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(57) Abrége/Abstract:

The present invention provides a method and apparatus for detecting fire in a monitored area. In a preferred embodiment, this
method Is seen to comprise the steps of: (1) capturing video images of the monitored area in the form of two-dimensional
bitmaps whose spatial resolution Is determined by the number of pixels comprising the bitmaps, (2) cyclically accumulating a
seguential set of these captured bitmaps for analysis of the temporal variations being experienced in the pixel brightness values,
(3) examining these sets of bitmaps to identify flusters of contiguous pixels having either a specified static component or a
specified dynamic component of their temporally varying brightness values, (4) comparing the patterns of the shapes of these
Identified, static and dynamic clusters to identify those exhibiting patterns which are similar to those exhibited by the comparable
bright static core and the dynamic crown regions of flickering open flames, and (5) signalling the detection of a fire in the
monitored area when the degree of match between these identified, static and dynamic clusters and the comparable regions of
flickering open flames exceeds a prescribed matching threshold value.
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(§7) Abstract: The present invention provides
a method and apparatus for detecting fire in
a monitored area. In a preferred embodiment,
this method is seen to comprise the steps of: (1)
capturing video images of the monitored area
in the form of two-dimensional bitmaps whose
spatial resolution is determined by the number
of pixels comprising the bitmaps, (2) cyclically
accumulating a sequential set of these captured
bitmaps for analysis of the temporal variations
being experienced in the pixel brightness values,
(3) examining these sets of bitmaps to identify
flusters of contiguous pixels having either
a specified static component or a specified
dynamic component of their temporally varying
brightness values, (4) comparing the patterns of

0 I<—>-l F(Hz) the shapes of these identified, static and dynamic

FLICKER FREQUENCY clusters to identify those exhibiting patterns

RANG% which are similar to those exhibited by the

\ comparable bright static core and the dynamic

STATIC DYNAMIC crown regions of flickering open flames, and (5)
C%%N%I? E C%P%%IQF signalling the detection of a fire in the monitored

area when the degree of match between these
identified, static and dynamic clusters and the
comparable regions of flickering open flames
exceeds a prescribed matching threshold value.
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EARLY FIRE DETECTION METHOD AND APPARATUS

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION
The present invention generally relates to electrical, condition responsive systems.
More particularly, this invention relates to a method and apparatus for detecting a fire in a

momnitored area.

2. DESCRIPTION OF THE RELATED ART

It 1s important that an optical fire detector be able to detect the presence of various:
types of flames in as reliable a manner as possible. This requires that a flame detector be
able to discriminate between flames and other light sources. Commonly, such optical flame
detection 1s carried out'in the infrared (IR) portion of the light spectrum at around 4.5
mucrons, a wavelength that 1s characteristic of an emission peak for carbon dioxide.

-Simple flame detectors employ a single sensor, and a warning is provided whenever
the signal sensed by the detectors exceeds a particular threshold value. However, this
simple approach suffers from false triggering, because it is unable to discriminate between
flames and other bright objects, such as incandescent light bulbs, hot industrial processes
such as welding, and sometimes even sunlight and .warm hands waved in front of the
detector. '

Attempts have been made to overcome this problem by sensing radiation at two or
more wavelengths. For example, see U.S. Patent No. 5.625,342. Such comparisons of
the relative strengths of the signals sensed at each wavelength have been found to permit

- greater discrimination regarding false sources than when sens;ing at only a single

wavelength. However, such detectors can still be subject to high rates of false alarms.
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Another technique for minimizing the occurrence of such false alarms is to use
flicker detection circmitry which monitors radiation intensity variations over time, and
thereby discriminate between a flickering flame source and a relatively constant intensity
source such as a hot object.

Meanwhile, U.S. Patent No. 5,510,772 attempts to minimize such ﬁ;tlse fire alarms
by using a camera operating in the near infrared range to capture a suceession of images of
the space to be monitored. The brightness or intensity of the pixels comprising these
iméges is converted to a binary value by comparing it with the average intensity value for
the image (e.g., 1 if greater than the average). Computing for each pixel a crossing |
frequency, v(defined as the number of times that its binary value changeé divided by the
number of images captured) and an average pixel binary value, C (defined as the average
over all the images for a specific pixel). Testihg the values of vand C aganst the

relationsliip: v=KC(I-C), whereK is a constant; and signaling the existence of a fire for

any cluster of adjacent pixels for which the respective values of vand C fit this relationship
within predetermined limits.

