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(54) FIRE SENSOR APPARATUS.

@ A fire sensor apparatus is provided with a fire sensor
which has a built-in microcomputer and in which fire
detection levels can be varied according to changes in
environmental conditions {noise level) in the area in which it
is installed. A signal from a sensor (1) is digitized in an A-D
converter (3) and is input to a comparator (12}). A CPU (5)
determines the current time from a clock {4} and removes
from a memory accumulated data on operating leveland
noise level at the corresponding time in the past. The CPU (5)
sets an operating level for the time concerned by executing a
predetermined calculation, and compares this operating
level with the signal from the sensor (1). An abnormal state is
indicated at (14) or the accumulated data is renewed,
according to the result of the comparison. Thus it is possible
to set an appropriate operating level according to changes in
noise level. and fire detection can be effected with a suitable
detection sensitivity.
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SPECIFICATION

TR MODIFIED

FIRE SENSING APPARATUS

The present invention relates to a fire sensing
apparatus, and more particularly it relates to a fire
sensing apparatus haviﬁg a microcomputer built-in to the
fire'sensing means whereby a fire detecting level is varied
in response to variations in the environmental conditions

at the installation site so that a fire can be continuously

detected with an appropriate fire detection sensitivity.

Environmental conditions at the site of installing
a fire sensing means is different according to time period,
day of the week or the seasons. 1In considering this matter
in terms of a normal room of an office, where in cotrast to
the daytime where people are going in and out causing dust
to float in the room, at night there is little dust floating
in the room because there is no one in the room. Also,
even during the same day, during these times when many
people go in and out, such as opening hours, closing hours,
lunch time etc. the amount of floating dust is naturally
increased compared with times other than these. Further,
whereas there is much floating dust in commuting areas
during normal work periods from Mondays to Saturdays, the
amount of floating dust is remarkably decreased on Sundays

because the coming and going of people are few except at
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weekend resorts. If, as is conventional, a smoke type fire
sensing means such as an ionization type or a light scatter-
ing type operable, for example, at 10 % smoke density is
installed in such a commuting area, this sensing means will
operate at a smoke density of about 10 % because there is
little floating dust at night or on Sundays in the area, but
on the contrary the fire sensing means will actually 6§erate
for a smoke density of 10 % down to a few % because there is
so much floating dust in the daytime from Monday through
Saturday that this amount of floating dust is equivalent to
a few 3 of smoke density, and therefore the smoke density
for operating the fire sensing‘heans in the daytime is
different from that in the nighttime.

Moreover, when considering seasonal room temper—~
atures, in the summe£ period, the room temperature is
kept at about 25°C by coolers operating in the daytime, but
the room temperature rises up to aobut 30°C when the coolers
are stopped at night, ahd in the winter, the room temperature
is kept at about 20°C by heaters operating in the daytime,
but lowers to mearly 0°C when the heaters are stopped at
night. 1In cases where a fixed temperature type fire
sensing means operating at 70°C is set up in such a room,
this fire sensing means will operate after an increase of
room temperature of about 40°C on a summer night, but an

increase of about 70°C is necessary on a winter night.
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Thus, regarding a conventional fire sensing means
having a fixed fire detection sensitivity, because of the
environmental conditions which vary according to time period,
day of the week and seasons of the place of installation,

5 its relative fire detecting sensitivity varies from time to
time, and it is not able to detect a fire at a continuocusly
constant sensitivity, agd consequently, false alarms,
delayed alarms or failure alarms will occur. This holds
true even for fire sensing means for catching gas, light

10 etc. which are generated besides smoke and heat in case of
a fire. Moreover, there is also a conventional fire
sensing means having 2 or 3 measuring levels which is used
by switching said levels. 1In this case, however, there are
very many problems such as the following. A receiver

15 having a timer is set’ to a previously scheduled time period
such as dayﬁime and nighttime, and set so as to continuously
keep the sensitivity by automatically switching the sensi-
tivity with a command signal from the receiver. However,
there are very many problems such as even if the sensitivity

20 is previously set for the variation in the environment in
which the fire sensing means is to be installed, the best
sensitivity level is not always obtained, and when the
intended use of the place of installation or the partition-
ing of the room is changed or when there is remarkable

25 environmental variations such as the seasons and the 1like,
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the setting of the sensitivity level must be modified each
time. Taking account of such the matters as above, it is
an object of the present invention to obtain a fire sensing
épparatus which can detect fire with a continuously appro-
priate fire detecting sensitivity by means of varying fire
detection level in.response to the variations in the
environmental conditions at the place of installation by
the computation of a CPU.

