Vi deo snoke detection system Description 26 March 2005 5 The invention is
in the field of snoke detection using a video inmage. In residential and

i ndustrial buildings, warehouses, nmuseuns, churches and simlar buildings,
snmoke detection is by snoke detectors which are fitted to the ceiling of

the room and are based, for instance, on the principle of Ii

scattering or |ight reductionVislgossrmioke datectiensyistem hand, | r%glr}g?rlc}\}vazeosor
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fire woul d reach snoke detectors whilRdscaiptionitted to the roof within a
useful tinme. Today, therefore, so-called |I|inear heat detection systens,
such as the Fi broLaser system of Sienens Building Technol ogies AG
Cerberus Division, are used for fire nonitoring in tunnels. 15 Very
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screens. Monitoring can only be done by automatic analysis of the video images, if at all.

20 Ina known method for automatic investigation of video images for the appearance of

smoke, the intensity values of the individual pixels of successive images are compared

with each other. If intensity values which are typical of a brighter image caused by the

presence of smoke are measured, the presence of smoke is assumed and the alarm is

raised.

25  With this method, there is the problem, among others, that smoke in front of a bright
background is not recognised, and even fire which generates little smoke is not detected.
Additionally, changes of brightness such as are caused, for instance, by persons moving
through the field of view of the camera, can trigger a false alarm. One attempt at solving
this problem was to investigate an outer area as well as the actual area to be monitored,

30 and if there are changes in this outer area, to interrupt the observation of the area to be
monitored. This method has the disadvantage that in some circumstances a fire is only
detected after a certain delay, and that smoke sources in the outer area which is provided

in addition to the area to be monitored are not detected.




The present invention concerns a video snoke detection systemwth at |east
one device for taking video imges, and with a signal processing stage, in
whi ch the brightness of individual pixels or groups of pixels of the video
i mges is determ ned. The object of the invention is to provide a video
snoke detection system which makes 5 quick, reliable detectiongaf,sHBEEs
possible, and is particularly suitable f@ use in road and railway
tunnel s. The snoke should be detected at as early a stage as possible of
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20 invention is characterised in that for each pixel the edge value is compared with a mean

value, and that from this comparison a counter image, so called below, is obtained, and

indicates the behaviour of the edge value over time reiative to the mean value.

Preferably, the counter image, which indicates how often the brightness of the relevant
pixel, on average over a specified period, has been above the stated mean value, is '
25 updated at every comparison of the edge value with the mean value.

The counter image is compared with a threshold, and if this threshold is exceeded an
initialisation value is added to a current vaiue.

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



26 March 2005 occur al nost exclusively because of noving objects between
the relevant edge and the canera. Since such objects do not suddenly

mat eri al i se, but al nost al ways have noved to the place where they cover
the edge, it can be assuned that in the case of an edge covering which is
not caused by snoke, inmediately previously a novenent of the sghjigch 2805
covering the edge nust have taken place 3Movenent detection thus provides a
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system according to the invention is characterised in that three data
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20  Afourth, preferred embodiment of the video smoke detection system according to the
invention is 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 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 is re-initialised for each iteration.

A fifth, preferred embodiment of the video smoke detection system according to the
invention is characterised in that the image and the edges are analysed pixel by pixel,
and the bit mask is analysed for groups, called blocks below, of multiple pixels.

A sixth, preferred embodiment of the video smoke detection system according to the

30 invention is 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, and a second path for creating the bit mask. This second
path includes the movement detection.




4 26 March 2005 According to a seventh, preferred enbodi nent of the video
snoke detection system according to the invention, the second path al so

i ncl udes checking the blocks for saturation of the device for taking the
vi deo i mages. Bl ocks with a specified nunber of saturated pixels are
narked and not taken into account for the analysis of the coun gq&mcﬁzbgyge
of the edges. Another preferred enbodi merdt of the video snoke detection
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val ues of the video smoke detection system according to the invention,
Fig. 5 shows a flowchart to explain the functioning of a second embodiment of a
20 video smoke detection system according to the invention.