Despite such improvement efforts, these fire detectors can still be subject to
high rates of false alarms, and misdiagnosis of true fires. For example, there can still -
be significant difficulties i producing true alarms when monitoring fires at a long
distance from the detector, say up to approximately two hundred feet, when the signal
to noise ratio is small. This may present even higher challenge when other active or
passive light sources are present, such as spot welding, reflecting surfaces of water,
flickering luminescent light fixtures etc.

‘A]so, fire detectors suffer from an inconsistency in fire detection characteristics
under different fire conditions, such as with different levels of fire temperature, size,
position relative to the detector, fuel and interfering background radiation.
Additionally, such detectors have little ability to pinpoint the exact location of a fire in
a monitored area; information which can greatly aid the effective use of installed

suppression systems. Consequently, there is still a need for a fire detector with exact

 fire location capabilities and whose ability to détect fires is less dependent on the

various factors listed above.
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SUMMARY OF THE INVENTION

The present invention is generally directed to satisfying the needs set forth above
and the problems identified with prior fire detection systems and methods.

In accordance with one preferred embodiment of the present invention, the

~ foregoing needs can be satisfied by providing a method for detecting fire in a monitored

area that comprises the steps of: (1) capturing video images of the monitored area in the
form of two-dimensional bitmaps whose spatial resolution is determined by the number
of pixels comprising the bitmaps, (2) cyclically accumulating a sequential set of these
captured bitmaps for émalysis of the temporal variations being experienced in the pixel
brightness values, (3) examining these sets of bitmaps to identify clusters of Q
contiguous pixels having either a speciﬁed static component or a specified dynamic
component of their temporally varying brightness values, (4) comparing the patterns of
the shapes of these identified, static and dynamic clusters to identify those exhibiting
patterns which are similar to those exhibited by the comparable bright static core and
the dynamic crown regions of flickering open flames, and (5) signaling the detection of
a fire in the monitored area when the degree of match between these identified, static
and dynamic clusters and the comparable regions of flickering open flames exceeds a
prescribed matching threshold value. D |

In another preferred embodiment, the present invention is seen to take the form of
an apparatus for detecéing a fire in a monitored area. This apparatus i11¢prp orates a CCD-
based, video camera preferably operating in the near IR region of spectra with built-in
video processing circuitry that is commercially available. For example, an accumulation
buffer may provide the necessary storage to allow for the further digital filtering of the
camera’s vid_eo signal, which may be accomplished using microcontroller-based,
electronic components, such as video decoders and digita] signal processor (DSP)

chips.
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It is therefore an object of the present invention to provide a fire detection
method and apparatus that minimizes the occurrences of high rates of false alarms, and the
misdiagnosis of true fires.

It 15 another object of the present invention to provide a fire detection method
and apparatus that can accurately monitor fires at a long distance from the detector,
say up to approximately two hundred feet, when the signal to noise ratio for the prior
art detectors would be small.

It is a yet another object of the present invention to provide a fire detection
method and apparatus who se ability to detect fires is less dependent on different fire

conditions, such as with different levels of fire temperature, size, position relative to

- - the detector, fuel and interfering background radiation.

It is a further object of the present invention to provide a fire detection method
and apparatus based on distinguishing the flickering crown and static core regions of
an open flame. "

These and other objects and advantages of thie present invention will become
readily apparent as the invention is better understood by reference to the accompanying

drawings and the detailed description that follows.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates the various forms of data that are encountered and analyzed
using a preferred embodiment of the present invention.

FIG. 2 lS a flow chart showing the various process steps carried out in one’
embodiment of the present invention. |

FIG. 2a illustrates a typical bitmap pattern of the present invention, where the

dynamic and static component pixels have been filled, respectively, with diagonal

" hatching and cross hatching,

FIG. 3 illustrates how data flows through the various elements comprising an
embodiment of the present invention in the form of a fire detecting apparatus.
- FIG. 4 illustrates the details of the memory organization within a data

accumulation buffer of the apparatus referenced in FIG. 3.