For this purpose, the fire sensing apparatus of
the present invention has a microcomputer built in, physical

amounts of phenomena similar to a fire phenomenon which are

‘noise components periodically measured by the microcomputer,

and are stored as accumulated data, and the amount of

" environmental noise, for example the average of the noise

components, being forecast at the moment at each time period
or at each time period for the days of the week on the
basis of previously stored data, and then the fire detecting
level is varied at each time period by determining the set
sensitivity corresponding to the average values of said
noise components, thereby eliminating the variations in
fire detection sensitivity.

Now, one embodiment of the present invention will
be concretely explained with reference to the drawings.

Fig. 1 is a block diagram illustrating the basic

construction of a fire sensing means according to the present
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invention. -In Fig. 1, the construction of the fire sensing
means currently on the market can be employed, and there-
fore, only a sensor portion 1 of the fire sensing means and
an amplifier 1' for properly amplifying its output are de-
scribed in this figure. In Fig. 1, 1 is a sensor portion
for producing an analog output by means of detecting phenom-
ena of a fire such as heat,-smoke, light or gas or the phe-
nomena of a fire and temperature change or change in the
amount of dust, 1' is an amplifier for properly amplifying
the output from the sensor, 2 is a sample-hold circuit by
which the analog output as the output value of the amplifier
1' is sampled and held at predetermined time intervals, for
example, every 2 seconds, 3 is an A-D converter which
converts said sample-held analog signal to a digital signal
to be read by CPU 5, 4 is a clock portion, 5 is a CPU which
is the main portion of a microcomputer, 6 - 9 are respec-
tively a lst through a 4th memory, and 10 is a signal
generating circuit for outputting a fire signal under control
of CPU 5. Here the allocation of the four memories is
explained as one embodiment. The lst memory 6 and the 2nd
memory 7 consist of ROMs. Control programs are stored in
the 1lst memory 6, and a fire recognition lelvel when there is
no noise component, or a temporary reference level at the
starting time point, are stored in the 2nd memory as the

standard value together with the time for storing the data

€

(3K

tC

¢

[ 4 €
(L3



10

15

20

25

and the time for updating the reference value. Also, the

3rd memory 8 and the 4th memory 9 consist of RAMs, and they
are respectively employed asltemporary staring memories. The
3rd memory 8 is employed as a memory for storing a reference
value which is the fire recognizing level, and the 4th memory
9 is employed as a memory for storing the data classified by
a day of the week and time, the storing locations thereof
being shown in Fig. 3.

Next, Fig. 2 is a flow-chart for explaining the
operation of Fig. 1. When a source voltage is provided to
a fireAsensing méans through some power lines or signal and
power lines from a receiver or a transmitter, the fire
sensing means having a built-in microcomputer starts its
function.

CPU 5 starts the operation according to the steps
shown in Fig. 2 by means of control programs in the 1lst
memory 6. In the lst step S1, CPU 5 clears thé contents
of the 3rd memory 8 and of the 4th memory 9, and sets the
initial values of the registers and the like in CPU 5.

Next, in the 2nd step S2, the standard value is
read out of the 2nd memory 7, and this standafd value is
stored as the reference value into the 3rd memory 8 for the
reference value. By means of this process, the initial
reference value of the fire sensing means, namely the initial

fire detecting level, is determined. Besides, in case that
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this fire sensing means is a smoke-type one and its sensor
portion 1 consists of an ionization-type one or a light
scattering-type one, the standard value is set at 10 % so
that the fire sensing means determines a fire if, for
example, it is a situation where there is 0 % dust and 10 %
smoke.

