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Abstract. In response to the problems of low response efficiency and poor accuracy of
existing passive detection system, we have developed an active distributed intelligent fire alarm
system based on the Internet of Things (IoT). This article introduces the overall design and control
system structure of a new active distributed intelligent fire alarm system, the structural design of the
active intelligent fire alarm unit, the working principle of the active intelligent fire alarm unit, and
the application steps of the active distributed intelligent fire alarm system based on the Internet of
Things. This new type of intelligent fire alarm system can actively, real-time, and continuously
detect fires, detect them at the first time, and extinguish them autonomously. It can eliminate fires
in their early stages and minimize losses to the greatest extent possible.
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Annomayun. YrtoObl pemuTh npoOneMy HHU3KOM S((GEKTUBHOCTH ¥ TOYHOCTH
pearupoBaHMs CYHIECTBYIOIIMX CHUCTEM MACCHBHOTO OOHapy)KEHHUS IMOXKapoB, pa3padoTaHa
aKTUBHAs pacIpelielicHHas HMHTEJUIEKTyalbHas CHUCTEMa I0)KAPHOM CHUTHAIM3alMM Ha OCHOBE
WutepHera Bemieil. B cratbe mpencraBieHa oOmias CTPyKTypa CHCTEMBI NPOEKTUPOBAHHS H
YOPAaBJICHUS HOBOM AKTMBHOM pPacHpeleiIeHHOW HMHTEIUIEKTYaJIbHOM CHUCTEMOM IIOKAapHOMU
CUTHAJIM3allUU, CTPYKTypa aKTHUBHOIO WHTEIJIEKTyalbHOrOo OJIOKa MOKapHOW CHUTHAJIM3AlNH,
OPUHOUT pabOThl aKTUBHOTO HWHTEUIEKTYaJIbHOTO OJOKa TMOKApHOW CHUTHAJIHM3AIMU W IIard IO
IIPUMEHEHHUIO AKTUBHOM PACIPEICICHHOW MHTEUIEKTYaJbHOM CUCTEMBI IIOKAPHOM CUTHAJIU3ALHU
Ha ocHoBe HTepHera Bemel. HOBBIM TUI MHTEIIEKTYAIBHOW CHUCTEMBI IIOKAPHON CHUTHAIM3aLUN
MOXXET B PEXKHMME PpEalbHOIO BPEMEHU HENPEPHIBHO BBISABIATH IOXKApbl, OOHApYKUBAaTh HX C
MIEpPBOTrO pa3a U TYUIUTh aBTOHOMHO. DTO MO3BOJISIET IMKBUANPOBATh MOXKAaphl HA paHHEH cTaauu U
MUHHUMHU3HPOBATh OTEPH.

Kniouesvie cnosea: cucmema  nodcapmou  CUSHATUZAYUY,  NACCUBHbIE  CUCTNEMbL
0OHapydIceHus, cucmemsvl akmueHo20 oonapyicenus; Unmepnem sewell.

Jna yumupoeanusa: Yxuipsup B., Kysun B.B, boromonos O.B, Croii C., Munstos JI.,
[zedan C., JIp3xoy B. MccrnenoBanue akTUBHOW pacmpenelieHHONW WHTEUICKTYaIbHOM CUCTEMBI
MOKapHOM CHrHaIU3aluKk Ha ocHOBe MHTepHeTa Bemeit // Becmnuux nayku u oopazosanus Cesepo-
3anaoa Poccuu. 2025. T. 11. Ne 1. C. 86-96.

Introduction

In today's social life, various factors that affect fire safety are constantly emerging,
especially the occurrence of fire accidents that pose great harm to human life and property safety.
Fire is a sudden and highly destructive disaster. In order to detect the fire situation in a timely
manner, various fire alarm systems have been developed [1, 2]; With the emergence and
development of IoT technology, more and more people are applying 10T to the field of fire safety,
warning of fire hazards, preventing tragic fire accidents, and safeguarding human life and property
safety [3, 4, 5, 6].

The fire alarm systems currently in circulation on the market belong to passive detection
systems (each fire detector includes an independent smoke sensor and alarm), which means that
after a fire occurs, the smoke particles generated freely diffuse into the detection range of the fire
detector, and the fire detector can detect the fire information [7, 8, 9]. Although these devices can
detect the occurrence of fires to a certain extent, their response efficiency and accuracy are often
limited by open spaces and indoor and outdoor environments [10, 11]. Meanwhile, due to the
limitations of monitoring technology principles, each room needs to be equipped with different
numbers of fire detectors, resulting in a low utilization rate of fire detectors. Therefore, there is an
urgent need to develop an active distributed intelligent fire alarm system based on the Internet of
Things.

