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(57) ABSTRACT 

A method stores a plurality of sequentially ordered data 
samples in a plurality of sequential storage segments such 
that one of the plurality of sequentially ordered data samples 
is stored at one of the plurality of sequential storage seg 
ments Which is non-sequential to another of the plurality of 
sequential storage segments in Which an immediately pre 
ceding one of the plurality of sequentially ordered data 
samples is stored. Another one of the stored plurality of 
sequentially ordered data samples, other than a ?rst ordered 
one of the plurality of sequentially ordered data samples, is 
overwritten With a further data sample, the further data 
sample being immediately sequential to a last ordered one of 
the plurality of sequentially ordered data samples. 

3 Claims, 7 Drawing Sheets 

‘1 
AC Power ——J 



U.S. Patent Mar. 14, 2006 Sheet 1 0f 7 US 7,012,632 B2 



U.S. Patent Mar. 14, 2006 Sheet 2 0f 7 US 7,012,632 B2 

10 

12 

14 

gig 
16 17 

Fig. 2a 

l ------------------------------ --| 

l | 
I I 

{so 64 i 
i ezi ; S .r : 
l | - . i upport | _______ __ : : DRAM {6 ROM Electronics 55-: 
.58 ““' A 66 5O|:4s 44 l 
i‘ ‘ .__L__. 55 l I ‘h _ | 

I I ‘ /- l I _ I _ 

: I DRAM ,<-——>| UP <——-—{ AID v-—'—:—|—-L<-d_|_. /"I"_"_—.\ l 0 I ~ ' 

: ‘ ‘ ‘ ‘ F l | ' - : 
I g 54 48 II I 
____________ _- - ...--.-____---___---__ L_____._____._. 

l 
’_\ ' \ Serial 

"1‘: Cut 
58 Sensor I 70’ '__'_“' 12 

@101» \StLIL/J. 
/’_\- 4'. 

Vehicle _ 

Power ' Regulator F—>DC Fig‘ 3 
Battery —* M 

AC Power 



U.S. Patent Mar. 14, 2006 Sheet 3 0f 7 US 7,012,632 B2 

0 

1 

2 

102\ 3 
Tail Pointer 4 

5 

6 

104\ 7 
Head Pointer 

n-2 

n-1 

Fig. 4b 









U.S. Patent Mar. 14, 2006 Sheet 7 0f 7 US 7,012,632 B2 

After Before Gray Code 

("wee 



US 7,012,632 B2 
1 

DATA STORAGE WITH OVERWRITE 

This application is a continuation of application Ser. No. 
08/906,493 ?led on Aug. 5, 1997 noW abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to video recording devices 
and more particularly to a video camera Which stores 
successive frames in at least one circular buffer memory and 
Which may continue to store frames for a period following 
the occurrence of a triggering event. 
Numerous applications exist in Which it is desirable to 

retain a video record for evidentiary or historical purposes. 
For example, in an automobile, or on a bicycle or motor 
cycle, it Would be desirable to record a video image of the 
circumstances existing immediately prior to an accident and 
after an accident. Additionally, in security applications, it 
Would be highly desirable to be able to record a video image 
of the circumstances existing immediately prior to an event 
triggering an alert condition and folloWing the triggering of 
such a condition. Additionally, in numerous other applica 
tions it Would be desirable to be able to create a video record 
of circumstances existing both before and after a triggering 
event. 

A number of image recording devices are Well knoWn in 
the art. In time lapse photography a series of still pictures are 
taken over a period of time. Such pictures are typically taken 
With a periodically actuated still or a motion picture camera 
and employ photographic ?lm. The camera are loaded With 
a limited supply of ?lm and the camera must be reloaded 
When the supply of ?lm is exhausted. Accordingly, such 
devices are not Well suited for applications in Which it is 
desired to record images over a long period of time When 
only a very short period of time is of interest and the 
particular period of interest cannot be predicted. 

In security applications, a video camera is often employed 
to record a video image on magnetic tape on a continuous 
basis. When the tape is exhausted it must be replaced. 

Both photographic cameras employing photographic ?lm 
and video cameras utiliZing magnetic tape as the recording 
media employ mechanical transport mechanisms Which are 
susceptible to failure When subjected to shock and vibration. 
Accordingly, such devices are ill suited for use in applica 
tions and environments in Which shock and vibration are the 
norm. 

For the reasons above, a video recording device Would be 
desirable Which could record video frames on a continuing 
basis and capture a video record of circumstances surround 
a triggering event occurring at an unpredictable time. It 
Would further be desirable for such a device to be compact, 
lightWeight, cost effective, and avoid the aforementioned 
de?ciencies of prior art video recording devices employing 
mechanisms transports. 

SUMMARY OF THE INVENTION 

In accordance With the present invention, a video record 
ing device is disclosed Which is contained Within a com 
pactly siZed housing. One or more video image sensors are 
mounted to the housing. Alternatively, one or more video 
image sensors are provided Which are electrically coupled to 
the housing via Wires to as to permit the image vieWing area 
to be selected freely via suitable mounting of the sensors by 
the user. The video recording device records video frames 
successively in at least one circular buffer memory orga 
niZed as a continuous loop overWriting the oldest frame 
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2 
Within the respective buffer memory With a more recently 
received frame. Upon receipt of a triggering event, a pre 
determined number of additional frames are recorded Within 
the circular buffer memory at Which point recording ceases. 
A plurality of circular memory buffer groups may be pro 
vided to extend the overall recording time for the device by 
selectively storing video data samples to the respective 
buffer groups. The foregoing video recording device can be 
fabricated as a compact transportable unit Which employs no 
moving parts and Which has relatively loW poWer consump 
tion facilitating battery operation in certain embodiments. 
More speci?cally, a video camera is provided Which 