Moreover, in the 3rd step S3, CPU 5 reads the
output data of the sensor 1, so CPU 5 sends a holding
instruction to a smaple-hold circuit 2 for the purpose, and
the sample-hold circuit 2 samples and holds the output of
the sensor 1 according to this holding instruction, and
then the hold signal is outputted to CPU 5 after the comple-
tion of the holding operation. Next, CPU 5 outputs the
converting instructiqn to an A-D converter 3, and according
to this instruction, the A-D converter 3 converts thé analog
output signal of the sensor portion 1 being held in the
samplé—hold circuit 2 to a digital signal, and then the
conversion completion signal is outputted to CPU 5 after
the completion of the converting operation. According to
the application of the conversion completion signal, CPU 5
reads the output data of the sensor portion 1 being con-
verted to the digital signal from the A-D converter 3.

Furthermore, in the 4th step S4, CPU reads the

reference value from the 3rd memory 8, and compares this
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reference value with the output data previousiy read in
said 3rd step S3 to determine whether a fire has occurred
or not. In case the data is > the reference value, the
step shifts to the 5th step S5 in a fire condition, and
in case of data is < the reference value, the step shifts
to the 6th step S6 ﬁy determining that it is a normal
condition.

Thus, in case of shifting to the 5th step, CPU 5
outputs the fire signal transmitting instruction to a
signal generating circuit 10, and the signal generating
circuit 10 outputs the fire signal to a receiver, a trans-
mitter and so on.

Also, when shifting to the 6th step S6, CPU 5
feads the day of the.week, time and so on from a clock
portion 4 to determine whether or not that time matches
the data storing time stored in the 2nd memory 7. If by
chance that time matches, in the 7th step S7, CPU 5 stores
the output data of the sensor portion 1 read in the 3rd
step S3 into a predetermined location of the 4th momory 9
according to the data of the day of the week and time read
in the 6th step S6. Fig. 3 shows an example of storing in
the 4th memory 9, which is made up so that the data for 4
weeks can be stored every 2 hours of each day of the week.
If the current time is 3 o'clock on a Monday, the data of

the sensor portion 1 is stored into the lst week zone of

1
1 4
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the Monday, 3 o'clock region. At this time, if this storing
region is entirely filled up from the lst week zone to the
4th week zone, the data in the 4th week zone is cleared,

and all the data in the lst week zone through the 3rd week
zone is shifted by one week zone, and then the latest data
is stored into the lst week zone. The updating of the data
is carried out by this process.

Continuously, in the 8th step S8, CPU 5 reads the
day of the week and time from the clock portion 4, and
distinguishes whether that time has reached the time for
updating the reference value stored in the 2nd memory 7.
The times for updating the reference value, for example,
the even-numbered hours every 2 hours, are stored in the
2nd memory 7. Namely, switching of thevsensitivity is
carried out at the e&en—numbered time so that computing is
performed on the basis of the data at 1 o'clock during the
interval of 0 - 2 o'clock and on the basis of the data at
3 o'clock during the interval of 2 - 4 o'clock.

Consequently, when the time for updating the
reference value arrives, CPU 5 reads from the 4th memory 9
the accumulated data in the past corresponding to the data
of the week and time read in the 8th step S8, and. computes
the latest reference value. For example, if it is 4 o'clock
on Monday, the data of the past 4 weeks is read out of the

5 o'clock, Monday memory region in the 4th memory 9, and
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then the average value during the 4 weeks is computed
according to the 4 weeks of data read out. This average
value can be obtained, if necessary, by means of a simple
avérage or a weighted average, and this computed result
becomes the average value of the noise component during 4
weeks in the past. Next, the standard value is read out

of the 2nd memory 7, and the reference value for distin-
guishing fire in the corresponding time period can be
ocbtained by adding the average value to this standard value.

