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METHOD FOR EVENT INITIATED VIDEO
CAPTURING AND A VIDEO CAMERA FOR
CAPTURE EVENT INITIATED VIDEO

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to systems or cameras
used in recording video sequences relating to specified
events. More particularly the invention relates to a method for
generating an event initiated video sequence and a video
camera arranged for event initiated recording of video
sequences.

BACKGROUND OF THE INVENTION

[0002] Video camera systems are widely used for capturing
video images for surveillance purposes in offices, banks, in
parking lots, on the streets, in homes etc. or for monitoring
purposes in a production line or similar. However, recordings
from such camera systems may include one single interesting
event representing a few seconds among hours of video thatis
of no particular interest at all. Hence, there are a couple of
problems with such systems. It is for instance very difficult to
find a relatively short event of interest in a very long video
recording. Moreover, the recording of all video requires a lot
of storage space. Therefore, many monitoring and surveil-
lance video cameras is arranged to detect events or be trig-
gered by an external signal indicating an event. This extra
information is in some implementations used to indicate
where in the vast video recording the events of interest are
positioned. In other implementations these events triggers the
recording of the video ofthe event. For some events the video
following after the event is of most interest, for other events
the video preceding the event is of most interest, and for yet
other events it is a combination of the above that are of most
interest. Hence a relatively small sized file or stream of video
is generated and is transmitted for remote storing in relation to
each event detection.

[0003] Moreover, a video camera may be arranged to detect
aplurality of different events resulting in an increased risk of
events detected in a video camera occurring simultaneously
and thereby resulting in two files or streams including at least
some identical video image frames and thereby using up
additional storage space or bandwidth.

[0004] In EPO0898770, an event capturing method is
described. The method discloses a video camera and a video
card capturing video images. The video images are buffered
by a processor, which makes files of a predetermined size of
the buffered images and stores these files in a working stor-
age. The files are stored in a circular fashion in the working
storage (i.e., the newest file replaces the oldest) until an event
is detected. Then the file including the event and later post-
event files are stored sequentially in the working storage.
Once the recording of a video image file containing the event
is completed, the file containing the event is renamed to
identify it as a file which contains an event (“e.g., 100400EV.
EXT”). The event capturing system then continues recording
video images until the total number of post-event files, as
defined by the user during setup, have been recorded. Each of
these event and post-event files may contain video from more
than one event. Upon completion of the recording of all
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post-event files, the event files (i.e., the renamed files) are all
tagged and identified for storage in permanent storage.

SUMMARY OF THE INVENTION

[0005] The present invention provides an improved method
and an improved camera for event initiated video capturing.
[0006] In particular, according to a first aspect of the
present invention, a method means for recording an event
initiated video sequence comprises continuously capturing
video frames, temporarily storing video frames in a video
buffer, detecting a first event, initiating, in response to the
detection of the first event, a video sequence recording ses-
sion for recording of a video sequence in a non-volatile
memory, recording in the non-volatile memory pre-event
frames of the captured video data present in the buffer. This
recording is performed in response to the detection of the first
event, recording in the non-volatile memory post-event
frames of the video data captured during a post-event time
period related to the first event. The post-event time period
starts at the detection of the first event, ranging a number of
post-event frames and starts a first event delay time period in
response to the expiration of the post-event time period of the
first event. A second event is detected after expiration of the
post-event time period of the first event and before expiration
of'the first event delay time period. In response to detection of
the second event, recording in the non-volatile memory
frames from the video buffer representing a time period starts
atthe expiration of the post-event time period of the first event
and ends at the detection of the second event. Recording in the
non-volatile memory frames of the video data is captured
during a post-event time period related to the second event,
the post-event time period starting at the detection of the
second event and ranging a number of post-event frames. If a
delay period expires and no other event process is in progress,
the video sequence recording session is closed. An event
process includes recording pre-event frames, recording post-
event frames, and an event delay time period, and the delay
period is a period counted from the expiration of a post-event
time period.

[0007] By introducing an event delay timer and making this
timer control the closing of the recording session, it becomes
possible to effectively store event initiated video sequences
because this procedure enables the camera to record different
events without recording duplicate video frames, even when
the event requires recording of pre-event video frames, (i.e.,
video frames representing the scenery of a time period pre-
ceding the detection of the event).

[0008] According to one embodiment, the size of the video
buffer substantially corresponds to a maximal number of
pre-event frames. As such, the size of the memory in which
the buffer resides may be small. Thereby, the cost and the
overall size of the camera may be reduced.

[0009] According to another embodiment, the predeter-
mined number of pre-event frames is defined by at least two
parameters, wherein the first parameter is an arbitrary value
defining the desired amount of video preceding the event, and
the second parameter is a latency period corresponding to the
time difference between an occurrence of an event and a
detection of the same event. By considering the latency of the
detection process, as well as the time period the event is
required to record, the size of the pre-event recordings may be
made very accurate and thereby the size of the required buffer
memory may be determined more exactly.
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[0010] According to yet another embodiment, the video
buffer is of First In First Out (FIFO) type.

[0011] In one embodiment, the act of initiating a video
sequence recording session comprises the act of setting up a
file in the non-volatile memory to include the recorded video
session wherein the act of closing the video sequence record-
ing session includes the act of closing the file.

[0012] Inanother embodiment, the acts of capturing video
frames, temporarily storing video frames in a video buffer,
detecting a first event, initiating a video sequence recording
session, recording pre-event frames of the first event, record-
ing post-event frames of the first event, detecting a second
event, recording pre-event frames of the second event, record-
ing post-event frames of the second event, and closing the
video sequence recording session all are performed at a cam-
era.