FIG. 5 illustrates the computational, hardware architecture for the apparatus
referenced in FIG. 3.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawiﬂgs wherein are shown preferred embodiments and
wherein like reference numerals designate like elements throughout, there is shown in FIG.
2 an embodiment of the present invention in the form of a method for detecting fire in a
momnitored area. « |

This meth'od is generally seen to comprise the steps of. (a) detecting and
capturing, at a prescribed frequency, video images of fhe.z .monitored area in the form of

two-dimensional bitmaps whose spatial resolution is determined by the number of
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pixels comprising said bitmaps, (b) cyclically accumulating a sequential set of these
captured bitmaps for analysis of the temporal variations in the brightness values
observed at each of the pixels, wherein these temporal variations are expressible in
terms of a static and a dynamic coinponent of the variations in pixel brightness values,
(¢) examining these set of bitmaps to identify a static cluster and a dynamic cluster of
contiguous pixels having brightness values that, respectively, exceed prescribed static
and dynamic threshold magnitudes, (d) comparing the patterns of the shapes of said
identified, static and dynamic clusters to identify those exhibiting patterns which match
to a predetermined matching level those exhibited by the comparable static core and
dynamic, flickering coronal regions of a turbulent, open flame, and (e) signaling the
detection of a fire in the monitored area when the degree of match, between the
identified, stafic and dynamic clusters and the comparable regions of an open flame,
exceeds the predetermined matching level.

| FIG. 1 further illustrates this method by generally illustrating the various forms of
data that are ;encountered and analyzeél using this method. In this embodiment, a digital
video camera provides a means for detectiné and capturing, at a prescribed frequency
(e.g., 16 frames per second) and spatial resolution (e.g., 160 x 120 pixels), video
frames or bitmap images of an area that is to be temporally monitored for the outbreak
of an open flame fire. These frames, Fi, Fy, ... E, are stored in an accumulation
buffer, the storage capacity of which determines the size of the sequential data sets
that are cychically analyzed to identify the presence of an open flame (e.g., an |
accumulation buffer providing storage for 16 frames, with the analysis cycle being of
one second duration). .

This analysis pro cess involves an examination of the temporal variations in the

~ intensity or brightness at each of the pixels that :comprise the respective video frames

or bitmaps. These temporal variations for the various pixels may be quite complex.
However, for the purpose of this analysis, it proves satisfactory to describe these
variations only in terms of the amplitudes of their steady—state or static component and
a specific dynamic component. This is defined to be the dynamic component that is
centered around five cycles per second (i.e., 5 hertz, Hz), since this has been fbund to
be the characteristic frequency component of the intens 1ty fluctuations observed in the

flickering, coronal regions of open, turbulent flames.
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For the purpose of the present embodiment, these measures are computed by
performing a Fast Fourier Transform (FFT) on the temporally varying, pixel
intensities. The measure of the static component is taken to be the zero FFT term,
(ie., mean brightness value), while the sum of the three FFT terms centered around 5
Hz are taken as the measure of the dynamic component. However, similar end results
were obtained when using Digital Signal Processing techniques with Humming |
windows (that is not to suggest that Humming window is the only technique possible).

In addition, the dynamic component can be determined by simply counting how maliy
times the intensity signal crosses its mean value within each analysis cycle. ;

Thus, an intermediate result of each cycle of this analysis are two calculated
bitmaps in which each pixel is assigned the calculated values of the prescribed static
and dynamic components.

The analysis continues, as shown in FIG. 2, by identifying whether any of the
calculated bitmap’s contiguous pixels have either static or dynamic components that
exceed prescribed threshold values. If so, the extent and comparative shapes of such
cé.lculated bitmap regions, denoted as clusters, are noted for still further analysis.

This further analysis is predicated upon the finding that the comparative shapes
of such clusters lie within clearly distinguishable bounds when such clusters are due to
the existence of an open flame within a monitored area. Thus, an analysis of the
comparative shapes of such clusters can be used as a means for identifying the
existence of an open flame within a monitored area.