Finally, in the 10th step S10, the CPU 5 stores
the previously described reference value obtained in the
former 9th step S9 into the 3rd memory 8 as the latest
reference value, and returns to the former 3rd step. The
operation is performed by means of such a loop as described
above. '

Moreover, if the power supply from the power line
or the signal/power line is interrupted, CPU 5 stops its
operation, and consequently the function of the fire sensing
means is stopped.

In the description above, although the reference
value to be initially stored inté the 3rd memory 8 was set
to be the standard value (for example, 10 %) which is the
fire sensing level when the noise component is zero, it is
also able to determine the initial set value compriiing the
noise component being expected beforehand (for example, 12

%) that differs from the standard value, and then this
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initial set value may also be made to be stored into the
3rd memory 8. Also, in case the sensor portion 1 is a
temperature sensor, for example, 70°C can be selected as
the iﬁitial set value and 50°C as the standard value.

Furthermore, the time for storing the data can be
made to be the same time as that for updating the reference
value.

Moreover, as the average value, besides a simple
average or a weighted average, an average may be obtained
by excluding the maximum and minimum data from the accumu-
lated data for the average value and the average may also be
obtained by adding the simple average value or the weighted
average value to a value o times the difference between the
maximum value and the minimum value (constant o > 0). Next,
Fig. 4 is the constrﬂctional diagram of another embodiment,
and the portions corresponding to those of Fig. 1 are shown
with the same signs. In this case, when the power source
is turned on, the operation of the fire sensing means is
started by the control program stored in ROM 1 and the set
sensitivity for the fire sensing means is stored into a
RAM. Namely, since the upper limit set value, the initial
reference set value and the lower limit set value are
produced by the divided voltage of resistance 15, CPU 5
serially switches the inputs to the multiplexer 16, and

these analog signals are respectively converted to digital
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signals by means of the A-D converter 3, and then they are
respectively stored into RAM 1, RAM 2 and RAM 3.

Also, the memory content of RAM 8 storing the
accumulated data is entirely cleared, and also the memory
contents of RAM 4, RAM 5 and RAM 6 respectively storing
the maximum value, the minimum value and the average value
are cleared.

Upon the completion of the setting and clearing
of these memories, the sensing means starts to read the
output from the sensor portion 1 at the predetermined
intervals. To continue the description further, the output
from the sensor portion 1 is amplified through an amplifier,
and the output value is held by the sample and hold circuit
2. This output is converted from an analog signal to a
degital signal throuéh.the multiplexer 16 which switches the
set values described before. The conversion being completed,
a conversion completion signal is sent to CPU 5. CPU 5
receives the digital signal from the A~D converter 3 as the
data, and inputs the data to the teﬁporary holding memory
RAM 9, Still more, in this case, it is assumed that CPU 5
employs 10 memories including 9 RAMs, RAM 1 - RAM 9, and 1
ROM 1. CPU 5 reads the current time and the day of the week
from the clock portion 4, and reads the data, as data 8, at
the address corresponding to the current time and the day

of the week of the memory RAM 8 for the accumulated data.
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If there is no accumulated data in the data 8, the initial

reference set value is sent

as the signal from RAM 2. 1In case that there is accumulated

to the digital comparator 12

data in the data 8, the uppper limit wvalue and the lower

limit value of the operation level are respectively read out

of RAM 1 and RAM 3 as data 1

and data 3. And also, the

maximum value and the minimum value of the environmental

noise level are respectively read from RAM 4 and RAM 5 as

data 4 and data 5. 2And in case of data 4 = data 5, the

initial reference set value

is sent as the signal to the

digital comparator 12 from RAM 2. On the other hand, in

case data 4 ¥ data 5, at first, the ratio between the

permissible range of the operating level determined by the

upper limit value (data 1) and the lower limit value (data

3) of the operating level, and the maximum noise level

based on the maximum value (data 4) and the minimum value

(data 5) of the accumulated environmental noise is computed

by means of (data 1l - data 3

data 4 - data 5
data 10. Next, the initial

reference set value and the

average value of the accumulated data in the past are

respectively read from RAM 2 and RAM 6 as data 2 and data 6,

). This result is regarded as

and then the current set operating level is determined by

the expression "data 2 + 8 x data 10 x (data 8 - data 6)".