[0013] According to one embodiment, the non-volatile
memory is arranged in a camera.

[0014] According to another embodiment, the buffer is
arranged in a camera and the non-volatile memory is arranged
in a device connecting to the camera via a network, wherein
the act of initiating a video sequence recording session
includes the act of setting up a video stream over the network
and a file in the non-volatile memory to transfer the video
stream over the network and store the recorded video session
in the file, and wherein the act of closing the video sequence
recording session comprises the act of closing the file and the
video stream. By applying the method in a system recording
over a network, the method is further advantageous in that it
saves bandwidth.

[0015] According to yet another embodiment a detected
event may be of any event type of a plurality of event types,
wherein the method further comprises indicating the event
type of any detected event and retrieving values specifying
the predetermined number of pre-event frames the predeter-
mined number of post-event frames of the indicated event
type.

[0016] According to a second aspect of the invention, a
video camera arranged for event initiated capturing of video
sequences includes an image sensor arranged to continuously
capture video frames, a video buffer arrange to temporarily
store video frames, an event detector, a video sequence
recording session initiator arranged to initiate, in response to
adetection of an event, a video sequence recording session for
recording of a video sequence in a non-volatile memory, and
a pre-event recorder arranged to record in the non-volatile
memory a number of pre-event frames of the captured video
data present in the buffer. The pre-event recorder is further
arranged to perform the recording in response to the detection
of'the first event. The video camera also includes a post-event
recorder arranged to record, in the non-volatile memory, post-
event frames of the video data captured during a post-event
time period related to the detected event. The post-event time
period starts at the detection of the event and ranges a prede-
termined number of post-event frames. An event delay timer
times an event delay time period starting at a point in time of
an expiration of a post-event time period. A video sequence
recording session closer closes the video sequence recording
session if a delay period expires and no other event process is
in progress. An event process includes recording pre-event
frames, recording post-event frames, and an event delay time
period.

[0017] According to one embodiment of the second aspect,
the size of the video buffer substantially corresponds to a
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maximal number of pre-event frames. As such, the size of the
memory in which the buffer resides may be small. Thereby,
the cost and the overall size of the camera may be reduced.
[0018] According to another embodiment the number of
pre-event frames is defined by at least two parameters,
wherein the first parameter is an arbitrary value defining the
desired amount of video preceding the event and the second
parameter is a latency period corresponding to the time dif-
ference between an occurrence of an event and a detection of
the same event. By considering the latency of the detection
process as well as the time period the event is required to
record, the size of the pre-event recordings may be made very
accurate. Thereby, the size of the required buffer memory
may be determined more exactly.

[0019] According to yet another embodiment, the video
buffer is a FIFO type.

[0020] Inanother embodiment, the video sequence record-
ing session initiator is further arranged to set up a file in the
non-volatile memory to include the recorded video session,
wherein the video sequence recording session closer is fur-
ther arranged to close the file.

[0021] A further scope of applicability ofthe present inven-
tion will become apparent from the detailed description given
below. However, it should be understood that the detailed
description and specific examples, while indicating preferred
embodiments of the invention, are given by way ofillustration
only, since various changes and modifications within the
spirit and scope of the invention will become apparent to
those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Other features and advantages of the present inven-
tion will become apparent from the following detailed
description of embodiments, with reference to the accompa-
nying drawings, in which:

[0023] FIG. 1 is a schematic view of one embodiment of a
video camera according to the invention;

[0024] FIG. 2 is a schematic view of another embodiment
of'a video camera according to the invention;

[0025] FIG. 3 shows an example structure of an event ini-
tiated video sequence;

[0026] FIG. 4 shows a flowchart over a general process of
capturing and buffering a video image sequence;

[0027] FIG. 5a-b show a flowchart over a method recording
an event initiated video sequence according to one embodi-
ment of the invention;

[0028] FIG. 6a-b show a flowchart over a method recording
an event initiated video sequence according to another
embodiment of the invention; and

[0029] FIG. 7a-c show aflowchart over a method recording
an event initiated video sequence according to yet another
embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] Below a detailed description of embodiments is dis-
closed referring to the drawings in which like numerals indi-
cates the same or similar features.

[0031] In FIG. 1, a video camera 10 implementing one
embodiment of the present invention is shown. The video
camera 10 includes an image sensor 12, an image processing
unit 14, a processing unit 16, an event detector 18, a pre-event
recorder 20, a post-event recorder 22, a video sequence
recording session processor 24, an event delay timer 26, a
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buffer 28 arranged in a volatile memory 30, and a non-volatile
memory 32. The video camera 10 may also include, as
depicted in FIG. 1, an Input/Output interface 34 (I/O-inter-
face) for receiving signals indicating external events, and a
network interface 36 connecting the camera to a network 38
for communication with video servers, video clients, control
devices, display devices, storage devices etc. The I/O-inter-
face 34 is not necessarily an 1/O interface, as many applica-
tions only need an input interface arranged to receive signals.

[0032] The image sensor 12 is arranged to capture image
data and the image processing unit 14 is arranged to process
the image data from the image sensor 12. The image sensor 12
and the image processing unit 14 may correspond to known
image sensors and known image processing units of available
video cameras in which the image processing unit 14 are
intended to include known means and devices necessary for
outputting a compressed digital stream of video frames.
According to one embodiment, the processing unit 16 is also
arranged to produce image frames including raw-data.

[0033] The processing unit 16 may be a single processing
unit or a plurality of processing units arranged to control
functions of the camera, e.g., one processor may be arranged
to run code implementing particular functionality.