The video smoke detection system according to the invention, according to Fig. 1,
consists essentially of a number of video cameras 1 and a common processor 2, in which
the signals of the video cameras 1 are processed and analysed. The videc cameras 1 are
installed, for instance, in a road tunnel, and are used for traffic monitoring, for instance to
25 monitor conformity to traffic regulations and to detect formation of traffic jams, accidents,

etc. The cameras are linked to a manned operation centre, in which traffic events in the
tunnel are observed on monitors. The processors 2 are in a decentralised arrangement, in
which a certain number, for instance 8 or 10 cameras, are assigned to a common

processor 2.

30 Inthe processor 2, the video images are decomposed into pixels, brightness values are
assigned to the individual pixels and/or groups of them, and the decision about the
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 giobal




pixels with a reference value. In the assignnent of brightness values to
the individual pixels or pixel groups, it is essential that this

assi gnment shoul d be i ndependent of global 5 26 March 2005 bri ght ness
changes, that is changes of the lighting of the whole inmage. This
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and t 1 i ,Watng rgagiaEngonz he edge vaIues Ki; of the :ndw:duai pixels can be determined,
for instance, by applying a Roberts or Sobel operator. However, it is of course passible to
use a more complicated operator for the edge calculation, and to apply it to larger areas

such as 5 x 5 or 7 x 7 pixels.

The edge value K;; is then tested for whether it is above the mean value or median. If

25 YES, a number By, is added to a value Z;; and the old value Z; is replaced by the new
one. If NO, a number &, is subtracted from a value Z,; and the old value Z;; is replaced
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 calied the counter

30 image below. The value range of Z; is, for instance, 0 to 255, and the initial value of Zi;
when the system is initialised is 0. The numbers &y, and 8,,, 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




when the systemis initialised is 0. The nunbers 51 and b, pp can be equal
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20 covering in Fig. 3. In the case of covering, the initialisation value L,° is redefined. The
quotient Z,/%,” is then formed and compared with a smoke threshold Sg. If this quotient is
below the smoke threshold and therefore edges are weakened or have disappeared, the

alarm is raised.

The comparison of the quotient £/Z,° with the smoke threshold Sg is absolutely sufficient

25  for precise smoke detection with no false alarms, provided that sharp edges in the
foreground move translationally, which as a rule is always the case in tunnels. For smoke
detection in road or railway tunnels, therefore, a system with the functions shown In Figs.
2 and 3 will be used.

The circumstances are different in the case of smoke detection in interior spaces in which

30 people stay. It has been established that people who stay in one place and converse with
each other carry out a kind of oscillating or backward and forward movement on the spot,
and in contrast to a translational movement, this never drops out of the counter image Z;;.
Movements of textures or patterns are also a problem.
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Fig. Bow fThe uefersiaGmade which supplies the number of changed pixels in the sub-areas is a

binary image. This binary image is gone over with a pattern, and the pixels which

correspond to the pattern are given the value "1". The end of the movement is indicated

by the sub-areas disappearing from the image in succession and the edges decreasing.

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 paint 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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algorithms. Given hysteresis with suitable parameters, an edge which is caused by noise

will not appear in the counter image, and an edge will not disappear because of a single
noisy image. The following relationships also apply: The difference between the lower and
bottom values gives the number of successive individual images above which a feature or

25 event, for instance an edge, must be present to be detected, and the difference between
the top and upper values gives the number of successive individual images after which, if
the counter value is decreasing, the event disappears. Since this number of individual
images corresponds to a particular time span, these time spans represent a

measurement for the reaction time of the algorithm.

