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Preferably, the counter image, which indicates how often the brightness of

the relevant pixel, on average over a specified period, has been above the
vstated nean value, is 25 updated at every conparison of the edge value with
the mean value. The counter image is conpared with a threshold, and if this
“threshold is exceeded an initialisation value is added to a current val ue.
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first path | i S Ser KRR slafed fAgan VRS, |gnd
updati ng théaéléltgg a&géagﬁ c{‘@r%{%?ga %?r}ggéﬁ% g%%u?é edges,S aand aaseconclI pat h
for creabi ngpdadied bt everasRmpFrsan efdbe adgpualue Wb ithrieean Nalufpyenment
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The counter image is compared with a threshold, and if this threshold is exceeded an

initialisation value is added to a current value.

A third, preferred embodiment of the video smoke detection system according to the
invention is characterised in that in addition to the edge extraction process an
30 investigation of the video images for movements, called movement detection below, takes

place.

In road and railway tunnels, to monitor which the system according to the invention is
primarily intended, the covering of the edges, insofar as it is not caused by smoke, will



According to a seventh, preferred enbodi nent of the video snoke detection
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according to the invention, Figs. 2-4 each show a flowchart to expl ain the
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in a corridor. In both cases) a certain inmage area is covered by the
object, which is called 2 0 covering in Fig. 3. In the case of covering,
the i'nitialisation value Ex is redefined. The quotient FX Ex is then forned
and conpared with a snmoke threshold SR If this quotient is bel ow the snoke
" threshol d and therefore edges are weakenegl or have di sappeared, the alarm
is raised. The conparison of the quotient FXFx with the snoke threshold SR
. i's absol ut ehycosdifd toca seenth, préferedembodimestroktbe dateocmake detédtionsystahse

alarms, provided th sharp edges in.the for rans| ational |y,
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movenents t gksespdrace. It is assumed that an object which covers an edge
has not suddenly appeared in this position, but has noved to it. A further
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presence of smoke is made on the basis of a comparison of the brightness values of the
pixels with a reference value. In the assignment of brightness values to the individual

pixels or pixel groups, it is essential that this assignment should be independent of global



must both be taken into account and be distinguished fromeach other. There
are very 8 fast effects in the sub-second range, such as trenbling of the
_camera caused by a lorry noving past nearby, which can be elininated by
formng a sliding nmean value. There are nediumfast events, such as are
" caused by snoke for instance. These are agproxinmately in the 10 second
range, because the snoke takes about 10 seconds to reach the place 5 where
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by the new one. The value Z;; is a number which indicates how often the edge value and
thus the brightness of the relevant pixel has been on average above a specified threshold
(mean value or median M;;) over a specified period. This number Z;; is called the counter

30 image below. The value range of Z;; is, for instance, 0 to 255, and the initial value of Z;;

when the system is initialised is 0. The numbers ,w and 8y, can be equal or different; for

instance, they can both equal one.

The counter image Z;; has a special advantage with respect to the effect of movements
on the edge values. If an object moves through the image, at least one edge also moves
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Fig. 5 shows a flowchart of a second embodiment of the video smoke detection system
25 according to the invention. This is outstanding in particular for high robustness against
interference and high reliability of smoke detection. The image being observed is marked

in Fig. 5 with reference A.

Here are some general explanations before the flowchart is described: Since the edges
can be covered not only by smoke but also by objects between the camera and the

30 relevant edge, an additional investigation of the observed image for movements takes
place. It is assumed that an object which covers an edge has not suddenly appeared in

this position, but has moved to it.

A further point to be noted for smoke detection is that of the various time frames which
must both be taken into account and be distinguished from each other. There are very
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retai ned b%‘é’ﬁ%’a which is based, for instance, on a Sobel operator. The algorithm analyses the
brightness of each pixel of each individual image, and follows the history of the scene
using the counter image 6, which is updated by the above-mentioned hysteresis

algorithm. Two values are calculated for the environment of each pixel:



2 .5 successive iterations of the process, and the bit nmask (8) is
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this way, a map of the current image in 4 by 4 pixel blocks is obtained.