[0034] The event detector 18 of this embodiment is
designed to check input signals for changes and to determine
if the changes correspond to any predetermined events. When
such changes to an input signal are determined to correspond
to a predetermined event, the event detector indicates that an
event is detected. The indication of a detected event may,
according to one embodiment, include information identify-
ing the type of event detected. The event detector 18 is
arranged to provide the signal indicating a detected event to
the processing unit 16. The event detector 18 may be arranged
to detect event by analyzing images from the image process-
ing unit 14. Examples of such analysis may be motion detec-
tion analysis, crossing a line analysis, facial recognition, tam-
pering, etc. Alternatively, or in addition, the event detector 18
may be arranged to receive an event signal from an external
device via the I/O-interface 34. Such event signals may, for
instance, be generated by an external IR-detector, a revolution
counter, a temperature sensor, a pressure sensor, an audio
sensor, a push-button, a sensor means measuring voltage,
means measuring current, means measuring power, means
measuring network activity, etc. In some applications, one or
a plurality of sensors normally arranged externally to the
video camera may be embedded in the video camera or at
least arranged in the same housing as the video camera. The
event detector 18 may also keep an event signal active for as
long as the event is in progress (e.g., as long as movement is
detected) or as long as the temperature is above a specific
level, etc.

[0035] The pre-event recorder 20 is arranged to record a
video sequence preceding a detected event and being of a
predetermined length in a non-volatile memory 32. The pre-
event video sequence is retrieved from the buffer 28 in the
volatile memory. The pre-event recorder 20 may be arranged
to record the entire length of the pre-event video sequence at
once or record every frame to be included as it exits the buffer
due to a new video frame entering the buffer 28. One reason
for recording video from a point in time preceding the event
is that actions, occurrences, or incidents happening before the
event may be very important in order to correctly interpret the
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event. The length of the pre-event recording depends on the
action detected and the purpose of the monitoring of such
events.

[0036] The post-event recorder 22 is arranged to record
video being registered by the video camera 10 after the detec-
tion of the event for a predetermined time or for as long as an
eventis in progress, e.g., as long as movement is detected. The
post-event time period may be defined as a predetermined
number of post-event video frames. The post-event recorder
22 may be arranged to retrieve the video frames for recording
directly from an output of the image processing unit 14 and to
record the retrieved video frames in the non-volatile memory
32. According to another embodiment, the post-event
recorder 22 may be arranged to record each video frame of the
post-event interval when they are leaving the buffer 28 when
becoming old. Thereby the post-event recorder 22 performs a
delayed recording of a video frame captured by the sensor a
delay time period before the recording, where the delay time
period corresponds to the size of the buffer.

[0037] The video sequence recording session processor 24
includes a video sequence recording session initiator 40 and a
video sequence recording session closer 42. The video
sequence recording session processor 24 is arranged to con-
trol a video recording session of'a continuous video sequence.
A video session is started by the video sequence recording
session initiator 40 in response to the pre-event recorder 20
requesting recording of a pre-event and is ended by the video
sequence recording session closer 42 in accordance with a
scheme being based on signals from the delay timer 26, the
pre-event recorder 20, and the post-event recorder 22. The
scheme may be executed by the processing unit 16.

[0038] In the embodiment of FIG. 1, the video sequence
recording session initiator 40 may be arranged to setup the
non-volatile memory 32 to start storing a continuous video
sequence, and the video sequence recording session closer 42
may be arranged to end the storing of the continuous video
sequence. For example, the recording session may be seen as
the period during which 35 consecutive frames, in view of
time, are stored. The setup performed by the video sequence
recording session initiator 40 may include opening or initiat-
ing a file in a file system of the non-volatile memory 32, or it
may include storing video initiation data, e.g., a marker, for
identifying the start of the continuous video sequence in the
non-volatile memory 32. Other setup schemes are also pos-
sible but are not expressly disclosed herein. The ending of the
storing of a continuous video sequence may include closing
the file opened or initiated by the video sequence recording
session initiator 40, or it may include storing video ending
data for identifying the end of the continuous video sequence.
Other ending schemes are also possible but are not expressly
disclosed herein.

[0039] The event delay timer 26 is a timer that is triggered
when the post-event recorder 22 has recorded all the frames
required for the presently handled event. The processing unit
16 considers the state of the event delay timer 26 (e.g., if ithas
expired or if it is running) when deciding on whether the
video sequence recording session is to be closed. The delay
value of the timer 26 is, according to one embodiment, pre-
determined to a value corresponding to the length of the
pre-event recording. In case of a plurality of different event
types recognized by the camera 10, the delay value is set to
correspond to the longest pre-event recording lengths of all of
the different event types recognized.
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[0040] The buffer 28 is arranged in the volatile memory 30
to temporarily store sequential video frames for the purpose
of enabling retrieval of previously captured video frames, if
necessary. The buffer is therefore implemented as a First In
First Out buffer, FIFO-buffer (i.e., a queue).

[0041] According to one embodiment, the length of the
buffer is at least the same length as the longest pre-event video
frame sequence defined for any event type to be detected by
the camera. According to another embodiment the buffer is
substantially identical to the longest pre-event video frame
sequence defined for any event type to be detected by the
camera.

[0042] The volatile memory 30 is arranged to include the
buffer 28 described above and function as temporary storage
for the processing unit when operating the camera. The vola-
tile memory may for instance be a Random Access Memory
(RAM), (e.g., a Static RAM (SRAM) or a Dynamic RAM
(DRAM)).

