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1 Introduction

In today’s rapidly evolving urban landscape, ensuring the safety and security of
buildings against fire hazards remains a paramount concern. Traditional fire pro-
tection systems, while effective to a certain extent, often fall short in addressing
the dynamic challenges posed by modern infrastructure and diverse fire risks. Rec-
ognizing the need for a more intelligent and comprehensive approach to fire safety,
our project endeavors to introduce the Intelligent Fire Protection Ecosystem.

1.1 Problem and Solution

The objective of our project is to address the shortcomings of traditional fire
protection systems by introducing the Intelligent Fire Protection Ecosystem. Tra-
ditional fire detection and alarm systems often lack the sophistication needed to
accurately detect different gases and respond to fire incidents in a timely man-
ner. The use of a single sensor is prone to false alarms.The traditional fire alarm
detector sensor is relatively single, the judgment of the fire is not comprehensive
enough, it is easy to occur false touch false alarm. Users regularly receive false fire
alarms, which will cause the real discovery of the fire, take it lightly, and can not
make timely escape, wasting the golden time to escape.

Our proposed solution aims to enhance the capabilities of conventional fire alarm
equipment by integrating traditional sensor technologies and leveraging WiFi con-
nectivity through the ESP8266 chip. By doing so, we seek to achieve more precise
and reliable fire detection capabilities, allowing for early detection of smoke, haz-
ardous gases, and temperature variations. Through a mobile application interface,
users can receive real-time warnings and monitor changes in gas concentrations,
empowering them to take proactive measures to mitigate fire hazards and ensure
the safety of occupants and assets.

1.2 Background

The context of the problem is the inability of traditional fire protection systems
to effectively respond to the ever-changing challenges posed by the modern built
environment, with limited scope and means of data transmission. According to
Illinois Fire Departments, there were over 1.4 million incidents, 92 civilian lives
were lost and over $476 million in property damage resulted from fires, according
to the Office of the Illinois State Fire Marshal. and over $476 million in property
damage resulted from fires in 2022[1].As urbanization and technological advances
continue to reshape our cities, the need for smarter, more responsive fire safety
solutions is increasingly evident. According to the United States Fire Department,



there is a fire in a residential area every 85 seconds and these fires account for
almost 80 percent of all fire-related deaths|2, 3|.Traditional systems, which rely
on simple detection methods and manual intervention, are mainly classified into
photoelectric smoke detectors and ionization smoke detectors|4|.However, because
conventional smoke alarms use a point light source (as shown in Figure 1), when
detecting a single type of gas or smoke, the alarm threshold depends only on
the shape of the detection chamber and the position and intensity of the light-
emitting element (LED), which makes it difficult to adjust, does not provide real-
time feedback on the concentration of toxic or combustible gases, and is susceptible
to false alarms due to the presence of a single sensor. For example, smoke generated
at low ambient temperatures is not recognised as a fire, whereas a conventional
alarm would. It is therefore essential to integrate multiple sensors and provide
real-time feedback in an alarm.
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Figure 1: Schematic of Traditional Photoelectric Smoke Alarms

1.3 Visual Aid

The physical design of the Smart Fire Ecosystem is shown in Figure 2. The fig-
ure illustrates the integration of our solution with relevant external systems (e.g.,
mobile devices for remote monitoring) in the built environment. The dotted lines
indicate the connections between our system and external components, emphasis-
ing the seamless interaction between them. The sensor on the left will transmit
electrical signals to the mobile device (phone) via the built-in ESP8266 chip after
detecting smoke, hazardous gases, etc. The feedback signals (I/O data) will also



be transmitted to the alarm via the built-in ESP8266 chip after the program has
given feedback.
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Figure 2: Physical Design for Intelligent Fire Protection Ecosystem

1.4 High-level requirements list

e Fire Detection Accuracy:
The system must highly accurately and intelligently detect at least three
different causes (e.g., high temperatures, combustible gases, etc.) of fire
accidents and minimize false alarms by displaying the change in gas concen-
tration (LEL) in real time on a mobile device.

e Remote Monitoring and Control:
Remote monitoring and control functionalities must exhibit a response time
of less than 5 seconds, enabling users to swiftly assess and manage fire-related
emergencies from a distance.

e Power:
The batteries of the equipment must be able to provide sufficient power and
a low-battery warning module added to warn when the battery level falls



below 20%. The power consumption of the electronic equipment needs to be
strictly controlled and the batteries do not need to be replaced for at least
3 months, as the equipment needs to be thoroughly checked every 3 months
according to the program to ensure safety.