comprises a lens and a video image sensor. The lens is 
employed to focus a video image on a video image sensor 
such as a charge coupled device sensor or an arti?cial retina 
as hereinafter discussed. The output of the video image 
sensor comprises an analog signal Which is coupled to one 
or more A/D converters. The A/D converter(s) is sampled to 
generate a digital representation of the video image sensor 
analog output signal. A predetermined number of digital 
samples comprise one video frame. The digitiZed output 
signal(s) from the A/D converter(s) is coupled to a central 
controller in the form of a microprocessor or any other 
suitable controller. The microprocessor compresses the digi 
tiZed frame data and stores the compressed frame data in the 
next sequential location of the circular buffer. In one 
embodiment, the digitiZed frame data is encrypted prior to 
storing the same in the buffer so as to prevent unauthoriZed 
access to such data. The circular frame buffer comprises a 
semiconductor memory such as DRAM or any other suitable 
high speed semiconductor memory. 
Upon detection of a trigger event, the video recording 

device records a predetermined number of additional frames 
and then ceases to record further frame data. In this manner, 
a video event record is obtained Which commences prior to 
the triggering event and extends in time after the triggering 
event. Triggering events may include an accelerometer out 
put signal crossing a predetermined threshold, a signal 
employed to initiate air bag deployment in an automobile, a 
signal representing a recogniZed change in a video image or 
acoustic signal, a signal indicative of a security or ?re alarm 
condition, a button actuated by a user, or any other suitable 
activation signal knoWn in the art. Further, an activation 
button is provided Which permits a user to take a single 
frame “snap shot” Which is retained Within the buffer 
memory until purged upon user activation of a purge button. 
A serial output channel is provided to permit recorded 

frame data to be doWnload to a computer vieWing. 
The above described apparatus thus provides a video 

recording device Which has high reliability, is compact, cost 
effective and suitable both for consumer and commercial 
applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will be more fully understood by reference 
to the folloWing Detailed Description of the Invention in 
conjunction With the draWings of Which: 

FIG. 1 is a pictorial vieW illustrating an application for use 
of the video recording device of the present invention; 

FIG. 2a is a pictorial vieW of a housing for a video 
recording device in accordance With the present invention in 
Which a camera comprising a lens and image sensor is 
mounted Within the housing; 

FIG. 2b is a pictorial vieW of an alternative embodiment 
of a housing for the video recording device of FIG. 1 in 
Which the camera is disposed external to the housing and in 
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electrical communication With video processing circuitry 
(not shown) disposed Within the housing; 

FIG. 3 is an electrical block diagram of a video recording 
device in accordance With the present invention; 

FIG. 4a is a simpli?ed schematic representation of a 
circular memory buffer employed Within the video recording 
device of FIG. 3; 

FIG. 4b is a representation of a semiconductor memory 
buffer employed in the video recording device of FIG. 3 to 
implement a circular memory buffer and associate head and 
tail pointers; 

FIG. 5 is a ?oWchart illustrating the recording method in 
accordance With the present invention; 

FIG. 6 is a table illustrating one storage technique for 
storage of video data in the semiconductor memory buffer; 

FIG. 7 is a table illustrating an alternative storage tech 
nique for storage of vide data in the semiconductor memory 
buffer; and 

FIG. 8 is a table illustrating a further alternative storage 
technique for storage of video data in the semiconductor 
memory buffer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An application of a video recording device 2 in accor 
dance With the present invention is illustrated in FIG. 1. The 
recording device 2 is mounted Within a ?rst vehicle 4 Which 
has come to a stop behind a second vehicle 6 at an inter 
section. Vehicle 6 has also come to stop at the intersection, 
hoWever, has backed up so as to impact vehicle 2 causing 
damage to vehicle 4. It Would be highly desirable for the 
driver of vehicle 4 to have an evidentiary record Which 
establishes that the accident Was caused by vehicle 6 since 
it Would normally be presumed in such a circumstance that 
the driver of vehicle 4 Was the cause of the accident. The 
video recording device 2 in accordance With the present 
invention generates such a record by continually recording 
video frames in a circular buffer at a predetermined frame 
rate. In response to a trigger event, such as an air bag 
activation signal or a button activated by the driver, the 
video recording device records a predetermined number of 
additional frames before ceasing to record further frames. In 
the foregoing manner, the driver of vehicle 4 can establish 
the true cause of the accident. The foregoing example is 
provided solely as an illustration of the operation of the 
video recording device 2 of the present invention. 

Ahousing 10 for a video recording device 2 in accordance 
With the present invention is depicted in FIG. 2a. The 
housing 10 includes a camera comprising a lens 12 and a 
video image sensor (not shoWn) Which may comprise a 
charge coupled device (CCD), an arti?cial retina, or any 
other suitable optical sensor operative to provide output 
signals When a video image impinges the sensor. By Way of 
illustration, the sensor may comprise a model TC241 CCD 
array manufactured by Texas Instruments or an arti?cial 
retina such as identi?ed and described volume 372, number 
197 NATURE, 1994 Which is incorporated herein by refer 
ence. The lens 12 is speci?ed to have appropriate optical 
characteristics and is oriented so as to focus a video image 
of the desired ?eld of vieW on the video image sensor. While 
the housing of FIG. 2a illustrates the use of a single camera, 
multiple cameras may be employed and selectively oriented 
to capture images at desired vieWing angles. For example, 
one camera may be positioned at the forWard edge 14 of the 
housing 10 and a second camera at the trailing edge 16 of the 
housing 10 to capture images at 180° vieWing angles. 
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4 
Additionally, by Way of example, cameras may be disposed 
on the leading edge 14 and a side edge 17 of the housing 10 
so as to capture video images along orthogonal vieWing 
angles. It is further understood that any desired number of 
cameras may be employed. 