[0043] The non-volatile memory 32 is arranged for long
term storage of potentially interesting video sequences and
other data that is required or desired to be accessible even
after a power failure or after the video camera has not been
provided with power during a substantial time period. Hence,
the non-volatile memory 32 is a memory that can retain the
stored information even when not powered. In this particular
embodiment, the non-volatile memory 32 is a rewriteable,
non-volatile memory (i.e., a memory that is possible to write
and rewrite information to and which still retains stored infor-
mation when not powered). Examples of such memories
include Hard Disk Drives (HDD) having rotating disks, Solid
State Drives (SSD), PROM, EPROM, EEPROM, and Flash
memory. However, the non-volatile memory 32 may also be a
non-rewriteable memory, e.g. CD-ROMS, tapes, etching, etc.

[0044] A non-volatile memory 32 may be embedded within
the housing of the video camera 10 or connected to the camera
via an external interface. The external interface is used in
order to allow simple exchange of non-volatile memory 32
and may be a simple connector or arranged in a memory
connection slot 44 receiving the non-volatile memory 32. In
one embodiment, implementing a memory connection slot
44, the non-volatile memory 32 used may be a CompactFlash
(CF), Secure Digital card (SD card), a Memory Stick, etc.

[0045] The network interface 36 may be any known net-
work interface enabling the video camera to connect to the
network 38 (e.g., a Local Area Network (LAN), a Wide Area
Network (WAN), the Internet, etc.).

[0046] Any one of, any combination of, or all of the event
detector 18, the pre-event recorder 20, the post-event recorder
22, the video sequence recording session unit 24, the event
delay timer 26, and the image processing unit 14 may be
implemented in software being processed by the processing
unit 16 or may be implemented in hardware.

[0047] According to another embodiment, see FIG. 2, the
video camera 10 includes substantially the same features and
means as the video camera 10 of FIG. 1. The difference
between the embodiment of FIG. 2 and the embodiment of
FIG. 1 is that the video sequence recording session processor
24 is arranged to initiate a recording at a storage device 50, 52,
54, 56 connected to the video camera 10 via the network 38.
The storage device 50, 52, 54, 56 may, for example, be a
server 50, a data base 52, a networked hard drive 54 or solid
state drive 54, or a computer 56. Accordingly, the pre-event
recorder 20 and the post-event recorder 22 are recording and
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communicating with a non-volatile memory at the storage
device 50, 52, 54, 56 via the network interface 36 and the
network 38.

[0048] The camera 10 may be arranged to detect only one
type of event type or to detect a plurality of event types. An
event type is to be understood as an event detected by means
of a particular detection scheme (e.g., motion detection and
temperature detection may be two different event types and a
particular combination of detected motion and a particular
temperature may be another event). Each event type is related
to event type parameters, such as a number of pre-event
frames #PrEF and number of post-event frames #PoEF for
example.

[0049] According to one embodiment, each parameter indi-
cating number of pre-event frames #PrEF may be based on a
predefined or user defined value indicating the number of
video frames representing a time period of interest before the
occurrence of the event in real life and on a value indicating
the number of frames representing latency when detecting the
particular event. The latency represents the time it takes from
the occurrence of the event until the event detector provide an
event detection signal (i.e., the time period from the occur-
rence of the event to the detection of the event).

[0050] According to another embodiment, each parameter
indicating #PrEF may be based on a value indicating the
number of video frames representing a predetermined time
period of interest before the occurrence of the event in real life
and on a dynamic value indicating the number of frames
representing latency when detecting the particular event. The
latency is the actual time, measured by the system, it takes
from the occurrence of the event until the event detector 18
provides an event detection signal (i.e., the time period from
the occurrence of the event to the detection of the event).

[0051] Now referring to FIG. 3, the structure of a recorded
event video sequence 100 representing a video of a single
event may include a sequence of video frames 100; the num-
ber of frames presented in FIG. 3 is only selected in order to
facilitate understanding of the structure of the video event
sequence. The sequence of video frames 100 includes pre-
event video frames 102, which are video image frames cap-
tured before a point in time t,,, and post-event video frames
104 captured after the point in time t,, where t_, represents
the detection of the event triggering the capturing of the event
video sequence. The video frames A represent the time period
of interest before the occurrence of the event, and the video
frames B represent the latency from occurrence of event to
detection of event.

[0052] According to one embodiment, the buffer size 28 is
equal to the largest number of pre-event frames MaxPrEF of
the all the event types in the camera. According to another
embodiment, the buffer size 28 is at least equal to the largest
number of pre-event frames of the all the event types in the
camera.

[0053] By considering the latency of the event detection, as
well as the time period of interest when determining the
number of frames the event is required to record, it is possible
to more accurately determine the minimal length of a pre-
event time period. Thereby, it becomes possible to optimize
the size of the buffer and the utilization of the volatile
memory.

[0054] A method according to one embodiment for captur-
ing and recording video sequences relating to an event is
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depicted by the flow charts of FIG. 4 and FIGS. 54-5b. In FIG.
4, the general concept of capturing and buffering a video
image sequence is illustrated.

[0055] The video camera 10 is directed for capturing video
sequences of a scene. The image sensor 12 of the video
camera 10 registers image data, step 400. The procedure and
the way in which registration of image data in an image sensor
is performed may vary depending on the type of image sensor
12.

[0056] The registered image data is then processed, step
402, by image processing means in order to generate a video
image frame adapted to be positioned in the produced video
sequence. The processing of image data may for instance
include compression, white balancing, sharpening, adjust-
ment of contrast, Bayer Interpolation, cropping, noise cance-
lation, etc.