This result is regarded as data 1ll. In this connection,

is a constant (0 < B < 1).

By this process, the current

B
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operating level can be obtained according to the environ-
mental noise which is anticipated by the accumulated data
of the past.

Then, CPU 5 provides the data ii to the digital
comparator 12 as the signal. On the other hand, since
the output of the A-D converter 3 is latched and also held
to be constant during the processing time by CPU 5, the
digital comparator 12 compares the sizes of numbers at
this time. In case that the data of the A-D converter 3
is larger than the data 11 which is the computed output
of CPU 5, the output of the digital compérator 12 shifts
from the level H to the level L, thereby the latch circuit
13 operates to hold the level L. Still more, the latch
circuit 13 may be cogsidered to be a switching circuit, and
the buzzer 14 to be ; receiver, and in this case, the buzzer
14 is sounded to tell of an abnormal condition. Since the
output of the digital comparator 12 varied from level H to
level L, CPU 5 determines that the operating level is
exceeded, the data averaging and the data accumulating are
not processed, but the data reading from the sensor portion
1 continues. When the reset switch RSW is turned on, the
latch circuit 13 is reset to release the latching operation.
Still more, if the output of the A-D converter 3 becomes
less than the sensitivity level, the output of the digital
comparator 12 returns to level H, so CPU 5 commences the

conventional processing in the memory.
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When the digital comparator 12 does not change re-
maining in éhe_H level, CPU 5 determines that the operating
level has not been attained, and the data in RAM 2 storing
thelcurrent data is applied to the averaging memory RAM 7,
CPU 5 determines whether or not it is time to totalize the
data in the time period according to the data from the clock
portion 4, and if it is the totalizing time, data 7 is
produced by averaging the data in RaM 7, thé data then
being read out at the predetermined address of RAM 2 in
which the past accumulated data corresponding to the time
and the day of the week of the current time point has been
entered. And then, these data 8 and data 7 are averaged
at a certain weighted ratio, for example at the ratio of
1: 2, and this result is stored into the corresponding
address of RAM 8 as éhe latest accumulated data only
when that said result does not exceed the lower limit value
stored in RAM 3. If it does exceed, the data of RAM 3 is
stored.

Then, after the examination of all the data in
RAM 8, the maximum value and the minimum value are respec-
tively stored into RAM 4 and RAM 5. Still further, the
control programs, the initial set value, the data totalizing
times and so on are stored into ROM 1. 1In this way, as
time passes, since the contents of the accumulated past

data are changed, and the maximum value and the minimum
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value of the environmental noise are varied, the sensitivity
level can b; appropriately modified for each day of the week
and each time period in response to the enviromment in which
the sensing means is installed. Further, Fig. 5 shows the
memory map for CPU 5 in Fig. 4. Also, Fig. 6 is the main
flowchart of the employed software, Figs. 7a - 7g are flow-
charts of the subroutines; Fig. 7a is an example of an
initial setting program, Fig. 7b is an example of a sensor
input reading program, Fig. 7c is an example of a time
reading program, Fig. 7d is an example of a fire operating
program, Fig. 7e is an example of a fire restoring program,
Fig. 7f is an example of a program for computing the set
sensitivity, Fig. 7g is an example of a program for updating
the accumulated past data. Finally, Fig. 8 shows examples
of the set level with the passage of time; where Fig. a
shows the case of a conventional sensing means, and Fig. b
shows the case of the embodiment in Fig. 4.