25 The next step is the calculation of the blocks which should not be taken into account in
the analysis of the counter image 6 of the edges. All blocks (of a certain number of pixels,
for instance four by four, in the image) in which events which have a negative effect on
the smoke detection algorithm have occurred should be detected. These blocks produce
a bit mask 8, which is represented as a counter image of 1/16 the size of the full image.

30 The size of the blocks is determined by the blocks which are considered for movement
detection, but can be changed.
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° In areas of saturated pixels, there are no edges. Edges which were originally

detected disappear if the relevant area goes into saturation.

10 For this reason, in a saturation test 9, each area is tested by comparison with a limiting
value for whether a specified number of pixels is saturated. If yes, the relevant block is
also marked. To prevent moving objects showing "holes", because the movement
detection only detects parts of a moving object, an extension operator 10 which fills any
holes is applied to the bit mask 8.

15 The bit mask 8 which is calculated in the movement detection 7, saturation test 9 and
extension operator 10 steps is now used to update the counter image for the exclusion
process 11 (exclusion of image areas which are not to be taken into account for smoke
detection). The hysteresis mechanism which is described above is applied again.

At this point of the algorithm, two counter images are present, the updated counter image
20 6 of all pixels where edges have been detected, and the updated counter image 11 of all
blocks which are to be excluded. The latter counter image is now used, together with a
parameter, to change the counter image 6 in such a way that reliable edge evaluation,
which is not affected by anything which may interfere with smoke detection, becomes
possible. Each block in the counter image 8 is compared with a threshold. If the value of
25 the block is above this threshold, all pixels in the counter image 6 are set to a minimum
value. From the counter image 6 of the edges, two quantities which represent the number
of edges at different times are now calculated. The first quantity is the number of pixels in
the presently existing edges above a first threshold. The second quantity is the number of
pixels above a second threshold. This second threshold can broadly be interpreted as the
30 number of pixels in edges which existed at a past point in time.

To calculate these two quantities, a function > () = 3 (e, > 1), which counts the
ij

number of pixels ¢;;in the image of the counters with a value above a threshold /, is
defined. Using this function, the two quantities can now be calculated. The number of
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10 whether enough edges are present for this decision to be possible. This test is necessary
for the case in which, for instance, a large lorry is standing directly in front of the camera
and the image shows no edges. Since in this case it is impossible to detect a fire, an
interference signal should be triggered, indicating that the algorithm cannot work in
present circumstances. To delay further action briefly and to be less sensitive to noise, an

15 interruption value, which can be either zero or greater than zero, is used. In the latter
case, the absence of enough edges was detected just previously.

If less than the number of pixels corresponding to a minimum number of edges are
present, two actions can take place: If the interruption value is already not equal to zero, it
is decreased, and if it reaches 1, an interference signal is triggered. On the other hand, if

20 the interruption value is zero, it is increased to a value greater than zero. If enough edges
are present, the interruption value is set to zero and processing continues.

If a number of edges which is sufficient for reliable detection of smoke is present, the
decision about the presence of smoke takes place in Step 13, on the basis of the average
sum and difference of the edges. The difference is multiplied by a parameter and

25 compared with the sum. If the sum is greater, there is no smoke; otherwise, the alarm is
raised. In both cases, the processing of the current image ends and the processing of the
next one begins.

The alarm can be raised, for instance, by an appropriate alarm being indicated in a
manned alarm or monitoring centre, to which the relevant camera is connected. This

30 causes the operating personnel to analyse the image which the camera supplies in more
detail by eye. This centre can be, for instance, a police or fire brigade centre in a city or

regional base, or the command centre of a road tunnel.
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occurrence of smoke.

10 2 Smoke detection system according to Claim 1, characterised in that the brightness
of the pixels is determined by an edge extraction process (5), in which an edge

value (Kij) is assigned to each pixel.