[0057] The video image frame is then inserted as the last
video image frame in the buffer 28, step 404.

[0058] The process of event controlled recording of video
sequences is running parallel with the capturing of video
image frames and may be based on following process. The
process is arranged to listening for a signal indicating the
detection of an event of interest, step 502 and 504. The pro-
cess continues to listen until an event signal is detected.
[0059] When an event signal is detected a video sequence
recording session is initiated, step 506, and a number of video
frames is retrieved from the buffer 28, step 508. The number
of' video frames retrieved from the buffer corresponds to the
number of pre-event video frames #PrEF the detected event
requires. The number of pre-event video frames is, as dis-
cussed above, a value accessible by the processing unit 16.
The value may be stored as a parameter of the event. The
frames retrieved are, in one embodiment, a video frame
sequence being of a length corresponding the number of
pre-event video frames required and starting at the last video
frame written to the buffer 28. This retrieved video sequence
is then recorded in the non-volatile memory at step 510, in
accordance with the initiated recording session. In connec-
tion with the event detection, an end of post-event time limit,
teops OF @ nUMber of post-event frames limit, is set at step 512.
It 1s not relevant if the limit is set in number of frames oras a
time, so long as a distinct endpoint for post-event frames is
provided. Some event types may not have a definite endpoint,
in which case post-event frames are recorded as long as the
eventis in progress (e.g., as long as movement is present). The
post-event time limit, t,_,, or another variable may indicate if
this is the case.

[0060] The next video image frame, i.e., the video image
frame outputted from the image processing unit 14 following
the latest image frame for recording as pre-event image
frames, is retrieved, step 514, and recorded in the non-volatile
memory 32, step 516. The steps of retrieving the next image
captured and recording the retrieved image, steps 514 and
516, is then repeated until the predetermined number of post-
event video frames has been recorded or, if described using
time, until the time limit t,,,, for the post-event sequence has
expired, step 518. If the event is a type not having a definite
endpoint the step 518 may be designed to repeat until the
event no longer is in progress.

[0061] If a new event is detected, step 520, during the
recording of the post-event video frames, the present post-
event sequence time limit t,,, is reviewed, step 522, by com-
paring it with a post-event sequence time limit t',,, resulting
from the new detected event. If the post-event sequence time
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limit t',,, resulting from the new event expires later than the
present post-event sequence time limit t,,,, the present post-
event sequence time limit t,,, is replaced with the post-event
sequence time limitt',, , resulting from the new event. On the
other hand, if the present post-event sequence time limit t,,,
still expires later than the new event time limitt',, , then the
present post-event sequence time limit t,,, is kept.

[0062] When the post-event sequence time limit t,,, has
expired and no more event video recordings are in progress,
an event delay timer T, is started, step 524. Now referring to
FIG. 5b, as long as the event delay timer T, has not expired
the process is arranged to listen for an event detection signal,
step 526, and decrement the event delay timer 26, step 528.
During the running of the event delay timer 26, video image
frames are written to the buffer 28. The event delay timer 26
has a length substantially equal to the largest predetermined
number of pre-event frames related to the event type param-
eters of the video camera 10. If the video camera 10 is
arranged to only detect one event type, then the predeter-
mined number of pre-event frames of that event type repre-
sent the largest predetermined number of pre-event frames in
the video camera 10.

[0063] Ifno event is detected, step 530, and the event delay
timer 26 has not expired, step 532, then the process performs
the steps of listening for an event detection signal and decre-
menting the event delay timer 26.

[0064] Ifno event is detected, step 530, and the event delay
timer 26 has expired, step 532, then the process is arranged to
close the video sequence recording session, step 534. Video
image frames are still being written to the buffer 28. Then the
process returns to steps 502 and 504 listening for an event
signal.

[0065] If an event is detected, step 530, then it is detected
before the expiration of the event delay timer 26 and thereby
there is a chance that the pre-event video frames required by
the detected event is temporally overlapped by the post-event
video frames of the previous event recording. In the present
embodiment, the process then retrieves from the video buffer
28, in response to detecting an event during the running of the
event delay timer 26, all video frames buffered since the
recording of post-event video frames ended, step 536, and
records them in the present video sequence recording session,
step 538. In other words, the process adds the video frames
captured between the point in time when recording of previ-
ous event video was ended, i.e., after step 518, and the detec-
tion of the new event, step 530. Thereby a continuous video
sequence including event video relating to more than one
event is created and video from two different events is
recorded without storing duplicate video frames.

[0066] Moreover, a post-event video frame recording iden-
tical to the post-event video frame recording for an event
requiring a new video sequence recording session as
described above may be used. Hence the process returns to
setting the end of post-event time limit, t,,,, or setting the
number of post-event frames, step 512, for the new event.
[0067] One advantage of the above method is that it is
possible to use a small amount of volatile memory 30 for
on-the-fly recording of video sequences related to events
without excessive use of non-volatile memory 32. For
example, only the video data of interest is recorded in non-
volatile memory 32, thereby also making the non-volatile
memory 32 last longer as many non-volatile memories has a
limited number of possible write cycles for each memory cell.
Another, advantage of this particular embodiment is that
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video frames of interest are recorded in non-volatile memory
32 as soon as they are available or as soon as the video camera
10 detects an event. This results from the fact that the video
image frames are retrieved and recorded as soon they are
available, i.e. directly from the output ofthe image processing
device, and that pre-event video frames are retrieved and
recorded directly from the buffer 28 without waiting for each
of them to pass through.