Another embodiment of a video recording device assem 
bly in accordance With the present invention is depicted in 
FIG. 2b. The video recording device illustrated in FIG. 2b 
includes a housing 18 and a camera 20 Which is disposed 
external to the housing 18. The lens 22 focuses a video 
image on the sensor 24 Which, in the preferred embodiment, 
produces an electrical output signal for communication to a 
video signal processor. The sensor 24 communicates the 
electrical output signal via Wires 26 to the video signal 
processor disposed Within the housing 18. The Wires 26 may 
coupled to the circuitry (not shoWn) via a connector or 
alternatively may be hardWired to such circuitry. While a 
single video image sensor 20 is depicted in FIG. 2b, as With 
respect to FIG. 2a, the video recording device in accordance 
With the present invention may employ multiple cameras 20 
Which may be selectively mounted and positioned at desired 
vieWing angles so as to permit a corresponding number of 
video images to be captured. 

The housings illustrated in FIGS. 2a and 2b may be 
fabricated in a PCMCIA con?guration With a PCMCIA 
connector disposed at one end so as to permit the housing to 
be inserted into a laptop computer or any other suitable 
computer having a PCMCIA interface to permit vieWing of 
images captured Within the video recording device. 
A block diagram of the video recording device in accor 

dance With the present invention is depicted in FIG. 3. As 
illustrated in FIG. 3, the recording device includes a camera 
40 and video electronics 42. The camera 40 is comprised of 
a lens 44 Which is disposed a predetermined distance d from 
the surface of an image sensor 46. The image sensor 46, as 
described above, may comprise a charge couple device 
array, an arti?cial retina, or any other suitable image sensor 
operative to provide an output signal representative of a 
video image Which impinges upon the sensor. In a preferred 
embodiment employing a CCD array as the sensor 46, the 
CCD array produces an analog output signal Which is 
electrically coupled to an analog to digital converter 48 via 
a signal path 50. The analog to digital converter may 
comprise a model AD775 A to D converter manufactured y 
Analog Devices Inc. or any other suitable analog to digital 
converter. Support electronics 52 are provided Which 
include a clock generator Which is coupled to the analog to 
digital converter 48 to permit the sensor output 50 to be 
sampled at predetermined intervals and other conventional 
timing circuitry. The analog to digital convertor 48 generates 
a digital representation of the sensor output signal 50. A 
predetermined number of samples of the sensor output 
signal 50 comprise a single video frame. For example, in one 
exemplary embodiment, each frame contains 256 horiZontal 
samples by 128 vertical samples yielding an uncompressed 
siZe of 32,768 bytes. Sixty four such frames can be stored in 
a tWo (2) megabyte memory. 

Generally, color images require approximately thirty (30) 
percent more storage space. One could thus store approxi 
mately ?fty (50) frames of uncompressed color image 
information in the tWo (2) megabyte memory. 

For images of the above identi?ed siZes a compression 
ratio of four to one (4:1) is readily achievable. Such com 
pression Would permit 256 black and White images or 200 
color images to be stored in the tWo (2) megabyte memory. 
At a recording rate of ten (10) frames per second, the tWo (2) 
megabyte memory Will thus accommodate 25 seconds of 
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black and White images or 20 seconds of color images. A 
greater recording interval may be achieved by employing a 
loWer sampling rate or by utilizing a larger memory. 

The output of the analog to digital converter is electrically 
coupled to inputs of a central control processor 54 via signal 
path 56 Which comprises a parallel signal bus. The central 
control processor 54 in a preferred embodiment, may com 
prise an M32RD microprocessor Which is commercially 
available from Mitsubishi Electric, any other suitable micro 
processor, an Application Speci?c Integrated Circuit (ASIC) 
or any other suitable implementation of a central control 
processor operative to perform the presently described func 
tions. 

The central control processor 54 is coupled to a semicon 
ductor memory 58 Which comprises a DRAM a in preferred 
embodiment. Within the M32RD device referenced above, 
tWo (2) megabytes of DRAM is incorporated in the com 
mercially available device. Thus the microprocessor 54 and 
the DRAM 58 may be obtained as a single integrated circuit. 
Additional semiconductor memory 60 may be coupled to the 
microprocessor 54 via a bus 62 in the event that it is desired 
to increase the semiconductor memory capacity of the video 
recording device. It may be desired to increase the memory 
capacity of the recording device to permit a greater number 
of frames to be captured or to accommodate the storage of 
video images received from plural cameras. 

The central control processor 54 executes a control pro 
gram Which is stored Within a Read Only Memory (ROM). 
The ROM 64 is coupled to the central control processor via 
bus 66. The central control processor 54 is provided With a 
number of inputs 68 Which permit activation of the video 
recording device and control of the device by a user. 
Exemplary inputs comprise, an event sensor 70, a “capture” 
button 72, a “still” button 74 and a “purge” button 76. 
Additionally, the central control processor 54 includes a 
serial output channel 78 Which permits stored video images 
to be doWnloaded to an external vide device for vieWing. In 
one embodiment, the serial output channel is compatible 
With the Well knoWn Xmodem serial protocol. It is appre 
ciated that any suitable serial channel protocol may be 
employed. 

