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Introduction

The wall-mounted robotic system prototype presented here can find,
track, and suppress a household fire. It can also alert all occupants in the
household of the fire via email with a photo of the fire and sound a fire
alarm.
The goal of this research is to introduce a groundbreaking autonomous
technology that can remedy household fires, possibly serving as an
alternative to traditional fire sprinkler systems which often are too costly to
afford and can cause more damage than prevent it. It also is to serve as an
example of a complete mechatronic system, composing of mechanical,
electrical, and software design.

Methods

Results and Data Analysis

1) Mechanical Design and Implementation

1) Servomotor PID Response

Mechanical design was necessary to conceptualize and carry out the design of the wall-mounted robotic pan-tilt system. All the components were designed in
SolidWorks and 3D printed using 1.75mm PLA filament. Once the parts were printed, they were tested and were redesigned to meet critical design tolerances if
they were not met.

2) Email Alert and Fire Alarm Alert

Aim 1) Accurately detect and track a fire using the
OpenMV camera module with machine vision, sensor
Fusion, and servomotor PID control.

Aim 2) Optimally eliminate an observed fire with nontoxic Fire suppressant.
In order to not only validate the presence of a fire, but to eliminate it as
well, the system will actuate a pump to spray fire suppressant at the
targeted fire. However, as the camera imager and nozzle are offset from
one another, the fire suppressing fluid nozzle will not be initially directed
at the same point. Along with this, is that the spray will fall parabolically
with gravity, so the initial trajectory angle of the spray must be such that
the spray falls to the fire. To guarantee the spray hits the suspected fire, a
formula will be used using sensor data to actuate a nozzle so that the
projected spray optimally suffocates the fire.

3) Lidar Testing

Physical assembly of pan-tilt system with 3D printed
parts.

Digital assembly of pan-tilt system within
SolidWorks.

Design of necessary system parts in SolidWorks to be 3D printed and assembled.

LIDAR feedback for incremental
distance measurements.

4) Nozzle Testing

The system’s nozzle was tested to ensure a high exit velocity with a nearly
straight jet for up to six feet. After adjusting the nozzle’s design and doing
various testing, this was eventually executed successfully.
After the nozzle was designed to meet desired specifications, it was tested
on the system for optimized autonomous fire suppression. The initial
algorithm for tilting the nozzle according to sensor feedback was adjusted until
it was able to hit the fire during every test. Currently, the system can
extinguish fires up to 10 feet away.

2) Electrical Design and Implementation
The electrical design of the system was done in SchemeIt (from DigiKey) and adjusted throughout the entirety of the
project’s development. Once the electrical schematics were made, a test-bench was set up to evaluate the system and
decide on an appropriately sized electronics enclosure. All the system components were mounted onto din rail for easy
removal and replacement. After testing the electronics and making replacements, an electronics enclosure was purchased
and modified with an acrylic viewing window and LEDs for adjustable lighting using a remote. Once the enclosure was
modified, the system’s electronics were carefully mounted and wired to their respective positions.

Conclusion

The fire remediation system was an extensive mechatronics research project
that was likely not going to meet all the proposed objectives. However, after
many hours spent designing and testing the system, it was able to meet every
objective, but still has a lot of room for further development. The advancement
of fire prevention technology is growing, and it is the hope of this research to
inspire others to continue it’s development.
Temporary test-bench for system, with electrical
components din rail mounted and wired.

3) Software Design and Implementation

The current advancement in smoke alarms today, is that they can both
sound alarms to let nearby occupants know a fire may be occurring and
notify occupants via SMTP (Simple Mail Transfer Protocol, or email) of the
fire, in case they are out of the residence. This will be accomplished by use
of a Raspberry Pi 3B+ interfacing with the OpenMV camera module by USB.
The Raspberry Pi 3B+ will send out emails to all occupants through its onboard WIFI and will be used to sound an alarm.

Email alert for fire presence
with image of fire attached.

In order to guarantee accurate distance
measurements of a fire, the on-board LIDAR sensor
was tuned for precision, accuracy, and repeatability
when taking measurements.

Electrical wiring diagram for system.

Aim 3) Alert Occupants that a fire has been observed
and sound an alarm.

Servomotor error feedback with PID gains set to
0.34, 0.008, and 0.08.

An email alert was successfully accomplished through
the Raspberry Pi utilizing a TCIP protocol within a Python
3 script. An audible fire alarm was accomplished with
making use of a motor driver to sound it once a fire had
been observed.

Objectives

Detecting a fire using machine vision is to be accomplished using an onboard FLIR (Forward-Looking Infrared) imager and a convolutional neural
network (CNN). An OpenMV camera module processing the FLIR imager
data is programmed to detect objects exceeding a set temperature
threshold, which is then bounded by a rectangle in the camera’s frame.
The position of this boundary relative to the camera frame center is sent
to a Raspberry Pi 3B+. The Raspberry Pi will utilize servomotors to track
towards the fire and reads feedback from additional sensors, which
include gas and distance sensors.

Pan and Tilt servomotors were tuned to have
a nearly critically-damped response. This was
achieved with the PID gains set to .34, 008, and
.08, respectively.

The software design of the system consisted of developing
software to read from the OpenMV camera utilizing a FLIR sensor
and software for a Raspberry Pi 3B+ to read camera data from a
USB port and sensors, as well as to control motors.
Software for the OpenMV camera was developed in the
OpenMV IDE, which is scripted in Micro-Python. This is where
the machine learning algorithm was implemented to detect a fire
and where camera data was implemented to be sent through a
USB protocol.
Software to control the Raspberry Pi GPIO pins, read USB data,
and send an email was developed in Python 3 on the Raspberry
Pi. The Python 3 script is accessed and compiled on the
Raspberry Pi through using The Secure Shell Protocol (SSH) from
a command line on a remote computer.

OpenMV Micro-Python IDE to control OpenMV
Camera functionality with FLIR Sensor

Final electronics enclosure with electronics mounted and
power switches added to front.

Python 3 script used to read from USB port, read sensor
feedback, control motors, and to send email from
Raspberry Pi 3B+.

Block diagram of Raspberry Pi control during
operation to aid in software development.

Fully assembled and mounted fire elimination system.
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