[0068] According to another embodiment, see FIGS.
6a-6b, the method corresponds to the method above with the
exception that multiple video frames are not retrieved from
the buffer at a time. The capturing of image data and gener-
ating video image frames described in FIG. 4 may also be
applicable in this embodiment. In this method, the video
frames from the image sensor 12 all are passing through the
buffer 28 before recording. The buffer 28 is a FIFO buffer and
the decision relating to recording image frames relay on a
decision of whether the video frame outputted from the buffer
28 is to be recorded in the non-volatile memory 32 or not.
[0069] The process of event controlled recording of video
sequences is running parallel with the capturing of video
image frames and may be based on the following process. The
process is arranged to listening for a signal indicating the
detection of an event of interest, step 602 and 604. The pro-
cess continues to listen until an event signal is detected.
[0070] When an event signal is detected, a video sequence
recording session is initiated, step 506. Then the video image
frame positioned at a position in the buffer 28 being the
predetermined number of pre-event frames #PrEF from the
last video frame inserted in the buffer is marked as a start
recording frame, SR, step 608, i.c. the frame buffered #PrEF
before the event detection is marked as a SR frame.

[0071] A post frame counter T, is set to the value of the
predetermined number of post-event frames #PoEF and a
count indicator is set to TRUE, step 610, in order to keep track
of'the video image frame that are to be the last of this particu-
lar event. The count indicator indicates, when TRUE, that the
last video image frame of'the post-event sequence has not yet
been captured and inserted into the buffer 28. When the count
indicator is FALSE, the last video image frame of the post-
event image frames is present in the buffer 28. Now when the
first video image of the event has been inserted in the buffer 28
and the earliest pre-event frame has been marked, the process
waits for next video image frame to be inserted in the buffer
28, step 612.

[0072] When the next video image frame is inserted, the
process checks if the count indicator is TRUE or FALSE, step
614. If the count indicator is FALSE, i.e. the last video frame
of'the post-event frames has been inserted in the buffer 28 and
the post frame counter is not supposed to count any more, then
the process skips all steps relating to finding the last post-
event frame and proceeds directly to step 624. If the count
indicator on the other hand is TRUE, then the process still
looks for the last post-event frame, and the post frame counter
T, /is decreased, step 616. The post frame counter T, -may be
decreased by the value of one or any other value, as long as the
counting of frames leads to finding of the last post-event
frame.

[0073] The value of the counter is checked, step 618, in
order to find out if it has reached a count indicating that the
image video frame newly inserted in the buffer is the last
post-event frame. According to one embodiment, this is indi-
cated by the counter when it has reached zero. If the last
post-event frame has not been inserted in the buffer and the
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post then the process continues to step 624. However, if the
last post-event frame has been inserted in the buffer, e.g. the
counter T, has reached zero, then the latest video image
frame inserted in the buffer is marked as being the last session
frame, step 620, and the count indicator is set to FALSE, step
622, and the process continues to step 624.

[0074] Instep 624, the process checks if the start recording
(SR) frame has reached the end of the buffer and is leaving the
buffer, or if the SR frame has left the buffer earlier. If the SR
frame is leaving or has left the buffer, the video image frame
leaving the buffer is recorded in non-volatile memory 32, step
626. Then the process proceeds to step 628 for listening for an
event detection signal.

[0075] If the SR frame is not leaving or has not left the
buffer, then the process proceeds to step 628 for listening for
an event detection signal.

[0076] If an event detection signal is detected, step 630, at
this stage of the process it means that pre-event image frames
or post-event image frames of a previously detected event are
advancing through the buffer to be recorded in the non-vola-
tile memory 32. Because the length of the buffer corresponds
substantially to the maximal number of pre-event frames of a
single event, an event that is detected during this time period
is likely to have video image frames overlapping or being
very close in time to the image frames of the previously
detected event. Accordingly, these video frames should be
recorded in the same recording session in order not to create
an excess of data or writing cycles. In order to achieve this, the
marking of a last session frame is deleted, if such frame has
been marked yet, step 632. Then the post frame counter T, is
set to a value corresponding to the number of post-event
frames of the new event and the count indicator is set to
TRUE, step 634. Thereby the process will find a new last
session frame, which is related to the new event, and the
process continues recording the frames exiting the buffer 28
in non-volatile memory 32. When these procedures are fin-
ished, the process continues to step 636.

[0077] Ifno event is detected in step 630, then the process
continues to step 636 in which the process checks if the frame
marked as the last session frame is leaving the buffer 28.
[0078] If the frame marked as the last session frame is
recorded and, thus, is leaving the buffer 28, then the recording
session is closed and the process returns to step 602 waiting
for detection of anew event. Otherwise, if no frame marked as
last session frame is found leaving the buffer 28, then the
process returns to step 612 waiting for the next video frame to
be buffered.

[0079] In this embodiment, the buffer 28 itself acts as a
delay channel or a timing buffer in order to make sure that the
recording session is not closed until it is certain that no over-
lapping pre-event frames may be the result of a detection of a
new event.

[0080] It is possible to add an override functionality relat-
ing to the marking of the last session frame in cases of events
not having a definite endpoint, as described in the embodi-
ment depicted in FIGS. 5a-b. This override should enable
recording of post frames as long as such event is active and
stop recording post frames if such event is no longer active
and no post frame counter is counting for an event having a
fixed number of post-event frames.