The central control processor 54 receives successive 
samples of frame data from the analog to digital converter 48 
and compresses the received frame data in order to reduce 
the storage capacity for the captured video data. One image 
compression technique Which may be employed is disclosed 
in Us. Pat. No. 4,917,812 to Adelson and Simoncelli. While 
any suitable compression technique may be employed, in a 
preferred embodiment of the invention, an asymmetric com 
pression technique (knoWn in the art) is used Which mini 
miZes the computational load on the central control proces 
sor to compress the image data during compression of the 
image data at the expes of greater complexity in the decom 
pression algorithm. The use of an asymmetric compression 
technique thus places greater processing demand on the 
processor Which Will ultimately perform the decompression 
Which, is likely to comprise a personal computer (PC), a 
Workstation, or some other computer Which generally pos 
sesses the necessary processing speed to perform such 
decompression or Which is not burdened by the constraint of 
real time processing. In this manner, the video electronics 42 
are not burdened With additional cost associated With added 
processing poWer. 

FolloWing the compression of the frame data, the central 
control processor stores the compressed data Within the 
semiconductor memory 58. The semiconductor memory 58 
is structured as a circular memory buffer as illustrated in 
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6 
FIG. 4a. Thus, folloWing compression, each compressed 
video frame is stored in the next successive frame buffer 
location and any frame data contained in such location is 
overWritten. For example, referring to FIG. 4a, if the last 
frame Were stored at location 3 of the circular buffer 90, the 
subsequent video frame Would be stored at location 4 of the 
circular frame buffer. The video recording device, absent 
receipt of some trigger event from the sensor 54 or activation 
of other input by the user, continues to store captured frame 
data in successive locations of the circular buffer, overWrit 
ing previously received frame data stored in respective 
buffer locations With the most recently received frame data. 

The operation of the circular buffer is described With more 
particularity beloW and With respect to FIG. 4b. The semi 
conductor memory buffer is siZed to as to permit the desired 
number of frame to be concurrently stored in the buffer. The 
buffer 100 utiliZes a plurality of bytes to store each frame as 
illustrated in frame buffer locations 0 and n. The speci?c 
number of bytes required for a particular frame is dependent 
upon the resolution of the video image sensor 46, the 
sampling rate of the analog to digital converter 48, and the 
efficiency of the compression algorithm. 

Associated With the semiconductor memory buffer 58 
(and additional buffer memory 60 if such is employed) are 
a tail pointer 102 and a head pointer 104. The head pointer 
points to the address of the frame buffer location for storage 
of the next frame data. Such address is offset in the respec 
tive frame to address the respective byte for the frame data 
being stored. For simplicity, the operation of the buffer is 
explained With respect to the frame addresses recogniZing 
that plural locations are utiliZed Within the buffer to store the 
data associated With any given frame. 
The head pointer 104 points to the location for storage of 

the incoming frame data. Thus, if the next frame data is to 
be stored in location 4, the head pointer is set to location 4. 
Once all of the data corresponding to frame 4 has been 
stored in the buffer, in normal operation and in the absence 
of a trigger event, the head pointer is incremented to point 
to frame number 5. As an example, assume a semiconductor 
memory buffer 58 is employed in Which n=127; i.e. the 
frame buffer is capable of storing 128 frames of data. It is 
further assumed for purposes of the present example that it 
is desired to have half of the captured frames precede the 
trigger event and half of the frames folloW the trigger event. 
The head pointer 104 is incremented folloWing the storing of 
each respective frame. In normal operation, the tail pointer 
is incremented each time the head pointer is incremented, 
hoWever, the tail pointer comprises an address Which lags 
the head pointer by sixty four. In the circular buffer frame 
address 0 folloWs frame address n (i.e. 127 in the present 
example). 
Upon detection of a trigger event, the tail pointer ceases 

to increment While frames continue to be stored in subse 
quent frame locations. A test is performed prior to storing 
frame data to determine Whether the frame location for the 
data to be stored is one location preceding the tail pointer in 
Which case the frame data pertaining to that frame is stored. 
No subsequent frames are stored in the frame buffer. Thus, 
folloWing the trigger event, the buffer contains frame data 
commencing at a location Z and ending at a location 2-1; i.e. 
if the tail pointer stopped incrementing upon detection of a 
trigger event When pointing to address 6, the last captured 
video image Would be stored in location 5 and further image 
capture and storage Would cease. 
The sensor 54 may comprise any sensor Which provides 

a trigger output signal in response to a condition Which is 
desired to initiate the capture of the video image or images 
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occurring prior to and following the occurrence of the 
trigger output signal. For example, the sensor may comprise 
an accelerometer, an air bag deployment sensor of the type 
normally used in automobiles to initiate the deployment of 
an air-bag, a security or ?re alarm alert condition sensor used 
to detect movement, glass breakage, unauthoriZed entry such 
as found in a burglar alarm, for example, ?re or smoke, an 
acoustic signal characteristic of a speci?c event such as 
gunshots, or any other signal indicative of a speci?ed event. 
Moreover, While a single sensor 70 is illustrated for sim 
plicity, it should be appreciated that plural sensors may be 
employed to activate the capture of video images by the 
present video recording device and that video image capture 
may be initiated by any one of such sensors or a combination 
of such sensors. 
Upon detection of a trigger event from the sensor 70, the 

central control processor 54 receives only a predetermined 
number of additional frames and stores such frames in the 
semiconductor memory 58 in the successive frame locations 
Within the circular buffer 90. FolloWing the recording of the 
predetermined number of additional frames, the video 
recording devices ceases to record further frame data. Thus, 
if the central controller is programmed to record half the 
number of frames Which are capable of being stored Within 
the semiconductor memory 58 or 58 and 60, as applicable, 
the video frame data stored Within the circular buffer cor 
responds to an equal number of video frames captured prior 
to the trigger event and after the trigger event. It is appre 
ciated that any desired percentage of frames may be cap 
tured prior to or after the trigger event by specifying hoW 
many frames are to be captured and stored after the trigger 
event. 