In recent years, with the development of 10T technology and the increasing improvement of
fire safety, more and more people have begun to study IoT active fire safety systems. The active fire
safety system of the Internet of Things collects the operation status of fire protection facilities and
fire safety management information through information sensing devices, and realizes the collection,
transmission, processing, and storage of data. The system connects various intelligent devices such
as fire-fighting equipment, sensors, and monitors through 10T technology to achieve real-time
monitoring and early warning of data [12].

At present, there are three main types of 10T active fire safety systems: 1) intelligent smoke
detection system; 2) 1oT combustible gas monitoring and automatic cut-off system; 3) Fire warning
system based on video analysis. The working principle of the intelligent smoke detection system is
to monitor environmental parameters in real time through photoelectric/ion smoke sensors. When
the smoke concentration or temperature exceeds the threshold, the data is transmitted to the cloud
platform through the gateway, triggering an audible and visual alarm, and linking the sprinkler
system or smoke exhaust equipment [13]. The working principle of the loT combustible gas
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monitoring and automatic cut-off system is to use semiconductor or catalytic combustion gas
sensors (such as methane detectors) to monitor the concentration of combustible gases in real time.
When the concentration exceeds the safety threshold, the system automatically closes the solenoid
valve to cut off the gas source, starts the ventilation equipment, and sends an alarm message
through the cloud platform [14]. The working principle of a fire warning system based on video
analysis is to collect real-time video streams through cameras, and use computer vision and deep
learning algorithms (such as YOLO object detection) to identify flame shapes and smoke dynamic
features. After detecting abnormalities, sound and light alarms will be triggered, on-site screens will
pop up, and fire extinguishing devices will be linked [15].

The intelligent smoke detection system achieves linkage control through multi-sensor fusion
and wireless networking. The system is easy to install, does not require wiring, and has a lower
false alarm rate than traditional smoke detectors. It can be widely used in residential areas, hotel
rooms, factories (early fire warning), data centers (temperature sensitive areas), and shopping malls
(linked smoke exhaust in densely populated areas). The 10T combustible gas monitoring and
automatic cut-off system achieves rapid response through anti-interference design, multi-channel
alarm, and active cut-off, and is suitable for flammable and explosive environments such as
kitchens, gas pipeline rooms, chemical plants, gas stations (flammable gas storage areas), catering
venues (liquefied gas use areas), and other fields. The fire warning system based on video analysis
has good adaptability to complex environments through non-contact detection and dynamic
recognition, and is suitable for large spaces such as forests, oil depots, warehouses, sports venues,
etc.

Overall structure of an active distributed intelligent fire alarm system based on the
Internet of Things

The developed active distributed intelligent fire alarm system based on the Internet of
Things is shown in Figure 1, including the core control system, fire equipment sensor module,
automatic fire equipment module, and user's mobile terminal. The core control system includes a
fire cloud platform and a data processing module installed inside the building; The fire cloud
platform includes MQTT message servers, business servers, and enterprise databases. The business
servers are connected to the mobile terminal network for communication; The data processing
module includes a core processor CPU, alarm speaker, wireless communication module, and
network communication module. The wireless communication module, alarm speaker, and network
communication module are all electrically connected to the core processor CPU; The data
processing module communicates with the fire cloud platform network through the network
communication module. The wireless communication module, network communication module,
and alarm speaker are all electrically connected to the core processor CPU; Fire equipment sensors
include temperature sensors, smoke sensors, and toxic gas detectors; Automatic fire protection
equipment includes exhaust fans, electric window openers, and fire sprinklers.

The fire equipment sensor module and automatic fire equipment module are installed inside
the house, forming an active distributed intelligent fire alarm system unit. Each unit is connected to
the wireless communication module of the data sensor through wireless communication, and
multiple units are connected to the core control system through the Internet of Things, forming a
complete active distributed intelligent fire alarm system based on the Internet of Things.

