”). Implementation of a hardware state machine capable

of performing the functions described herein will also be apparent to those skilled in the
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relevant art. Various embodiments may also be implemented using a combination of both

hardware and software.

[106] Furthermore, those of skill in the art will appreciate that the various illustrative logical
blocks, modules, circuits, and method steps described in connection with the above described
figures and the embodiments disclosed herein can often be implemented as electronic
hardware, computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components, blocks,
modules, circuits, and steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as hardware or software depends
upon the particular application and design constraints imposed on the overall system. Skilled
persons can implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as causing a
departure from the scope of the invention. In addition, the grouping of functions within a
module, block, circuit or step is for ease of description. Specific functions or steps can be
moved from one module, block or circuit to another without departing from the invention.
[107] Moreover, the various illustrative logical blocks, modules, and methods described in
connection with the embodiments disclosed herein can be implemented or performed with a
general purpose processor, a digital signal processor (“DSP”), an ASIC, FPGA or other
programmable logic device, discrete gate or transistor logic, discrete hardware components, or
any combination thercof designed to perform the functions described herein. A general-
purpose processor can be a microprocessor, but in the alternative, the processor can be any
processor, controller, microcontroller, or state machine. A processor can also be implemented
as a combination of computing devices, for example, a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more microprocessors in conjunction
with a DSP core, or any other such configuration.

[108] Additionally, the steps of a method or algorithm described in connection with the
embodiments disclosed herein can be embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A software module can reside in
RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium

including a network storage medium. An exemplary storage medium can be coupled to the
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processor such that the processor can read information from, and write information to, the

storage medium. In the alternative, the storage medium can be integral to the processor. The
processor and the storage medium can also reside in an ASIC.

[109] The above description of the disclosed embodiments is provided to enable any person
skilled in the art to make or use the invention. Various modifications to these embodiments
will be readily apparent to those skilled in the art, and the generic principles described herein
can be applied to other embodiments without departing from the spirit or scope of the
invention. Thus, it is to be understood that the description and drawings presented herein
represent a presently preferred embodiment of the invention and are therefore representative
of the subject matter which is broadly contemplated by the present invention. It is further
understood that the scope of the present invention fully encompasses other embodiments that
may become obvious to those skilled in the art and that the scope of the present invention is

accordingly limited by nothing other than the appended claims.
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Claims

A system for selective reviewing of driving event data, comprising:

an event detector coupled with a vehicle, configured to capture and store a
driving event having a pre-event time, a trigger time and a post-event time;

an evaluation server configured to receive and store a plurality of driving
events from the event detector and provide driving events for analysis; and

an analysis station comprising a data loading module, a data indexing module,
a data control module, and a data playing module,

wherein the data loading module is configured to receive the driving event
from the evaluation server and load the driving event for review, the data indexing
module is configured to cue up the driving event at a selected cue time that is prior to
the trigger time, and to adjust the cue time within the range between the pre-event time
and the trigger time, and the data playing module is configured to play the driving

event from the cue time to the post-event time.

The system of claim 1, wherein the data control module is configured to stop the
playing of the driving event, request an adjustment of the cue time, and request the

playing of the driving event from a new cue time.

The system of claim 1, wherein the driving event comprises information collected

from inside the vehicle.

The system method of claim 1, wherein the driving event comprises information

collected from outside the vehicle.

The system of claim 1, wherein the driving event comprises information from an

internal vehicle bus about the baseline noise level of the operating vehicle.
The system of claim 1, wherein the driving event comprises video data.
The system of claim 6, wherein the video data comprises still images.

The system of claim 6, wherein the video data comprises moving images.
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The system of claim 1, wherein the driving event comprises audio data.

The system of claim 1, wherein the driving event comprises metadata.

The system of claim 1, wherein the event detector further comprises at least one event

capture device for capturing driving events.

The system of claim 11, wherein the event capture device comprises a video camera.
The system of claim 11, wherein the event capture device comprises a still camera.
The system of claim 11, wherein the event capture device comprises a microphone.

The system of claim 1, further comprising a plurality of event capture devices
communicatively coupled with the event detector and configured to capture and store
driving event data, the event detector being configured to receive captured data from

selected event capture devices on detection of a driving event.

The system of claim 15, wherein the event capture devices are selected from a group
consisting of: image capture devices, audio data capture devices, and meta data

capture devices.

The system of claim 15, wherein the event capture devices comprise at least a video

camera, an audio data capture device, and a meta data capture device.

A method for selective reviewing of driving event data, comprising:
capturing and indexing a driving event at an event detector, wherein the event
detector is coupled with a vehicle, and wherein the driving event has a trigger time;
sending the driving event from the event detector to an evaluation server;
receiving and storing a plurality of driving events at the evaluation server;
sending the driving event from the evaluation server to an analysis station;
receiving the driving event at the analysis station and loading the driving event
for review;
cueing up the driving event at a cue time set prior to the trigger time; and

playing the cued up driving event from the cue time.
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5.

The method of claim 18, further comprising adjusting the cue time within the range
between a pre-event time and the trigger time, and playing the captured event from a

new cue time.

The method of claim 18, wherein capturing and indexing a driving event comprises

capturing and indexing information collected from inside the vehicle.

The method of claim 18, wherein capturing and indexing a driving event comprises

capturing and indexing information collected from outside the vehicle.

The method of claim 18, wherein capturing and indexing a driving event comprises
capturing and indexing information collected from an internal vehicle bus about the

baseline noise level of the operating vehicle.

The method of claim 18, wherein capturing and indexing a driving event comprises

capturing and indexing still images.

The method of claim 18, wherein capturing and indexing a driving event comprises

capturing and indexing moving images.

The method of claim 18, wherein capturing and indexing a driving event comprises

capturing and indexing metadata.

The method of claim 18, wherein capturing and indexing a driving event comprises

capturing and indexing audio data.

The method of claim 18, wherein capturing and indexing a driving event comprises

capturing and indexing data from at least one event capture device.

The method of claim 27, wherein capturing and indexing a driving event comprises

capturing and indexing data from a plurality of event capture devices.
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29. The method of claim 28, wherein capturing and indexing a driving event comprises

capturing and indexing data from at least an image recording device, a microphone,

and a meta data capture device.

30.  The method of claim 18, wherein the event detector indexes the driving event with an
event trigger time, a selected pre-event start time prior to the trigger time, an event end
time, and a post-event end time at a predetermined time interval after the event end
time, and the driving event comprises pre-event data from the pre-event start time to
the trigger time, event data from the trigger time to the event end time, and post-event

data from the event end time to the post-event end time.

31.  The method of claim 30, wherein the cue time is at a selected time between the pre-

event start time and the trigger time.

32.  The method of claim 30, wherein the post-event time is a selected time between the

event end time and the post-event end time.

33. The method of claim 18, wherein capturing and indexing a driving event further

comprises the steps of:
capturing data in buffers;
detecting an event start trigger;

identifying buffered data received prior to the event start trigger as pre-event

data,

identifying buffered data received from the event start trigger until detection of

an event end trigger as event data;
detecting the event end trigger; and

identifying buffered data received after the event end trigger as post-event

data.
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34. The method of claim 33, wherein capturing and indexing a driving event further

comprises the step of:
combining the pre-event data, event data, and post-event data into a single

driving event record.
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