In one preferred embodiment, it is envisioned that the 
semiconductor memory Will support the storage of 5 frames 
of video data per second for approximately 30 seconds. 
Thus, the memory Will support the storage of approximately 
150 video frames. If it is desired to record the same number 
of frames before and after detection of a trigger event from 
sensor 70, seventy ?ve additional frames Would be recorded 
and stored in the circular buffer 90 subsequent to the 
detection of the trigger event. It should be appreciated that 
the number of frames that are recorded before and after are 
a matter of design choice, the only limitation being that the 
total number of frames to be recorded not exceed the frame 
capacity of the semiconductor memory. Thus, in the above 
example in Which the video electronics include DRAM 
supporting storage of 150 video frames, if it Was desired to 
obtain a record Which provided ten percent of the frame data 
prior to the trigger event and ninety percent of the frame data 
folloWing the trigger event, an additional 135 frames Would 
be recorded and stored subsequent to the trigger event. 

Referring again to FIG. 3, the video electronics 42 and 
sensor 46 are poWered by a DC regulator Which may derive 
input poWer from an AC source, When such is available, 
from a vehicle battery, or from batteries such as AA cells or 
any other suitable batteries. When poWered by a vehicle 
battery, it is recogniZed that in the event of an accident or in 
some cases, When the vehicle is turned off, the vehicle 
battery poWer may cease to provide poWer. In such event, the 
battery cells provide an alternative source of poWer to permit 
the buffers 58 and 60 to be periodically refreshed (should 
DRAMs be employed). Since the refresh current is 
extremely loW for DRAMs, the data captured Within the 
buffer may be maintained for many Weeks before the cap 
tured video data is lost. It is estimated that tWo or four AA 
cells Will support full operation of the video recording 
device for betWeen tWo and ?ve hours of recording opera 
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8 
tion thus permitting fully portable operation of the unit on, 
for example, a bicycle or in any other application in a steady 
source of poWer is not readily available, at a minimal cost in 
added Weight. It is also estimated that tWo (2) or four (4) AA 
battery cells Will maintain the contents Within memory for 
betWeen one (1) and four (4) months. 

The video recording device is provided With a capture 
button 72 Which serves as a user activatable trigger event. 

Thus, a user of the device may initiate video capture by 
pushing the capture button 72. Upon activation of the 
capture button, a trigger signal is provided to a detector by 
the central control processor 54. The operation of the video 
electronics 42 upon user activation of the capture button 72 
is otherWise as described With respect to the occurrence of 
a trigger event in response to a trigger signal provided by the 
sensor 70. 

The still button 74 is optionally provided and coupled to 
the central control processor 54. Upon activation of the still 
button, the video electronics captures a video frame and 
stores the frame Within the buffer memory 58 or the 
extended buffer memory 60. In one embodiment, a frame 
Which is stored as a result of the activation of the still button 
74 is stored in a protected memory buffer area Which is not 
employed as a part of the circular buffer 90. In another 
embodiment of the video recording device, the captured 
frame is stored Within a frame location Within the circular 
buffer, hoWever, the frame is protected from overWriting 
While video capture Within the circular buffer continues. 
Such may be accomplished via tagging protected frame 
locations containing captured still frames and checking to 
determine Whether a frame location is protected prior to 
Writing to the frame location. Alternatively, a “still” frame 
may be stored at the upper, loWer or some other designated 
portion end of the circular buffer and the head and tail 
pointers controlled so as not to result in overWriting of the 
“still” frame. 

The purge button 76 is optionally provided and is elec 
tronically coupled to the central control processor 54. Upon 
activation of the purge button, the contents of the circular 
buffer and any still images that have been captured are 
erased. Thus, in the event that a user captures images Which, 
for any reason, such user doe not desire to retain, they may 
be erased. 

In one embodiment of the invention, the captured digital 
data is encrypted With any suitable encryption algorithm 
prior to storing the captured frame data in the buffer 
memory. The encryption of the captured frame data assures 
that such data cannot be accessed Without authority of the 
user. 

The serial channel 78 is employed to doWnload captured 
and store video images to an external Personal Computer 
(PC), Workstation or other suitable device for vieWing of the 
recorded images. Alternatively, the serial channel may be 
coupled to a radio transmitter to transmit RF signals to a 
base station for vieWing. By Way of example, upon detection 
of gunshots as a trigger event, and storage the speci?ed 
number of frames Within the circular frame buffer, the 
trigger event is used to cause the transmission of capture 
video data to a base station over an associated RF transmitter 
such as found in a police cruiser. The serial channel 78 may 
comprise a channel compliant With the Well knoWn Xmodem 
protocol, or any other suitable serial channel protocol, for 
example When the video recording device is employed in a 
home or another location in Which AC poWer is employed, 
the serial channel may be appropriately coupled to the AC 
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power line employing the Well known X10 protocol for 
receipt and viewing by a device having an X10 protocol 
compliant receiver. 
An electronic or tamper-evident mechanical seal may be 

optionally provided to assure that the information contained 
in the video recording device has not been tampered With 
prior to vieWing to assure the evidentiary integrity of the 
captured images. The electronic seal may comprise encryp 
tion of the video data such that only an individual With 
authoriZation may vieW the recorded data. The mechanical 
tamper seal may be in the form of a paper or similar seal 
Which is positioned on the case so to as to require rippage of 
the seal in the event the housing 10, 18 has been opened or 
if cable connections have been exposed. 