2 Design

2.1 Block Diagram

As shown in Figure 2, our design has four blocks: Power supply, Control unit,
Sensor module and Wi-Fi IC.
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Figure 3: Block Diagram

Power Supply:

The power supply powers the entire fire protection system including smoke alarms,
combustible gas alarms, manual call points and audible and visual alarms. After
checking the manual of ESP8266 chip, 3 V DC needs to be selected as the input
power supply and connected to the 3V'3 pin and GN D pin of ESP8266 chip. Our
team conducted experiments, respectively, the use of two NANFU AAA batteries
and three NANFU AAA batteries for the ESP8266 power supply, and found that
they can work properly, in order to reduce the size of the product, we ultimately
chose two NANFU AAA batteries for the system power supply. One of the sound
and light alarms need 5 V power supply to drive, therefore. After consulting the
ESP8266 manual, the V;, pin of the ESP8266 will output 5V DC, which can supply
power to the audible and visual alarms.



Control unit:

Control unit is the hub of the fire detection system. It receives signals from smoke
sensors and other detection devices through the inbuilt ESP8266 chip, initiates
the response mechanism and displays relevant information on the main display.
In terms of feedback, real time information about fire status, sensor data and in-
dications are provided to the user through a mobile application and the inbuilt
ESP8266 chip and connected to external devices.

Sensor Module:

e Smoke Sensor: As shown in Figure 3, this sensor detects smoke particles in
the environment and sends a signal to the fire alarm control panel via the
built-in ESP8266 chip. It is powered by a 5 V DC supply from Power Supply.
(As shown in Figure 2)

e Combustible Gas Sensor: As shown in Figure 3, this sensor detects the
concentration of combustible gases in the environment and sends a signal to
the fire alarm control panel via the built-in ESP8266 chip. It is powered by
a 5V DC supply from Power Supply. (as shown in Figure 2)

e Current Sensor (Hall Element): Currently, fires caused by short circuits are
occurring frequently [5]. This sensor detects changes in the current in the
circuit by means of a Hall Element and sends an electrical signal to the mobile
device (Phone) by means of the built-in ESP8266 chip, which is powered by
a 5V DC power supply from Power Supply. (As shown in Figure 2)

2.2 Physical Design
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Figure 4: Initial Modelling of Smoke Alarms

As shown in Figure 3, it is our group’s initial smoke alarm modeling. It consists
mainly of a base, a chip and battery compartment, and an outer shell. Since
national standards|6] require that spherical objects with a diameter of 1.3 mm
cannot penetrate into the detection chamber, it is necessary to wrap the air inlet
of the housing with a mesh cover.The battery and PCB, including ESP8266, are
placed in a relatively airtight space by a partition so that smoke particles do not
damage them. The alarm has a built-in temperature sensor as well as a smoke
sensor to provide accurate alarms. It can also be converted into a combustible gas
sensor by quickly changing the type of sensor.
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Figure 5: Initial Modelling of Push-button Alarms

As shown in Figure 4, it is our group’s initial modeling of a push button alarm. It
consists primarily of a base, a chip and battery compartment, a button assembly,
and a housing. The case is clearly labeled and has an acrylic cover to prevent
accidental contact.



Figure 6: Initial Modelling Box for Demo

For the final demo, our team design a box, as shown in Figure 5, made of aluminum
and acrylic to put all of our products. Especially, the smoke alarms and dangerous
gas alarms will be put in the acrylic box for safety, and our team will fill the acrylic
box with smoke and gas separately.



2.3 Function Overview&System requirements

The smoke alarm consists of an esp8266 chip board as the control and communica-
tion hub, linking an MQ-2 smoke sensor module, and a DHT11 temperature and
humidity sensor module as the detection part, and a buzzer as the alarm device.

The smoke sensor in this ecosystem functions by continuously monitoring the en-
vironment for smoke particles. When detected, it sends a signal to the central
system to initiate an alert. This sensor interfaces with the central monitoring
system, through a wireless connection, to ensure that smoke detection is quickly
communicated and actioned upon.

Requirement Verification

e When the smoke concentration e Use the smoke produced by

changes at the scene, the cell
phone can display the smoke
concentration in real time.

When the temperature of the
scene changes, the cell phone
can display the temperature in
real time.