30 The analysis which is shown in the flowchart begins with an edge detection 5, using a
method 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:
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novenent detection 7 takes place. For this, for instance, an algorithm
based on nampardiiesRahe Eags detetlicdl Rimomrment detedtioral thkes piachr Bardhig, fot0 as

follows: Nornmalised cross-correlation is: (Formula 1) Small .areas of the
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pi xel s1@r easclolmsavgler ed as vector x. The sane area of the subsequent inmage at
time t+1 is designated vector y . If the area has not changed at all, x =

y and the quotient 15 according to I-‘Igr la 1 has the value 1. A change in
thi s ar ea N@tallsehaogs correatipmas:i ent—gu%_ 50t hat(Foleuldegree of this change can
be used as a neasurenent of the int MHI y of the change in the area. For
adaptation to the processor which is used, in Fornula 1 the nunerator and
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anal ogously to 20 the nornmalised cross-correl ation according to _Fortmljlisa 1.

If the nurféfel ¥ GoBSSREErasVeclr rd(iBFaRe e of hiraHbpRadeat grgedigme
cor r esponeBgnaieBdebdr TRNKAE arsRlenbt CHaMER%tN, ¥ = 7 and the quotient

15 according to Formula 1 has the value 1. A change in this area would change the quotient,
so that the degree of this change can be used as a measurement of the intensity of the

change in the area.

For adaptation to the processor which is used, in Formula 1 the numerater and
denominator are multipiied by factors, and the resulting products are noted analogously to

20 the normalised cross-correlation according to Formula 1. If the numerator is smaller, a
movement has taken place and the corresponding area is marked. Sudden changes to
the light or lighting conditions affect both sides of the inequality approximately equally, so
that the described movement detection is immune to uniform changes in the image. In
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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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 Y_ {c) = Z(c‘._j > 1), which counts the

if
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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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 cne 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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4. Snoke detection systemaccording to Claim3, characterised in that the
vi deo i mages Smoke detection system according to Claim 2, characterised in that the counter

image (Z;, 6) is compared with a threshold (S;), and if this threshold (S;) is exceeded
an initialisation value (Z.°) is added to a current value.

4, Smoke detection system according to Claim 3, characterised in that the video images
(A) which have been taken are investigated for the presence of new edges, that the
presence of new edges is concluded by means of a correlation calculation on counter
images (Z;;, 8) which are separated in time, and that if new edges are present the
initialisation value (X,°) is redefined.

5. Smoke detection system according to Claim 3 or 4, characterised in that a quotient is
formed from the current value (Z,) and the initialisation value (%) and compared with
a smoke threshold (Sg), and if it exceeds the latter, an alarm is raised.

g. Smoke detection system according to Claim 2, characterised in that an investigation
of the video images (A) for movements, called movement detection (7) below, takes
place.

7. Smoke detection system according to Claim 6, characterised in that edge values are
determined and movement is detected {7) on the basis of counter images (6, 11),

which are continuously updated using a hysteresis algorithm.
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(7).

13.  Smoke detection system according to Claims 11 and 12, characterised in that the
second path also includes checking the blocks for saturation of the device for 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.

14. Smoke detection system according to Claim 13, characterised in that by using a
mask, arbitrary sections of the image can be excluded from the analysis.

13. Smoke detection system according to Claim 14, 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}

16. Smoke detection system according to Claim 1 5, characterised in that on the basis 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



(7). 13. Snoke detection systemaccording to Cains 11 and 12,
characterised in that the second path also includes checking the bl ocks
for saturation of the device for taking the video inages. Blocks with a
speci fied nunber of saturated pixels fre mar ked and not taken into account
for the analysis of the counter inmage (6) of the edges. 14. ngﬁﬁagﬁg%@gion
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(13), the counter imge of the edges (6) is changed so 14 26 March 2005
that the edge evaluation is largely immune to effects which may interfere
wi th snoke detection (13). 17. Snoke detection systemaccording to Caim
16, characterised in that before deciding about the presence of snoke,
there is a test (12) for whether a sufficient nunber of edges for such a
decision is present.