If the area defined by a specific cluster exceeds a prescribed magnitude, this
area 1s copied and scaled onto a standard 12x12 size bitmap for specific pattern
matching. FIG. 2a shows such a typical bitmap pattern for an open flame, where the
dynamic component pixels have been filled with diagonal hatching while the static
component pixels have been filled with cross hatching. For pattern matching, any one
of a number of standard and well-known techniques may be employed. ;

For example, to calculate a degree of match, one may compute the correlatioil
factors between each bitmap pattern (D dynamic matrix and S static matrix

component) and known matrix pattérns D™ and S that haye been previously

determined by averaging over a large sample of bitmap patterns produced by video
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images of real, open flame fires. Examples of such known matrix patterns for these

12x12 bitmaps are shown below:

For the static component, S™; For the dynamic component, D~
000000000000 005559955500
000000000000 058999999850
000005500000 599999999995
000567765000 799975579997
005678876500 799753357997
056789987650 897530035798
068999999860 765000000567
068999999860 765000000567
056789987650 765000000567
005678876500 592000000295
000567765000 023455554520
000567765000 002333333200

where the matrix’s values have been scaled to the range of 0-9.

Then the product of the two correlation factors for the dynamic and static
components can then be defined as the degree of confidence, C, of the identified
clusters being a fire;

C=DeD xSe§S"

The product of this value and angular. size of the original cluster, S°, can then
be used to determine the degree of danger that particular clusters represent in terms of
being a fire during a specific analysis cycle i: ‘

F=CxS°

For values F that are higher then prescribed threshold value, FIG. 2 indicates
that at stei:) 15 the analysis procedure proceeds with the initiation of a positive -
identification response, as shown in step 17. Ifthe value F' is below the threshold, but
still signiﬁeant, the position of the respective cluster is, as shown in step 16 of FIG. 2,
compared to the results of analysis from previous cycle F'. If the cluster overlaps
with position of another cluster that produced F** velue, the cluster is promoted, as
shown at step 19 of FIG. 2((i. e., its F' value is increased proportionally to F*Sou,

where S, 1s the angular area of the overlap of clusters F' and F*!), This insures that
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smaller but consistent fire clusters still produce positive identification within several
analysis cycles.

This analysis cycle concludes with the storing of the attributes of identified
clusters for later comparison with the attributes (e.g., cluster angular position, fire
danger levels, F) of subsequently identified clusters.

In another embodiment, the present invention takes the form of an apparatus
(1) for detecting fire in a monitored area. FIG. 3 illustrates how data flows through
such an embodiment. It can be seen that the nature of these data flows and their
required computational procedures may be distributed among relatively inexpensive,
microcontroller-based, electronic components, such as video decoders, digital signal
processor (DSP) chips and an embedded microcontroller. In one embodiment of
present invention, a 330 MHz, Pentium-based, personal computer mnning under the
Microsoft Windows operating system was used with a USB TV camera, which was
manufactured by 3Com. Video capture was achieved via standard Windows
multimedia services. The process algorithm shown in FIG. 2 was implemented using a
Visual C++ compiler. It provided the monitoring window that displayed the video:
information captured by the camera.

FIG. 3 shows that a charge coupled device (CCD) digital video camera (10),
preferably operating in the near infrared range, is used to generate a video signal in
form of consecutive bitmap images that are stored in a first-in, first-out' (FIFO)
accumulation buffer (12) that provides the necessary storage to allow for further
digital filtering of the camera’s video signal. An important detail of this apparatus is
the organization of the video data in the accumulation buffer (12) so that it is possible
to use a standard digital signal processor (DSP) chip (14) to produce the dynamic and
static components of the video image.

FIG. 4 illustrates the details of the memory organization within this buﬁ'er. The
entire buffer memory (12) is seen to be broken into paragraphs containing as many
paragraphs as there are pixels in each frame. Every 'paragraph contains sixteen
brightness values from consecutive frames that belong to a given pixel.

Once the buffer is filled, the entire buffer is passed through one or more DSP
chips. For simplicity, two DSP chips are shown in FIG. f4., a low-pass DSP for the

static image component and a band-pass DSP for the dynamic image component. At
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the output of each DSP, every 16-th value in the sequence is selected and, using an
internal index counter, dispatched to the address of a specific pixel position in the
bitmaps. These bitmaps should be allocated in the shared memory accessible by a
microcontroller (16) that is responsible for identifying the occurrence of a fire (1. e;,
steps 7-20 of FIG. 2) and the actuation of a fire alarm.