When the smoke concentration
reaches a certain value (60%)]6,
7], the buzzer starts to sound
the alarm.

The cell phone can get the
alarm information, if it is a false
alarm, you can eliminate the
alarm remotely through the cell
phonel8].

cigarettes to spray to the smoke
sensor, observe whether the
smoke concentration and tem-
perature on the cell phone dis-
play and change|9].

When the smoke concentration
reaches a certain value, the
buzzer pin receives a high elec-
tric frequency, buzzer alarm.

When the smoke concentration
exceeds the standard and the
buzzer continues to alarm, press
the mute button on the cell
phone to determine whether it
can be remotely silenced.

Table 1: Requirement and Verification for Smoke Sensor Subsystem
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The combustible gas detection platform utilizes the ESP8266 microcontroller for
its core processing capabilities, enabling wireless communication and data han-
dling. It incorporates the MQ-5 sensor for detecting concentrations of combustible
gases, alerting users to potential fire hazards. The system is also equipped with a
DHT11 sensor to monitor ambient temperature, providing data crucial for accu-
rate gas detection. In either case, the platform triggers a buzzer as an immediate
auditory warning|[10].

Requirement Verification

e When the combustible gas in- e Use lighter to simulate a fire,

tensity changes, the app can
display intensity value.

When the temperature of the
scene changes, the app can dis-
play the temperature value.

satisfy both combustible gas
and temperature requirements.

e After the alarm is triggered, we

manually eliminate the alarm
through the cell phone.

e When the combustible gas in-
tensity reaches the threshold
value(around 990), the buzzer
triggers.

e When the temperature reaches
the threshold value, the buzzer
triggers.

e The cell phone can get the
alarm information, if it is a false
alarm, you can eliminate the
alarm remotely through the cell
phone.

Table 2: Requirement and Verification for Current Alarm Subsystem
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The Audible and visual alarm uses an ESP8266 microcontroller as its processing
core for data processing and wireless communication. It receives alarm signal from
the Manual Alarm Push Button System and successfully trigger the alarm[11].

Requirement

Verification

e Manually push the button to
trigger alarm signal to trig-
ger alarm in another sepa-
rate esp8266 Audible and visual
alarm module.

e Manually push the button to
trigger alarm.

Table 3: Requirement and Verification for Manual Fire Call Points Subsystem

The Audible and visual alarm uses an ESP8266 microcontroller as its processing
core for data processing and wireless communication. It receives alarm signal from
the Manual Alarm Push Button System and successfully trigger the alarm.

Requirement

Verification

e Wireless communication with
The Manual Alarm Push But-
ton System and alarm function.

e Audible and visual alarm from
the buzzer when manually
pushing the button.

Table 4: Requirement and Verification for Manual Fire Call Points Subsystem
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2.4 Tolerance (Risk) Analysis

The most critical and potentially risky aspect of a fire protection system lies in
the accurate detection of fire incidents by smoke sensors, also known as the smoke
alarm subsystem. Ensuring the viability of the functionality of this critical sub-
system requires rigorous mathematical analyses or simulations to assess its per-
formance under a variety of environmental conditions and potential sources of in-
terference. Factors such as smoke particle size, density and distribution patterns,
as well as ambient lighting conditions and airflow dynamics can have a significant
impact on the effectiveness of smoke detection. Although the test conditions are
specified in national standards, this newly designed smoke alarm requires intelli-
gent judgement in combination with temperature and other factors. Therefore, in
order to verify its feasibility, we need to consider the diffusion changes of smoke
and temperature in the environment. Due to the limitation of the demo box size,
we can’t fully simulate the real house scene, so we need to use the smoke diffusion
equation (1) and the temperature change equation (2) to make calculations and
tests to make it comply with the standard.

Q y? (z — H)? (z+ H)?
Hy= % cop(— LY {eap|-E S - .
o2, ) = e o= C 0 e B
2 \.;;\\
} 2= Honplume centerling \{\.\-.,\C”
| ‘&c‘-“‘“@
N
e
T : i o .
f Al .'_,.-‘
¥ ) j{.'-‘-"i" g
-
- T \IIT w“'kf.\:-\?"
T~
H | ‘“-L_‘ ~ i i} ﬁ_‘! -
1. i
v E :\Ij" ¥ = v =z = [atl basc of slack
' il a-

Figure 7: Schematic of smoke dispersion

As shown in Figure 7, in equation (1), ¢ is the smoke concentration (unit: mg/m?),
@ is the source strength (unit: mg/s). u is the average wind speed (unit: m/s).
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In the demo box, the average wind speed, u, is defaulted to 0 m/s. o, and o,
are diffusion parameters on the y- and z-axes expressed as standard deviation of
concentration. H is the leakage effective height.