[0081] In the above embodiments of the method, it is
described that if a new event is detected when event frames
from previous event are still captured, then the time for end of
the post-event sequence or the number of frames left until the
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last session frame is captured changes in order to record both
events in the same recording session. Further, if the new event
is detected after the time for end of the post-event sequence
has expired, or after the last session frame has been captured,
and the time between the expiration or the capture of the last
session frame and the first pre-event frame requested by the
new event are overlapping, then the process is arranged to
record the video image frames of the new event in the same
session and to continue adding video image frames to the
sequence of the previous event. However, there is a case when
the number of pre-event image frames requested by the new
event is smaller than the maximum number of pre-event
image frames defined in the system and the temporal distance
between the detection of the new event and the last frame of
the earlier event is greater than the time corresponding to the
number of pre-event image frames requested by the new
event. Hence, the buffer will include video image frames not
requested by any event. This situation may be handled in a
couple of ways. One way to handle it is to determine that all
new events detected within the time corresponding to the
maximum number of pre-event image frames is incorporated
in the earlier session even if video image frames not requested
will be recorded. Another way to handle it is to check when
the new event is detected if the buffer includes video image
frames not requested by any event. If video image frames not
requested are found, the previous recording session is ended
at the last video image frame of the earlier event and a new
recording session is started for the new event.

[0082] According to yet another embodiment as shown in
FIGS. 7a-7¢, the process of handling events is started, the
buffer and an event list is initiated, and a variable “Currently
Recording” is set to FALSE, step 702. The event list may be
a self-balancing binary search three, e.g., AA tree, AVL tree,
Red-15 black tree, Scapegoat tree, Splay tree, Treap, etc. The
evident advantage of using such a structure for this particular
list is that adding and sorting new elements will be fast.
[0083] Then the process waits for an event to be detected or
a new frame to be captured, step 704.

[0084] If an event is detected, the process calculates a start
frame number, and an end frame number for the event, step
706, using the parameters of the detected event. These param-
eters may be, as previously described, the number of pre-
event frames, the number of post-event frames, and latency,
where the start frame number and the end frame number are
values identifying these particular frames. The detection of an
event, step 706, may also trigger sending of some kind of
alarm, indication or the like. A new element may then be
added to the event list, step 708. The element includes at least
the start frame number and the end frame number and the list
is, in this particular embodiment, sorted on start frame num-
ber, in order to increase the search speed. When the event has
been added, the process returns to step 704 and waits for a
new event or a new frame.

[0085] If, in step 704, a new frame is detected the process
proceeds to step 710, and sets a variable “Old Frame Number”
to the frame number of the frame that is to exit the buffer in
response to the new frame being inserted. This Old Frame
Number variable is used to determine if the process is to start
recording or end recording and may be set to a specific value
if buffer is not full, (e.g., a negative value). Then the process
checks if the buffer is full, step 712. If the buffer is not full, the
process proceeds to step 714 inserting the frame into the
buffer 28 and proceeds with the steps of the process following
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step 714. If the buffer 28 is full, then the process checks if the
event list is empty, step 716. If the event list is empty, the
process continues to step 718.

[0086] However, if the event list is not empty, the start
frame number of the first element in the sorted event list or the
element with the lowest start frame number in a non-sorted
event list is retrieved, step 720. If this start frame number is
not equal to and not less than the variable Old Frame Number,
then the frames corresponding to the start frame number have
not reached the end of the buffer, and the process proceeds to
step 718 to process this situation. If, on the other hand, the
start frame number is equal to or less than variable Old Frame
Number, then the process continues to check if a session is
currently recorded. This is performed by means of checking if
the variable Currently Recording is TRUE or FALSE in step
724. If FALSE, the process initiates the recording session and
sets the Currently Recording variable to TRUE, step 726, and
then the process records the “old” frame, (i.e., the frame
exiting the buffer), step 728. If the check at step 724 discovers
that the process is currently recording in a recording session,
then the process goes directly to recording the “old” frame,
step 728. When the frame has been recorded, the process
proceeds to step 714 and inserts frame in buffer.

[0087] The check 718 relating to whether the process is
currently recording or not is performed at step 718. This
particular check is performed in response to the event list
being empty, step 716, or in response to the start frame num-
ber not being equal to or less than the variable Old Frame
Number, step 722, and is performed in order to determine
whether a recording session is to be ended or not. If the
variable Currently Recording is FALSE in step 718, then
there is no recording session to end, and the process inserts the
frame in the buffer, step 714. Ifthe variable Currently Record-
ing is TRUE in step 718, then the process ends the ongoing
recording session and sets the variable named currently
recording to FALSE, step 730. Then the process inserts the
frame in the buffer, step 714. After the insertion of the frame
in the buffer, a check is performed in the event list, step 732.
If the event list is empty, the process returns to step 704
waiting for a new frame or anew event. Otherwise, if the event
list is not empty, the process retrieves the end frame number
of the first element in the sorted event list or of the element
with the lowest start frame number in a non-sorted event list,
step 734, and checks if the end frame number is less than or
equal to the value of the variable Old Frame Number. If the
end frame number is less than or equal to the value of the
variable Old Frame Number, then the first element of the
event list is obsolete and is therefore deleted, step 738. Then
the process returns to checking if the event list is empty, step
732, in order to check if additional events may be deleted.
However, if the end frame number is not less than and not
equal to the value of the variable Old Frame Number, step
736, then the first element of the event list is still relevant, and
the process returns to step 704 waiting for a new event or a
new frame.

[0088] This process, described referring to FIGS. 7a-c,
may also implement events not having a definite endpoint.
The only difference in such implementation is that the record-
ing session is not allowed to end as long as such event not
having a definite end point is in progress. This may be indi-
cated by setting the end frame number of the event to a special
value, e.g. a negative value. When the end of such an event is
detected, the end frame number is set. Thereby, the process
may record post-event relating to events having a predeter-
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mined post-event length and events that are to be recorded for
the entire time the event is indicated as active.