The computational hardware architecture for such an embodiment of the
present invention is shown in FIG. 5. Tt is based on a commercially, under-
development Video DSP chip (A336) from Oxford Micro Devices, Inc. Such a chip
incorporates a powerful parallel arithmetic unit optimized for image processing and a
standard scalar processor. In addition, it includes 512K of fast, on-chip RAM and a
DMA port that directly interfaces with a CCD image sensor. The control software can
be loaded at startup, via a ROM/Packet DMA port, from programmed external
EEPROM. Activation of fire alarm and fire suppression systems can be achieved via
built-in RS232 or other interfaces. |

This paraliel arithmetic unit will be able to ‘perform DSP filtering to separate
the static and dynamic component of images having resolutions of up to 640 x 480
pixels. The clusters can be identified and analyzed in accordance to the algorithm of
FIG. 2 using the scalar processor of the A336 chip. In case of the positive
identification of an open flame, a signal will be issued via one of the standard
interfaces, such as RS232, to a fire suppression controller, which in turn can activate
fire extinguishers and/or other possible fire-response hardware.

Although the foregoing disclosure relates to preferred embodiments of the present
mvention, 1t 1s understood that these details have been given for the purposes of
clarification only. Various changes and modifications of the invention will be apparent, to
one having ordinary skill in the art, without departing from the si)irit and scope of the

invention as heremnafter set forth in the claims.
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CLAIMS
We claim:
1. A method of detecting fire in a monitored area, said method comprising the
steps of:

detecting and capturing, at a prescribed frequency, video images of said
monitored area in the form of two-dimensional bitmaps whose sbatial resolution is
determined by the number of pixlels comprising said bitmaps,

- cyclically accumulating a sequential set of said captured bitmaps for analysis of
the temporal variations in the brightness values observed at each of said pixels, said
temporal variations being expressible in terms of a static and a dyndmic component of
said variations in pixel brightness values,

examining said set of bitmaps to identify a statié cluster of contiguous pixels
having a static component of said brightness values that exceed a prescribed static
threshold magnitude, ‘

examining said set of bitmaps to identify a dynarhic cluster of contiguous pixels
having a dynamic component of said brightness values that exceed a prescribed
dynamic threshold magnitude, and

co mpa;'illg the patterns of the shapes of said identified, static and dynamic
clusters to identify those exhibiting patterns which match to a predetermined matching
level those exhibited by the compa:rablé static and dynamic regions of the type of fire

for which said area is being monitored.

2. A method of detecting fire as recited in claim 1, wherein said dynamic component
1s chosen as the magnitude of the brightness values being experienced at a frequency
that 1s approximately equal to that of the main frequency exhibited in the turbulent

flickering, coronal region of an open flame.

3. A method of detecting fire as recited in claim 1, further comprising the step of

signaling the detection of a fire in said monitored area when the degree of match,

between said identified, static and dynamic clusters and said comparable regions of
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the type of fire for which said area is being monitored, exceeds said predetermined

matching level

4. A method of detecting fire as recited in claim 2, further comprising the step of:

signaling the detection of a fire in said monitored area when the degree of
match, between said identified, static and dynamic clusters and said comparable
regions of the type of fire for which said area is being monitored, exéeeds said
predetermined matching level,

wherein said identified, static and dynamic clusters are compared with the

patterns exhibited by the comparable bright, static core and the dynamic coronal

regions of flickering open flames.

5. A method of detecting fire as recited in claim 1, wherein said matching comprises
the steps of: scaling said patterns to a bitmap having a specified area, and processing
said scaled bitmaps with a Neural network, pattern recognition algorithm to determine

said level of matching.

6. A method of detecting fire as recited in claim 3, wherein said matching comprises
the steps of: scaling said patterns to a bitmap having a specified area, and processing
said scaled bitmaps with a Neural network, pattern recognition algorithm to determine

said level of matching,

7. A method of detecting fire as recited in claim 1, wherein said video images being
formed by a plurality of video sensors operating in a spectral range that is

characteristic of the type of fire for which said area is being monitored.