A
E= KMAt = 2 (2)

KA

In equation (2), £ is the heat transfer rate (unit: W), K is the total heat transfer
coefficient (unit: W/(m?x K)). A is the heat transfer area (unit: m?). At,, is the
average temperature difference (unit: °C').

With this two equations, we can calculate the specific concentration and tempera-

ture of a certain point that we will place our smoke alarms, and adjust the domain
of our product depending on the results of the calculation.
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3 Cost & Schedule

3.1 Cost
Part Cost (Experiment) Cost (Demo)
ESP8266 CP2102 IoT Module Chip 21.8%5 -
DHT Temperature Control Module 6.27*2 6.27*2
MQ-2 Smoke Gas Sensor Module 7.5 7.5
MQ-5 Combustible Gas Sensor 7.7 7.7
Current Inductance Module 5A Range 5.28 5.28
PCBs (PCBWay) 150*5 150*5
1.5 V Battery 19.8 19.8
Battery box 5*4.5 5*4.5
PLA (3D Printing Material) 400(approximate) | 200(approximate)
Aluminum Plate (customized size) 150 150
Acrylic Plate (customized size) 200 200
Buzzers 2.77 2.77
Large Button Module 2 2
Light and Sound Alarms 15 15
Various types of Bolts and Nuts 45 45
TOTAL (RMB) 1549.09 1240.09
TOTAL (USD) $221.30 $177.16

Table 5: Cost Table

15




3.2 Schedule

Date Honglei Zhu Xiaohua Ding Jiawei Zhu
Smoke and temperature Push-button alarm Flammable gas and
03/25/2024 . . . . temperature sensors
sensor integration modelling;Design Document . .
Integration
Programming of current Final demo display
04/01/2024 & & box modelling; modification | Silent button testing
detector assembly .
of previous model
04 /08 /202 4 Linkage commissioning Modify models, order Building push button
between equipment parts from Taobao module
. Continue modifying Connecting Audible
04/15/2024 PCB Siiiliin and the model and ordering and visual alarm with
P & parts; and assemble it push button module
Purchase of replacement
04/22/2024 Display module parts based on Display module
assembly results
04/29/2024 Display module Order aluminium and Display module
acrylic; assemble Demo Box
05 /06 /202 4 Prepare Final Prepare Final Prepare Final

Demo

Demo

Demo

Table 6:

Schedule Table
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4 Ethics and Safety

Because our ESP8266 chip ultimately needs to rely on the software platform on
the mobile terminal to link with the fire protection equipment we designed, the
use of intelligent fire protection equipment and software may collect and transmit
sensitive data, such as location information, environmental parameters, and so on.
According to e IEEE Code of Ethics, #1[12], "to protect the privacy of others, and
to disclose promptly factors that might endanger the public or the environment."
The design process should ensure that the privacy of user data is protected from
unauthorized access and data leakage, and that users are informed about how data
is collected, used, and protected.

Regarding the new design of smoke alarms, push button alarms and audible and
visual alarms, these products need to comply with the Chinese standard for self-
contained smoke alarms: GB 20517-2006[13], which has provisions for high tem-
perature and corrosion resistance, so polyvinyl chloride (PVC) material is used in
the official products to meet the requirements and to facilitate the manufacture
and reduce the cost.

Unfortunately, PVC is hazardous to the environment and is a difficult material to
degrade. In order to meet the IEEE Code of Ethics, #1[12],"to hold paramount,
the safety, health, and welfare of the public, to strive to comply with ethical design
and sustainable We believe that equipment should be manufactured and used in
a way that minimizes its impact on the environment. We believe that equipment
should be manufactured and used in a way that minimizes its impact on the en-
vironment. For example, we need to use environmentally friendly materials and
manufacturing processes for packaging, and modular designs that allow for easy
disassembly and replacement of components, as well as ensuring that the equip-
ment can be safely recycled at the end of its lifecycle.

According to our opinion and design, our products do not exist with race, reli-

gion, gender, disability, age, national origin, sexual orientation gender identity, or
gender expression, which is mentioned in the IEEE Code of Ethics, #7[12]
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