In order to achieve long-distance and clear signal device information communication,
wireless network communication adopts LORA wireless transmission method, and the wireless
communication module is LORA wireless transceiver module. In order to ensure reliable
communication between the local data processing module and the home fire cloud platform, and to
avoid network failures in the event of a fire, the network communication module includes WIFI
network module, 5G module, 4G module, and 3G module. In order to ensure the reliability of the
data processing module, a power module is installed inside the data processing module to supply
power to the module. The automatic fire protection equipment also includes an intelligent power
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switch. In order to facilitate user operation and system viewing, the data processing module is also
connected to a LCD touch screen module for displaying device information and interacting with
users inside the house.
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Fig. 1 - Overall structure of an active distributed intelligent fire alarm system
based on the Internet of Things

Structural Design of Active Distributed Intelligent Fire Alarm System Unit

The intelligent fire 10T consists of multiple active distributed intelligent fire alarm system
units, including gas gathering pipelines, detection systems, alarm systems, and aerodynamic devices.
There is a transparent isolation layer between the gas flow channel and the equipment room. The
working principle is to continuously draw indoor air into the air collection pipeline, use a detection
system for real-time detection, and immediately control the alarm when smoke is detected. The
detailed introduction is as follows:

As shown in Figure 2 (a), the active distributed intelligent fire alarm system unit includes a
gas collection pipeline 100, a detection system, an alarm system, and an aerodynamic device 4. The
gas collection pipeline 100 includes a main flue 1 and multiple branch flue 2 connected to the main
flue 1. In order to facilitate installation and save materials, as shown in Figure 2 (b), the main flue 1
has a concentric sleeve structure, and the equipment room 11 is located in the center of the main
flue 1. The transparent isolation layer 12 is a cylindrical pipeline, and the gas flow channel 10 is
distributed in a circular shape around the outer circumference of the equipment room 11. One end
of different gas flow channels 10 is connected to different branch flues 2, while the other end is
connected to the outlet 14 of the main flue 1. The detection system is installed inside the gas
collection pipeline 100 and includes sensors, a processor CPU 6, and a wireless communication
device 7 that are electrically connected to each other. The sensors include a main infrared smoke
sensor 5 and a reflector 15, which is installed on the gas collection pipeline 100. The alarm system
includes a wireless communication device 7 and a wireless communication alarm 3; In practical use,
the gas collection pipeline 100 connects the air inside the house.
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Fig. 2 - Structural Design of Active Distributed Intelligent Fire Alarm System Unit

In order to improve the efficiency of sensor usage and save costs, the equipment room 11 is
equipped with a motor 8, and the active infrared smoke sensor 5 is connected and fixed to the
output shaft 80 of the motor 8 instead of being installed in each gas flow channel 10. Equipment
room 11 is a closed transparent cylinder, and a support column 13 extends from one end of the
transparent cylinder facing the outlet 14 of the main flue 1 to the inside of the cylinder. The support
column 13 is hollow inside, and its end facing the outlet 14 of the main flue 1 is connected to the
outlet 14 of the main flue 1. The motor 8 is set in the support column 13, and the output shaft 80 of
the motor 8 is coaxial with the cylinder and extends into the equipment room 11 through the support
column 13. The output shaft 80 and the support column 13 can rotate relative to each other in a
sealed fit, which can effectively dissipate heat from the motor. Multiple reflectors 15 (mirrors) are
fixed on the inner walls of different gas channels 10. When the output shaft 80 rotates with the
active infrared smoke sensor 5, the infrared rays emitted by the active infrared smoke sensor 5 pass
through the transparent isolation layer 12 and shine on the reflectors 15 in different gas channels 10.
The reflectors 15 reflect the infrared rays back to the receiver of the active infrared smoke sensor 5
to obtain the detection results.

Operation of Active Distributed Intelligent Fire Alarm System Unit

As shown in Figure 3, the developed active distributed intelligent fire alarm method mainly
includes the following steps:

a. The aerodynamic device 4 draws indoor air into the air collection pipeline 100;

b. In order to locate the gas flow channels where smoke appears, it is necessary to
sequentially number the N isolated gas flow channels surrounding the equipment room in advance.

b. 1. Motor 8 rotates at an angular velocity w, driving the active infrared smoke sensor 5 to
rotate. At the beginning of rotation, the gas channel number aligned with the active infrared smoke
sensor 5 is the starting value n, of all gas channel numbers;

b. 2. active infrared smoke sensors 5 sequentially detect the presence of smoke in each gas
flow channel during rotation, and send the detection data to the processor CPU 6;
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b. 3. The CPU 6 of processor records the time of receiving data and calculates the position

information of the corresponding gas flow channel according to the formula based on the
transmission time T of the detection data:
_ [wNT] 4
n= o No

Among them, n represents the number of the gas channel where smoke is detected, and
represents the rounding symbol downwards.