3. Smoke detection system according to Claim 1, characterised in that the brightness
of the pixels is determined by a frequency analysis, preferably a wavelet analysis,
15 in which an edge value (K;;) which is determined by high pass filtering is assigned
to each pixel.
4, Smoke detection system according to Claim 2, characterised in that for each pixel

the edge value (K;) is compared with a mean value (M;j), and that from this
comparison a counter image (Z;;, 6), so called below, is obtained, and indicates
20 the behaviour of the edge value (K;) over time relative to the mean value (M,)).

5. Smoke detection system according to Claim 4, characterised in that the counter
image (Z;;, 6), which indicates how often the brightness of the relevant pixel, on
average over a specified period, has been above the stated mean value (M;)), is

updated at every comparison of the edge value (K;;) with the mean value (M,)).

25 6. Smoke detection system according to Claim 5, characterised in that the counter
image (Z;;, 6) is compared with a threshold (Sz), and if this threshold (Sz) is
exceeded an initialisation value (Z,°) is added to a current value.

7. Smoke detection system according to one of Claims 4 to 6, characterised in that
the video images (A) which have been taken are investigated for the presence of
30 new edges, that the presence of new edges is concluded by means of a
correlation calculation on counter images (Z;;, 6) which are separated in time, and

that if new edges are present the initialisation value (Z,°) is redefined.
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5 9. Smoke detection system according to Claim 2, characterised in that in addition to
the edge extraction process (5) an investigation of the video images (A) for
movements, called movement detection (7) below, takes place.

10. Smoke detection system according to Claim 9, characterised in that edge values
are determined and movement is detected (7) on the basis of counter images (6,
10 11), which are continuously updated using a hysteresis algorithm.

11. Smoke detection system according to Claim 10, characterised in that the
hysteresis algorithm has a minimum value and a maximum value, and two
thresholds between them, and that when counting upwards, the counter image
jumps to the maximum value when the lower threshold is passed, and when

15 counting downwards, it jumps to the minimum value when the upper threshold is
passed.

12. Smoke detection system according to one of Claims 9 to 11, characterised in that
for movement detection (7), an algorithm based on normalised cross-correlation is
used.

20 13 Smoke detection system according to one of Claims 9 to 12, characterised in that
three data structures are used, one data field with information about the edges
which are present in the relevant image, one data field with a bit mask (8) to
exclude image areas which are not to be taken into account for smoke detection,
and the observed image itself. The edges and the image are retained between

25 successive iterations of the process, and the bit mask (8) is re-initialised for each

iteration.

14. Smoke detection system according to Claim 13, characterised in that the image
and the edges are analysed pixel by pixel, and the bit mask (8) is analysed for
groups, called blocks below, of multiple pixels.

30 15. Smoke detection system according to Claim 13 or 14, characterised in that the
data is processed on two paths, a first path for calculating the edges which are

present in the image and updating the data which is already present about edges,
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5 taking the video images. Blocks with a specified number of saturated pixels are

marked and not taken into account for the analysis of the counter image (6) of the
edges.

17.  Smoke detection system according to Claim 16, characterised in that by using a
mask, arbitrary sections of the image can be excluded from the analysis.

10 18. Smoke detection system according to Claim 17, characterised in that the bit mask
(8) which is created on the basis of movement detection (7) and the check for
saturation (9) is used to update the counter image (11) to exclude image areas
which are not to be taken into account for smoke detection (13).

19. Smoke detection system according to Claim 18, characterised in that on the basis
15 of the counter image (11) for exclusion of image areas which are not to be taken
into account for smoke detection (13), the counter image of the edges (6) is
changed so that the edge evaluation is largely immune to effects which may
interfere with smoke detection (13).

20. Smoke detection system according to Claim 19, characterised in that before
20 deciding about the presence of smoke, there is a test (12) for whether a sufficient
number of edges for such a decision is present.