8. A method of detecting fire as recited in claim 3, wherein said video images being
formed by a plurality of video sensors operating in a spectral range that is

characteristic of the type of fire for which said area is being monitored.
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9. A method of detecting fire as recited in claim 3, wherein said signaling includes
information regarding the severity of said fire and its position within said monitored

area based on the geometric size and position of said clusters within said bitmaps.

10. A method of detecting fire as recited in claim 6, wherein said signaling includes

information regarding the severity of said fire and its position within said monitored

area based on the geometric size and position of said clusters within said bitﬁlaps.

11.  An apparatus for detecting fire in a monitored area, said apparatus comprising:

means for detecting and capturing, at a prescribed frequency, video images of
said monitored area in the form of two-dimensional bitmaps whose spatial resolution 1s
determined by the number of pixels comprising said bitmaps,

means for cyclically accumulating a sequ eﬁtial set of said captured bitmaps for
analysis of the temporal variations in the brightness values observed at each of said :
pixels, said temporal variations being expressible ih terms of a static and a dynamic
component of said variations in pixel brightness values,

means for examining said set of bitmaps to identify a static cluster of
contiguous pixels having a static component of said brightness values that exceed a
prescribed static threshold magnitﬁde, ‘

means for examining said set of bitmaps to 1dentidy a dynamic cluster of
contiguous pixels having a dynamic component of said brightness values that exceed a
prescribed dynamic threshold magnitude, and

means for comparing the patterns of the shapes of said identified, static and
dynamic clusters to identify those exhibiting patterns which match to a predetermined
matching level those exhibited by the comparable static and dynamic regions of the

type of fire for which said area is being monitored.

12.  An apparatus for detecting fire as recited in claim 11, wherein said dynamic
component is chosen as the magnitude of the brightness values being experienced at a
frequency that is approximately equal to that of the main frequency exhibited in the

turbulent flickering, coronal region of an open flame.
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13. An apparatus for detecting fire as recited in claim 11, further comprising:

means for signaling the detection of a fire in satd monitored area when the
degree of match, between said identified, static and dynamic clusters and said
comparable regions of the fype of fire for which said area is being monitored, exceeds

said predetermined matching level.

14. An apparatus for detecting fire as recited in claim 12, further comprising:

means for signaling the detection of a fire in said monitored area when the
degree of match, between said identified, static and dynanﬁc clusters and said
comparable regions of the type of fire for which said area is being monitored, exceeds
said predetermined matching level, :

wherein said identified, static and dynamic clusters are compared with the
patterns exhibited by the coniparable bright, static core and the dynamic coronal

regions of flickering open flames.

15.. An apparatus for detecting fire as recited in claim 11, wherem said matching

comprises the steps of. scaling said patterns to a bitmap having a specified area, and

- processing said scaled bitmaps with a Neural network, pattern recognition algorithm to

determine said level of matching,

16. An apparatus for detecting fire as recited in claim 13, wherein said matching
comprises the steps of: scaling said patterns to a bitmap having 2 specified area, and
processing said scaled bitmaps with a Neural network, pattern recognition algorithm to

determine said level of matching.

17. An apparatus for detecting fire as recited in claim 11, wherein said video images

being formed by a plurality of video sensors operating in a spectral range that is

characteristic of the type of fire for which said area is being monitored.

- 18. An apparatus for detecting fire as recited in claim 13, wherein said video images

being formed by a plurality of video sensors operating in a spectral range that is

characteristic of the type of fire for which said area is being monitored.
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19. An apparatus for detecting fire as recited in claim 13, wherein said signaling
includes information regarding the severity of said fire and its posttion within said
monitored area based on the geometric size and position of said clusters within said

bitmaps.