In the actual working process, users can set the angular velocity @ of motor 8 to meet the
detection requirements of different numbers of gas flow channels 10 and different sizes of main flue
1.

c. After obtaining detection data and calculating the number of the gas flow channel 10, the
processor CPUG6 controls the wireless communication device 7 to send alarm instructions to the
alarm 3 corresponding to the branch flue 2 connected to the gas flow channel 10.

a. Extract indoor air
into the mainflue

}

b. 1The deceleration motor drives the active infrared smoke
sensorto rotate, andthe gas flow channel corresponding to
the rotation starting pointis numbered as the startingvalue n0

NO | Sensors continue
e

B i g to monitor

YES |

\ 4
b. 2Active infrared smoke sensor
transmits datato processor CPU

l

b. 3The processor CPU calculatesthe
gas flow channel number n with smoke

A4

c.The processor CPU controls the alarmto sound based onthe
detection data andlocation information received fromthe sensors

Fig. 3 - Process diagram of active distributed intelligent fire alarm system unit

Taking the design in Figure 2 as an example, there are N=8 gas flow channels surrounding
the equipment room 11 of the main flue 1. The rotation direction of the output shaft 80 of the motor
8 is counterclockwise in Figure 2. In steps b.1-b.3, the gas flow channel 10 in the two o'clock
direction in the figure is numbered n_0=1, and other gas flow channels 10 are numbered 2-8 in
sequence. In step b.3, taking the speed w = 1/8(rad-s~1) as an example, if T=3s, then n=2,
smoke is detected in the gas flow channel 10 with the number 2.

The developed active distributed intelligent fire alarm system adopts the form of motor 8
driving the active infrared smoke sensor 5 to rotate, so that the infrared emitted by the sensor
circulates through the various gas flow channels 10 surrounding the equipment room 11, thereby
periodically detecting whether there is smoke in the gas flow channels 10, achieving the effect of an
active infrared smoke sensor 5 detecting all gas flow channels 10. On the premise of ensuring
reliable detection, it greatly reduces the installation and maintenance costs of the sensor and reduces
the waste of sensors.

Real time operation of the active distributed intelligent fire alarm system based on the
Internet of Things

The method of using the active distributed intelligent fire alarm system based on the Internet
of Things developed above, as shown in Figure 4, mainly includes the following steps:
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a. Multiple interconnected fire equipment sensors distributed in various locations actively
monitor the indoor environment in real-time and send alarm information to the data processing
module in case of a fire; The alarm information includes the fire equipment sensor's own number,
the indoor temperature of the building where the fire occurred, the smoke concentration in the air,
and the parameters of toxic gases present in the air.

b. The data processing module controls the alarm speaker to sound an alarm based on the
received alarm information. At the same time, the data processing module sends corresponding
firefighting instructions to the automatic firefighting equipment through the wireless
communication module.

c. After receiving the fire command, the automatic fire-fighting equipment carries out indoor
fire-fighting operations, including starting the fire sprinkler to extinguish the indoor fire source
according to the fire command, starting the exhaust fan, and opening the window with an electric
window opener to discharge indoor smoke and toxic gas; In order to reduce the danger caused by a
fire, the intelligent power switch receives a fire command and cuts off the power supply to the
indoor area where the fire occurred.

‘ 0. 1business server
a. Fire equipment h. Data processing goiigﬁ'::ﬁ csﬁ%r;iralizues matches the terminal f. User's mobile
sensorsdetectafire and module accepts “— forwards themto the le— with the fire protection |« terminal sends
sendalarm messages controlinstructions systeminthe enterprise controlinstructions
message server
- T database
! A4
b.2Senda b. 1Data processing ﬁi;?ﬁgggo ¢. Automatic fire-fighting
voice alet [¢~| modulereceivesalet | aulomaticiie equipmentfor firefighting
information protection faciiies operations
\i
d. Data processing
module checks the
current network status
A
_ASThe WIFl moduleand ~_N0_~Ts the 56 moduleand .l ASthe 4G moduleand no_. s the 36 moduleand

N networkfunctioning properly?.- Zme ~._networkfunctioning prope{ly?» S S ngMork{undxmmg prope;ly?,v' e ~._neM0rklunc1|onmg properly?- 7
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it (- | [
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A i
[ e. 1business serverreceives alertinformation forwarded bythe message server

.
e. 2business serverfinds the corresponding userinformationinthe enterprise
database and sendsthe alertinformation tothe user's mobie terminal

Fig. 4 - Real time operation flowchart of an active distributed intelligent
fire alarm system based on the Internet of Things

d. During steps b and c, the data processing module issues alert information through the
network communication module, and the MQTT message server receives and pushes the alert
information to the business server; In order to ensure communication efficiency, when the data
processing module issues alarm information to the MQTT message server, it first checks the
connection status of the network communication module and prioritizes using the WIFI network
module for communication. When the WIFI network cannot be used, the startup priority of other
modules in the network communication module is in descending order of 5G module, 4G module,
and 3G module.

e. After receiving the alert information pushed by the MQTT message server, the business
server first searches for the corresponding house address and user contact information in the
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enterprise database according to the number of the fire equipment sensor, and then sends the alert
information to the user's mobile terminal according to the user's contact information.