The frame rate of video capture may be optionally varied 
so as to provide a higher frame capture rate or a loWer frame 
capture rate upon the occurrence of a trigger event. The 
inclusion of an adaptive frame capture rate permits higher or 
loWer frequency rates to be employed in particular applica 
tions in Which such might be desirable. Additionally, the 
resolution may be varied so as to provide a different reso 
lution in response to a trigger event. For example, upon 
recognition of a trigger event, the recording device may 
record at a higher or loWer resolution than that employed 
prior to the trigger event. Further, an exponential change in 
resolution may be employed. Finally, the change in resolu 
tion may be delayed for a predetermined number of frames 
folloWing the trigger event. 

For example, video data may be stored in the memory 
buffer using different storage techniques to achieve desired 
objectives. It may be desired to have higher frame storage 
rates around the trigger event With successively loWer effec 
tive storage rates as one progresses further in time aWay 
from the trigger event (both before and after the event). It is 
appreciated that any number of storage methods may be 
employed via selective addressing of the semiconductor 
memory to extend the period of time captured Within the 
semiconductor memory buffer, or to achieve almost any 
frame capture pro?le that may be desired. Several storage 
techniques illustrated in FIGS. 6 through 8 are discussed 
beloW. 
An automatic gain control (AGC) (not shoWn) may 

optionally be electronically coupled betWeen the video 
image sensor 46 and the A/D converter 50 to compensate for 
variations in light intensity and to prevent blooming of the 
captured video image. 

The basic method of operation of the video recording 
device illustrated in the block diagram of FIG. 3 and 
described above is illustrated in the How diagram depicted in 
FIG. 5. As depicted in step 120 in FIG. 5, upon initialiZation, 
a counter value i is initialiZed to 0. As illustrated in step 122, 
the video data corresponding to a video frame is sampled by 
the A/D converter and converted to digital data. As shoWn in 
step 124, the converted frame data is transmitted to the 
microprocessor. Upon receipt of the frame data, as illus 
trated in step 126, the microprocessor compresses the frame 
data so as to permit a greater number of frames to be stored 
Within the circular buffer memory than Would otherWise be 
possible absent such compression. Additionally, as depicted 
in step 128, the frame data may optionally be encrypted by 
the microprocessor to prevent unauthoriZed access to such 
data. As shoWn in step 130, the frame data is stored in the 
next frame location Within the circular memory buffer. In the 
event that any video data has previously been Written to the 
speci?ed memory location Within the circular buffer, such 
data is overWritten. As illustrated in decision step 132, a 
determination is made Whether an event trigger has been 
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received. If no event trigger is received, the counter i is 
reinitialiZed to 0 and sampling and storage of frame data 
continues. If the decision step 132 results in a determination 
that a trigger event has been received, as illustrated in 
decision step 134, a determination is optionally made 
Whether adaptive rate selection is employed. In the event 
that adaptive rate selection is employed, the sampling rate of 
the A/D converter is adjusted as depicted in step 136 and the 
modi?ed frame rate is employed for subsequent frame 
storage. In the event that adaptive rate selection is not 
employed or enabled, folloWing step 132 control passes to 
step 138 in Which the counter i is incremented. As shoWn in 
decision step 140, a determination is next made as to 
Whether the counter is equal to the speci?ed number of 
frames to be recorded subsequent to the occurrence of a 
trigger event. In the event that the determination reveals that 
the speci?ed number of frames has not been recorded 
subsequent to the trigger event, control passes to step 122 
and sampling continues. In the event the determination of 
step 140 reveals that the predetermined number of frames 
have been captured subsequent to the trigger event, control 
passes to step 142 and further frame capture ceases. 

If frames are simply received and stored in successive 
locations of a circular buffer, it is apparent that the total 
record time Will equal the number of frames allocated in the 
buffer for storage minus one times the frame sampling 
period. Thus, assuming a semiconductor memory Which can 
hold 150 video frames and a ten (10) frame per second 
storage rate, the semiconductor memory Will only be able to 
hold 14.9 seconds of video data. If the trigger is adjusted so 
as to provide for approximately one half of the frames to be 
recorded prior to the trigger event and one half of the frames 
subsequent to the trigger event, it is evident that only 
approximately 7.5 seconds of record time is achieved sur 
rounding the event of interest. 

FIGS. 6 through 8 illustrate several frame storage tech 
niques Which provide for storage of video information over 
a greater period of time than is achieved by simply storing 
each successively frame in a successive buffer location as 
discussed hereinabove Wherein the entire buffer pool is 
treated as a single circular buffer. 
The table depicted in FIG. 6 illustrates data samples 

received successively at 0.1 second intervals. For simplicity, 
eight data storage buffers having buffer addresses 0—7 are 
illustrated although typically many more data buffers Would 
be employed. The data buffers are segregated into tWo 
groups of buffers With buffers having addresses 0—3 com 
prising a ?rst buffer group and buffer having addresses 4—7 
comprising a second buffer group. Each group is organiZed 
as a circular buffer in Which a data sample is stored in the 
?rst storage location Within the respective group folloWing 
storage of data sample Within the last storage location of the 
group. 
A data sample is stored in the next location Within the 

second group folloWing storage of a predetermined number 
of data sample Within the ?rst group of storage buffers. 