[0089] Yet another embodiment may include the function-
ality of the embodiment described in FIGS. 7a-c, except for
the use of the variable Currently Recording and the function-
ality of steps 724, 726, 718, and 730. The operation of such a
process is identical to the operation as described in relation to
FIGS. 7a-c above except that no recording sessions are initi-
ated or ended.

[0090] All the processes described above, referring to
FIGS. 4, 5a-b, 6a-b and 7a-c, may be implemented in a video
camera. The skilled person realizes that the implementation
may be in the form of software or by means of logic circuits.

What is claimed is:

1. Method for recording an event initiated video sequence,
the method comprising:

continuously capturing video frames;

temporarily storing video frames in a video buffer;

detecting a first event;

initiating, in response to the detection of the first event, a

video sequence recording session for recording of a
video sequence in a non-volatile memory;

recording, in response to the detection of the first event, in

the non-volatile memory, pre-event frames of the cap-
tured video data present in the buffer;
recording, in the non-volatile memory, post-event frames
of the video data captured during a post-event time
period related to the first event, the post-event time
period starting at the detection of the first event;

starting a first event delay time period in response to the
expiration of the post-event time period of the first event;

detecting a second event after expiration of the post-event
time period of the first event and before expiration of the
first event delay time period;

recording, in response to detection of the second event, in

the non-volatile memory frames, from the video buffer
representing a time period starting at the expiration of
the post-event time period of the first event and ending at
the detection of the second event;

recording, in the non-volatile memory, frames of the video

data captured during a post-event time period related to
the second event, the post-event time period starting at
the detection of the second event; and

closing the video sequence recording session if a delay

period expires and no other event process is in progress,
wherein an event process includes recording pre-event
frames, recording post-event frames, and an event delay
time period, and wherein the delay period is a period
counted from the expiration of a post-event time period.

2. Method according to claim 1, wherein the size of the
video buffer substantially corresponds to the predetermined
number of pre-event frames.

3. Method according to claim 2, wherein the number of
pre-event frames to be recorded is defined by at least two
parameters, wherein the first parameter is an arbitrary value
defining the desired amount of video preceding the event and
the second parameter is a latency period corresponding to the
time difference between an occurrence of an event and a
detection of the same event.

4. Method according to claim 1, wherein the video buffer is
a First In First Out type.

5. Method according to claim 1, wherein the initiating a
video sequence recording session comprises setting up a file
in the non-volatile memory to include the recorded video
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session and wherein the closing the video sequence recording
session comprises closing the file.

6. Method according to claim 1, wherein the capturing
video frames, the temporarily storing video frames in a video
buffer, the detecting a first event, the initiating a video
sequence recording session, the recording pre-event frames
of' the first event, the recording post-event frames of the first
event, the detecting a second event, the recording pre-event
frames of the second event, the recording post-event frames
of the second event, and the closing the video sequence
recording session, are all performed at a camera.

7. Method according to claim 1, wherein the non-volatile
memory is arranged in a camera.

8. Method according to claim 1, wherein the buffer is
arranged in a camera and the non-volatile memory is arranged
in a device connecting to the camera via a network, and
wherein the initiating a video sequence recording session
comprises setting up a video stream over the network and a
file in the non-volatile memory to transfer the video stream
over the network and storing the recorded video session in the
file, and wherein the closing the video sequence recording
session comprises the act of closing the file and the video
stream.

9. Method according to claim 1, wherein a detected event is
one event type of a plurality of event types and wherein the
method further comprises indicating the event type of any
detected event and retrieving values specifying the predeter-
mined number of pre-event frames the predetermined number
of post-event frames of the indicated event type.

10. Video camera arranged for event initiated recording of
video sequences, the video camera comprising:

an image sensor arranged to continuously capture video
frames;

a video buffer arrange to temporarily store video frames;

an event detector;

a video sequence recording session initiator arranged to
initiate, in response to a detection of an event, a video
sequence recording session for recording of a video
sequence in a non-volatile memory;

a pre-event recorder arranged to record in the non-volatile
memory a number of pre-event frames of the captured
video data present in the buffer, the pre-event recorder
further arranged to perform the recording in response to
the detection of the first event;

a post-event recorder arranged to record in the non-volatile
memory post-event frames of the video data captured
during a post-event time period related to the detected
event, the post-event time period starting at the detection
of the event and ranging a number of post-event frames;

an event delay timer arranged to time an event delay time
period starting at a point in time of an expiration of a
post-event time period; and

avideo sequence recording session closer arranged to close
the video sequence recording session if a delay period
expires and no other event process is in progress,
wherein an event process includes recording pre-event
frames, recording post-event frames, and an event delay
time period.

11.Video camera according to claim 10, wherein the size of
the video buffer substantially corresponds to a maximal num-
ber of pre-event frames.

12. Video camera according to claim 11, wherein the num-
ber of pre-event frames is defined by at least two parameters,
wherein the first parameter is an arbitrary value defining the
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desired amount of video preceding the event and the second
parameter is a latency period corresponding to the time dif-
ference between an occurrence of an event and a detection of
the same event.

13. Video camera according to claim 10, wherein the video
buffer is a First In First Out type.
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14.Video camera according to claim 10, wherein the video
sequence recording session initiator is further arranged to set
up a file in the non-volatile memory to include the recorded
video session and wherein the video sequence recording ses-
sion closer is further arranged to close the file.
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