From the description above, by means of the fire
sensing means according to the present invention, the set
sensitivity at the current time is determined on the basis
of the stored accumulated past data of the emvironmental
noise where the fire sensing means is installed, and there-
fore, when the environmental noise varies according to time,

the sensitivity is made to be dull if the noise level is
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high and the sensitivity is made to be high if the noise
level is low, so that its own sensitivity is automatically
regulated, and therefore the appropriate fire detection
sensitivity can alway be maintained by eliminating the
influences of the seasons, the surrounding temperature and

so on.
Brief Description of the Drawings

Fig. 1 is a block diagram showing the basic con-
sruction of the fire sensing means of the present invention,
Fig. 2 is a flowchart for describing the operation of Fig. 1,
Fig. 3 is a schematic diagram showing the store locations
of the 4th memory in Fig. 1, Fig. 4 is a constructional
diagram of another embodiment, Fig. 5 is a memory map  for
CPU 5 in case of Fig; 4, Pig. 6 is an illustrated main
flowchart of the employed flowcharts, Figs. 7a - 7g are
respectively illustrated flowcharts for the subroutines,
Figs. 8a and 8b are diagrams respectively showing the
illustration of the set level with the passage of time
according to the conventional manner and that according to
the present invention.

In the figures, 1 is a sensor portion, 2 is a
sample-hold circuit, 3 is an A-D converter, 4 is a clock
portion, 5 is a CPU, 6, 7 are ROMs, 8, 9 are RAMs, 10 is a

signal generating circuit, 15 is a resistance for dividing
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voltage, 16 is a multiplexer, 12 is a digital comparator,

13 is a latch, RAM 1 - RAM 9, ROM 1 are memories.

L



10

15

20

0148949
- 19 -

What is claimed

1. A fire sensing apparatus characterized by
comprizing a physical quantities mesuring means for
converting the physical quahtities of the phenomena of a
fire such as smoke, heat, light and so on into digital
electric signals, means for storiné said measured physical
guantities and means for producing accumulated past data
from said measured physical quantities, means for deter-
mining a set sensitivity at the current point in time on
the basis of said accumulated past data, means for compara—
tively descriminating said determined set sensitivity and
the physical quantities currently input, and means for
outputting according to the results of said comparative
discrimination, wheréby the fire detection level is wvaried
in response to variations in the environmental conditions
of its installation location and fire can be detected with
a continually constant fire sensitivity.

2. A fire sensing apparatus as described in claim
1, wherein the means for storing measured physical quan-
tities includes means for reading said measured physical
guantities as information into days of the week and times
by a clock portion.

3. A fire sensing apparatus as described in claim

1, wherein the means for determining the set sensitivity at
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a current point in time on the basis of the accumulated
past data includes means for obtaining physical quantities
according to currently anticipated envirommental conditions
such as an average value by méans of a simple averaging
computation or a weighted averaging computation of the
accumulated past data.

4. A fire sensing apparatus as described in
either claim 1 or claim 3, wherein a set sensitivity as a
standard value is set to be a fire discrimination level
when there is no measured physical quantities of phenomena
similar to a fire phenomenon,.in other words noise compo-
nents, and on the other hand, is set to be a fire detection
level, when there are existing noise components to be deter-
mined as fire, an average value of said noise component
being obtained at seéarated time periods or at separated
time periods of the days of the week on the basis of the
accumulated past data, and the reference value that is to
discriminate a fire at those time periods is produced by
adding the average value of said noise component to said
standard value.

5. A fire sensing apparatus as described in
claim 1, wherein the means for determining sensitivity at
a current point in time on the basis of the accumulated
past data includes means for providing an upper limit set

value, a lower limit set value and a reference set value
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between an upper limit value and a lower limit value of an
operating level, means for obtaining a maximum value, a
minimum value and an average value of the accumulated data
from the accumulated data of environmental noise, and means
for obtaining the set sensitivity at the current point in
C)

time by means of computing B + —ﬁéé::f—-

is constant) with the upper limit set value A, the reference

x (X - E) (where, B

set value B, the lower limit set value C, the maximum value
D of the accumulated data, the average value E of the accumu-
lated data, the minimum value F of the accumulated data and
the accumulated data X corresponding to the current point in
time in the accumulated data of the environmental noise

which are obtained from said respective means.
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