In normal operation and in the absence of the occurrence 
of a trigger event samples are stored as illustrated in FIG. 6. 
More speci?cally, the ?rst sample is stored in address 0 of 
the ?rst group of buffers and the second sample is stored in 
address 1 of the ?rst group of storage buffers. FolloWing the 
storage of tWo data samples in the ?rst group of storage 
buffers data sample 3 is stored in address 4 Which comprises 
the ?rst address in the second group of storage buffers. The 
next tWo data samples comprising samples 4 and 5 are stored 
in buffer addresses 2 and 3 comprising the next tWo suc 
cessive buffer addresses Within the ?rst group of storage 
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buffers. Sample 6 is stored in buffer address 5 Which 
comprises the next successive buffer Within the second 
group of storage buffers. This storage technique continues in 
the absence of a trigger event as illustrated for 17 data 
samples in FIG. 6. 

Once a trigger event has been received, data storage 
ceases folloWing the storage of a predetermined number of 
data samples (Pn) Within each group (n) of storage buffers 
Where n=the number of the respective buffer groups. For 
example, With reference to FIG. 6, a trigger event is indi 
cated as having occurred folloWing the receipt of data 
sample 11. Data storage ceases folloWing the storage of tWo 
additional data samples in the ?rst group of storage buffers 
(samples 13 and 14) and tWo additional samples Within the 
second group of storage buffers (samples 12 and 15). Thus, 
in the simpli?ed illustration of FIG. 6, the overall storage 
interval has been expanded from 0.7 seconds (8 successive 
samples at 0.1 second intervals) Which Would be obtained if 
all eight buffers Were considered as a single buffer group to 
0.9 seconds by organiZing the eight buffers as tWo groups of 
buffers in Which each comprises four buffers. Further, more 
frames are stored in the vicinity of the trigger event and 
feWer frames are stored for time farther aWay in tie from the 
trigger event by employing the presently disclosed tech 
nique. It should further be appreciated that by employing 
greater numbers of groups of buffers, the time interval 
covered may be substantially increased While still obtaining 
the highest frame storage resolution immediately before and 
after the trigger event. Furthermore, it is possible to achieve 
storage of a greater number or smaller number of frames 
before the trigger event or after the trigger event based upon 
the speci?cation of the number of data samples that are to be 
stored Within respective groups prior to termination of 
further data sample storage Within the respective group. 
A further example of the presently disclosed storage 

technique employing three groups of storage buffers is 
illustrated in FIG. 7. As illustrated in FIG. 7, a data sample 
is stored in each successive group only folloWing storage of 
a predetermined number of data samples Within the preced 
ing group. More speci?cally, the ?rst group of storage 
buffers comprises buffer addresses 0 to 3, the second group 
of buffers comprises addresses 4 to 7 and the third group of 
buffers comprises addresses 8 to 11. The ?rst group of 
buffers comprises the highest resolution buffers since the 
greatest number of data samples is stored Within this group. 
Successive groups each store feWer data samples than the 
preceding group. Any number of variations to the presently 
disclosed recording technique may be employed to obtain 
expansion of the time interval covered by the available 
number of storage buffers While maintaining high resolution 
recording around the triggering event. For example, While 
the technique illustrated in FIG. 7 provides for recording 
sample 9 to the ?rst location of the third storage buffer group 
folloWing storage of data samples 7 and 8 in address 
locations 0 and 1 respectively of the ?rst buffer group, 
sample 7 could instead be stored in address 8 of the third 
buffer group and samples 8 and 9 could then be stored in 
address locations 0 and 1 of the ?rst buffer group respec 
tively With the storage pattern thereafter repeated in a 
circular manner for each of the respective buffer groups. 

Referring again to the illustrated storage technique 
depicted in FIG. 7, a trigger event 210 is illustrated as 
occurring betWeen samples 39 and 40. Subsequent to the 
trigger event 210, recording continues Within each buffer 
group until the predetermined number of data samples for 
that group has been received and stored. In the example 
depicted, storage of data samples Within each group ceases 
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folloWing receipt and storage of tWo data samples Within 
each of the respective groups. There is no requirement for 
the number of data samples to be stored subsequent to the 
trigger event to be the same for each of the groups and the 
number of data samples stored after the trigger event may be 
selected so as to favor storage of information either prior to 
or subsequent to the trigger event for each of the storage 
buffer groups. 
Assuming a 0.1 second sampling interval, if a single 

circular buffer comprising tWelve buffer locations Were 
employed Without segregating the buffers into groups, the 
interval span Would constitute 1.1 seconds. In the example 
depicted in FIG. 7, the time span covers 2.4 seconds With 
only three buffer groups although the speci?c time span 
varies With the positioning of the trigger event. By increas 
ing the number of buffer groups, high resolution may still be 
obtained around the trigger event With greater overall time 
coverage. 

Another alternative technique for storing video data in the 
video recording device is illustrated in FIG. 8. A gray code 
generator, Which in the exemplary embodiment comprises a 
six bit generator, is employed to generate a code in Which 
only a single bit changes form each code to the next. The 
gray code generator may comprise a gray code counter 
implemented in the hardWare or alternatively, a conventional 
counter may be employed to address a look-up table Which 
contains the respective gray codes and provides such codes 
as outputs. Abuffer pool for storing data is divided into tWo 
parts. One portion of the buffer pool (the Before column) is 
employed to store video frames received prior to the trigger 
event 220 and a second portion of the buffer pool is 
employed to store video data received subsequent to the 
trigger event. In the example of FIG. 8, six buffers are 
illustrated in each portion of the buffer pool for purposes of 
discussion although in practice any number of buffers may 
be employed Within the respective portions and typically the 
total buffer pool Would include many more than tWelve 
buffers to obtain a substantially increased recording time. 