20. An apparatus for detecting fire as recited in claim 16, wherein said signaling
includes information regarding the severity of said fire and its position within said
monitored area based on the geometric size and position of said clusters within said

bitmaps. :



CA 02376246 2002-01-18

WO 01/97193 PCT/IB01/01345
1/6

PIXEL INTENSITY VS. TIME

0 l“’l F(Hz)

' FLICKER FREOUENCY
RANG \
STATIC

DYNAMIC
COMPONENT OF COMPONI
THE RASTER THE%%].ESI%EI? :




CA 02376246 2002-01-18

WO 01/97193 PCT/IB01/01345

>

2/6

NEXT FRAME [<( A)
CUT OUT THE

MAP CONTAINING
THE CLUSTER
TCHNEXT/. | FRAME
/ FRAME TO STACK (32)
THE STACK
DATA

AND SCALE

IDENTIFY THE
DEGREE OF
CONFIDENCE
THAT CLUSTER
MIGHT BE A
FIRE F

CHECK IF

PROCESS EVERY
PIXEL INTENSITY . gllzglgjl}(gélg
OVER SET OF CLUSTER
FRAMES FROM | AT THAT
THE STACK BY FFT HIGH MOD | OVERLAPPED
WITH THIS ONE

CREATE THE IMAGE
MAP WITH DYNAMIC

(D) AND STATIC (S) POSITIVEL Y
COMPONENTS IDENTIFIED: (™
SYSTEM
FOR EACH
ORRACH RESPONSE
THE MAP
CLUSTER BY
FOR Dtk INCREMENTING
WHERE ITS DEGREE
BOT OF MATCHF
C%ONENTS STF%%E
HIGH CLUSTER
ATTRIBUTES
A YES| EXPAND THIS
—>( PIXELTOFIND |-(B ]
- |CLUSTER, MARK
R0 PIXELS USED

NEXT
PIXEL

DONE

RESET FRAME
STACK CLEAR
STORED

CLUSTER
ATTRIBUTES
OLDER THAN

ONE CYCLE FI G 2




CA 02376246 2002-01-18

WO 01/97193 PCT/IB01/01345
3/6




CA 02376246 2002-01-18

WO 01/97193 PCT/IB01/01345

4/6

.f

12 - 14

DIGITAL

FILTERING

CAMERA

L S D A5 B Gl Y R D SRS A el B w e TS P M S At Al A0S Gl B SUR UED Ehb Guit bub (G DUF U Guit Akt fuy Goff WE) EEN G VD G Sl AME fend ey dun UEE DD Gm U G GED GO b Gand Smd SN0 N G GEN SED SED B Sy e 0w SO0 GEN M SN SUW SED GEN B0 And Amd And WR S ER S 6w e W T

EMBEDDED MICROCONTROLLER

PATTERN
RECOGNITION

DYNAMIC
COMPONENT ¢}

IMAGE ‘ CLUSTERS/
ATTRIBUTES
TEMPORARY
STORAGE

THRESHOLD
S YO TEM
RESPONSE
ALARM/
ACTUATOR

FIG. 3



CA 02376246 2002-01-18

PCT/IB01/01345

WO 01/97193

5/6

- SU0IVILL)Y

ANV WIVTV

JHTIOYLINOD
~OUDIN

NOLLVOHLINAAI
Hdld

HO'TVA HI9T

AYHAH LOHTHS

7 DI

HIOVINL INHNOdINOD DINVNAQ

R e O X G

HOVIALLNENOANOD JIIVLS

OI'N)d CTDIID

[

(DLIVLS)

dsSd AN
SSVd-MOT

HY'TVA H191
ASHAH LOHTHS

"THX1d HOVH Y04
SHO'TVA HNVIH

(O | Od | (M | (©d | @4 | D

AT ST V7O T | \XORT | NPAT

<

@0d|a2d|0IDd_____ [ D] Dd

dHAH0ET NOLLVINIANNDIV




CA 02376246 2002-01-18

WO 01/97193 PCT/IB01/01345
6/6
CCD SENSOR |
VDSP CHIP
VIDEQ/PACKET
DMA PORT
PARALLEL ” 512 K SRAM

ARITHMETIC UNIT

. INTERRUPT
CONTROLLER/
SCALAR
PROCESSOR

64 POINT PATTERN
MATCHING
COPROCESSOR

BUFFERED
"~ PACKET/ROM
DMA PORT

RS232 AND OTHER
INTERFACES

EXTERNAL
FLASH EEPROM

FIRE
EXTINGUISHERS

| FIRE SUPPRESSION
CONTROLLER

FIG. 5



PIXEL INTENSITY VS. TIME

0 F(Hz)
FLICKER FRE%UENCY
RANG

STATIC DYNAMIC
COMPONENT OF COMPONENT OF
THE RASTER ~ THE RASTER




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - abstract drawing