In order to facilitate remote control of firefighting by users, they can control firefighting
equipment through mobile terminals, specifically:

f. Users send control instructions to the business server through mobile terminals;

g. The business server searches for user data corresponding to the mobile terminal in the
enterprise database, and publishes control instructions and user data, which are received by the
MQTT message server and pushed to the corresponding data processing module through the
network;

h. The data processing module sends corresponding firefighting instructions to the automatic
firefighting equipment according to the control instructions, and the automatic firefighting
equipment performs corresponding firefighting operations based on the firefighting instructions.

Test of activation time

A typical fire can be divided into four stages: pre ignition stage, visible smoke combustion
stage, flame combustion stage, and intense combustion stage[16]. In the pre ignition stage, there is
no obvious visible smoke formation, and any traditional fire detector cannot detect potential fire
threats. However, our developed active suction smoke fire detector can already identify the
decomposition particles of ignition materials that are invisible to the naked eye in the air and issue
warning signals.

The sensitivity of traditional fire detectors is generally 5% -15% obs/m [17], while the
sensitivity of active suction smoke fire detectors is 0.05% -20% obs/m, with the highest sensitivity
being 100 times that of ordinary smoke detectors. Ensure the timeliness of alarm issuance, so that
the fire can be eliminated in its early stages.

The detection time and alarm speed of smoke detectors are important indicators that users are
concerned about. Therefore, we conducted a series of experiments to test the alarm time of active
inhalation smoke fire detectors, ionization alarms, and photoelectric alarms. The experiment was
conducted in a 500 square meters empty factory building, which is 25 meters wide, 20 meters wide,
and 4 meters high; The doors and windows are closed, and the room temperature is 16 degrees
Celsius; Various types of alarms are installed on the ceiling in the middle of the factory building;
The active aspirated fire alarm system has 4 sampling tubes, each 25 meters long, with 5 evenly
distributed sampling holes on each tube. The inner diameter of the sampling tube is 20mm, and the
diameter of the sampling holes is 5mm; Two series of experiments were conducted: smoldering
wood and flaming wood; The ignition source is placed in 10 different positions, as shown in the
Figure 5.

12.5m |
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. +
L TP2
TIPS T
s . S
. | TP1(TP6)
- g - ——— = ———— 9 TP9
4 : N TP4
B ————— | P10~
TP7 * ' -
(a) Test factory building (b) Test positions

Fig. 5 - Positions of the ignition source
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Table 1 - Activation Time for photoelectric alarm,ionization alarm and active distributed
intelligent fire alarm system

Test | Description Photoelectric | lonization A_ctive Distributed Intelligent
Alarm Alarm Fire Alarm System
TP1 116 125 12
TP2 Smoldering 122 138 23
TP3 Wood 139 145 45
TP4 128 133 32
TPS5 125 129 28
TP6 95 87 9
TP7 Elami 102 93 13
P8 | wood 124 115 36
TP9 113 102 27
TP10 106 98 20

As shown in Table 1, in the smoldering wood test, the alarm time of our new developed
system is 12-45 seconds, with an average alarm time of 28 seconds; The average alarm time of
traditional photoelectric alarm is 124 seconds, while the average alarm time of ionization alarm is
133 seconds. In the flaming wood test, the alarm time of our new developed system is 9-36 seconds,
with an average time of 21 seconds: while the average alarm time of traditional photoelectric alarms
is 108 seconds, and the average alarm time of ionization alarms is 99 seconds.

Conclusion

This article studies an active distributed intelligent smoke alarm system and method. Through
an aerodynamic device, the air in each room of the house is actively collected, and an active
infrared smoke sensor installed in the flue is used for detection. Compared with traditional passive
alarm methods, it can issue alarms faster, thereby reducing the losses caused by fires. At the same
time, based on the alarm information transmitted from the fire sensor to the core control system, the
location of the fire source can be confirmed in a timely manner according to the sensor number,
which is helpful for extinguishing fires and identifying fire accidents afterwards.
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