Video data is periodically stored on an ongoing basis in 
the absence of a trigger event, in the buffer address corre 
sponding to the gray code bit Which changed When last 
incremented. Thus, as illustrated, When the gray code 
changes from 000000 to 000001, video data corresponding 
to frame 1 is stored in buffer location 0 (of the Before 
column) since the change in the gray code occurred in bit of 
the gray code. Similarly, When the gray code changes from 
000100 to 001100, video frame 8 is Written to buffer location 
3 since the change in the gray code occurred in gray code bit 
3. Due to the gray code addressing employed, the loWest 
address buffer is overWritten every other video frame. The 
higher the address of the buffer, the less frequent the 
overWriting of the respective buffer occurs. FolloWing the 
storage of the video frame in the last buffer location Within 
the ?rst buffer portion, the sequence repeats With video 
frame data stored in respective buffers being reWritten With 
neW video data. 

After the gray code generator has cycled through the ?rst 
buffer portion a number of times, it is assumed that a trigger 
event 220 occurs betWeen frame number 16 and 17. Once a 
trigger event has been received, storage of video frame data 
Within the ?rst portion of the buffer pool (the Before 
columns) ceases and video frames are then stored in the 
second portion of the buffer pool (the After columns) using 
the same addressing technique described With respect to the 
?rst portion. Several rules, hoWever, are applied With respect 
to Writing of video frame data Within the second portion of 
the buffer pool after the detection of a video event. Once a 
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video frame is Written to a buffer Within the second portion 
of the buffer pool all further Writes to that buffer are 
suppressed. Additionally, Writing of video frame data to the 
second portion of the buffer pool ceases When the last gray 
code is reached Which preceded the trigger event. By Way of 
illustration, since the trigger event Was detected after gray 
code 011000 and before gray code 011001, attempts to Write 
to the second buffer pool Would cease folloWing the Writing 
(or suppression of Writing, as applicable) to buffer 4. 
More speci?cally, folloWing the trigger event 220 video 

frame 17 is Written to buffer 0 of the second buffer pool 
(outlining highlighted) and video frame 18 is Written to 
buffer 1 Within the second buffer pool. Video frame 19, 
hoWever, is not Written to buffer 0 of the second buffer pool 
after the trigger event, since a video frame (frame 17) has 
already been Written to buffer 0. Video frame 20 is Written 
to buffer 2 (highlighted by outlining) since no prior Write has 
occurred to buffer 2 subsequent to the trigger event 220. 
Writing or suppression of Writing to the second buffer pool 
continues, as illustrated Within the second buffer pool (the 
After columns) until the gray code is reached corresponding 
to the gray code immediately preceding the trigger event. In 
the foregoing manner, the video data preceding and subse 
quent to the trigger event is stored for subsequent retrieval 
and display. 

Thus, folloWing the trigger event, and after termination of 
recording in the second buffer pool, frames 32, 8, 12, 14, 15 
and 16 Would be preserved Within buffers 5, 3, 2, 1, 0 and 
4 respectively of the ?rst portion of the buffer pool and 
frames 17, 18, 20, 24, 32 and 16 Would be preserved in 
buffers 0, 1, 2, 3, 5 and 4 respectively of the second portion 
of the buffer pool. The video frame preserved via the present 
storage technique in the ?rst and second buffer pools in the 
present illustrative eXample are highlighted in bold for 
purposes of identi?cation. 

While the above described data storage techniques have 
been applied to the speci?c application of video data storage, 
it is appreciated that these described storage techniques are 
equally applicable to any application in Which it is desired 
to store data received both before and after a trigger event 
Wherein the timing of the trigger event is indeterminate. 

The foregoing video recording device thus provides for 
the capture and recording of video images occurring both 
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before and after a triggering event in a compact loW cost 
assembly Which employs no moving parts such as typically 
employed in prior art recording devices. It should be under 
stood that modi?cations to the video recording device and 
the methods for recording herein described Will be apparent 
to those of ordinary skill in the art Without departing from 
the inventive concepts contained herein. Accordingly, the 
invention is not to be vieWed as limited eXcept by the scope 
and spirit of the appended claims. 

What is claimed is: 

1. A method for storing data, comprising the steps of: 
storing a plurality of sequentially ordered data samples in 

a plurality of sequential storage segments such that one 
of the plurality of sequentially ordered data samples is 
stored at one of the plurality of sequential storage 
segments Which is non-sequential to another of the 
plurality of sequential storage segments in Which an 
immediately preceding one of the plurality of sequen 
tially ordered data samples is stored; and 

overWriting another one of the stored plurality of sequen 
tially ordered data samples, other than a ?rst ordered 
one of the plurality of sequentially ordered data 
samples, With a further data sample, the further data 
sample being immediately sequential to a last ordered 
one of the plurality of sequentially ordered data 
samples. 

2. The method of claim 1, further comprising the step of: 
storing another further data sample, the another further 

data sample sequentially folloWing both the last 
ordered data sample and the further data sample, at 
another further one of the plurality of storage segments 
other than a storage segment storing one of the plurality 
of sequential data samples and a storage segment 
storing the further data sample. 

3. The method of claim 1, Wherein the plurality of 
sequential storage segments are one of sequentially 
addressed storage segments or sequentially located storage 
segments. 


