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Abstract

Nowadays, home automation has caught the focus of technology. It is the process of
connecting and controlling home appliances automatically and/or remotely. In first part of this
project, we designed and built an embedded controller on an FPGA to control a small home
consisting of one chamber. The system automatically operates the door, the window, the
lights, and the alarm. For the second part, we implemented a fire detection system using
OpenCV on an Embedded-Linux platform using the same FPGA and a USB webcam. At the
moment, both parts are separate and don’t operate at the same time. The system uses the Intel
DE10 FPGA board and the Qsys platform designer tool to implement both parts. One of the
aims of this project is to evaluate the potentials of the newly acquired DE10 FPGA board.

Both parts used the Qsys platform designer to implement the on-chip hardware system
inside the FPGA fabric. For the first part, controller software is written in C and executed on
the NIOSII soft-core to control the small home. For the second part, embedded Linux is
booted from an SD-Card plugged into the DE10. Then, a fire detection algorithm is
implemented using OpenCV to capture live video from an attached USB webcam and apply a
number of rules to detect the presence of fire.

The first system part was successfully implemented using the Quartus Prime version
16.1, on a DE10 board. Our prototype system includes a USB webcam for fire detection,
controlling the opening/closing process of doors/windows, controlling lights and an alarm

according to a gas LDRs and IR sensors. Finally, the prototype system worked as expected.

Keywords: FPGA, DE10, home automation, QSYS, VHDL, OpenCV, Cyclone V,
Linux, SD-card.
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Introduction



Overview

Nowadays the word ‘smart’ is commonly used, such as smartphone, smart TV, and
smart city... The word smart refers to automation and the fact of using new technology to
simplify human life.

The notions related to automation of tasks were in existence during long times; now
with modern technologies, the automation is easier. FFGA CycloneV on the DE10 represents
a good choice. A home automation with a fire detection system is a good experiment for the
board.

When it comes to home automation, embedded systems are always involved. FPGA
does in particular have a large utilisation in embedded systems field.

FPGAs are simple approach to realize logic circuits, because of their flexibility
features. They are Ideal for embedded SOPC (System On Programmable Chip) systems
implementation. Where a complete system is designed on a single FPGA chip, and is usually

based on a soft-core processor described in general in HDL (Hardware Description Language)

[1] .

Figure 1 Home automation system [2]

Objectives

The main objective of this project is to design and implement an embedded system for
home automation and security. We aim to control a small home using SOPC on an FPGA.
Next, an embedded application based on embedded-Linux will be designed and implemented
to detect fire in the house. This application utilises the OpenCV Library to capture and

process real-time videos for detecting the presence of fire.



Organization of the Report

This report is divided into four chapters, theoretical background, Home Automation
System Design; OpenCV based fire detection and a conclusion. The theoretical background
chapter contains an overview on home automation, DE10 board, FPGA, and OpenCV. It also
outlines basic concepts about the hardware utilised. Second chapter outlines the details of the
design and implementation of the home automation system. Chapter three discusses an
OpenCV-based fire detection system and goes through its hardware and software
implementation. The conclusion contains some results and providing some suggestions for

predictable further work.
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Theoretical background



1.1 What is an FPGA

A Field Programmable Gate Array, as its name suggests, consists of an array of logic
blocks (Logic cells) whose the interconnections are programmable alongside SRAM blocks,
DSP blocks, PLL blocks and 1/O pins. FPGAs support JTAG and some devices can be
configured via USB.

Specific applications of FPGAs include digital signal processing, software-defined
radio, ASIC prototyping, medical imaging, computer vision, speech recognition,
cryptography, bioinformatics, computer hardware emulation, radio astronomy, metal

detection and a growing range of other areas [3].

1.1.1 The DE10 Standard Development Board
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Figure 1.1 DE10-Standard Development Board [4]



The DE10-Standard Development Kit shown in Figure 1.1, presents a robust hardware
design platform built around the Intel System-on-Chip (SoC) FPGA, which combines the
dual-core Cortex-A9 embedded cores with industry-leading programmable logic for ultimate
design flexibility [9].

The DE10-Standard development board includes sophisticated features such as high-
speed DDR3 memory, video and audio capabilities, Ethernet networking, and much more. [5]

Figure 1.2 demonstrates a DE10 board block diagram.
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Figure 1.2 DE10-Standard board Block Diagram [5]

A logic cell is composed of one or more LUTs (Lookup tables) made from memory
cells (SRAM), and bi-stables (flip-flops). It implements combinational logic as well as
sequential logic [3]. FPGA chip adoption is driven by their flexibility, hardware-timed speed
and reliability, and parallelism [4].

1.1.2 Overview of Intel Qsys system integration tool

The Qsys platform designer system integration tool in Quartus Prime software is the

tool replaces the SOPC Builder tool for new designs, permits faster system development and



design reprocess in the FPGA design. Qsys automatically generates interconnect logic to

connect intellectual property (IP) functions and subsystems. [5]

1.1.3 Soft-Core Processor

A soft-core processor solution is one that is implemented entirely in the logic
primitives of an FPGA using VHDL. Because of this implementation, the Nios 2 processor
will not operate at the same clock frequencies or have the same performance of a discrete
solution on The DE10 board. In many embedded applications, however, the high performance
achieved by the previous two processing options is not required, and performance can be
traded for expanded functionality, reduced cost, and flexibility. All the major FPGA vendors
have soft-core processors in their products and there are additionally a number of companies
and organizations developing soft-core processors that are platform independent and can be
implemented in any FPGA design. [6]

It does not have the speed or performance characteristics of a hard-core processor.
However, its main features are its expanded functionality and the flexibility of adding a
processor to an existing FPGA design or even adding an additional processor to provide more
processing capabilities.

The Nios Il is a soft-core embedded processor provided by Intel FPGA. It can be
connected to other components on the DE10 board to form a complete system implemented in
the Cyclone V FPGA chip. These components are interconnected by using the interconnection
network called the Avalon Switch Fabric. Figure 1.3 illustrates a Nios Il system

implemented on the DE10 board.
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Figure 1.3 A typical Nios Il system [30]

1.1.4 Hard processor system

Intel’s SoPC integrates an ARM hard processor system (HPS) consisting of processor,
peripherals and memory interfaces tied seamlessly with the FPGA fabric using a high-
bandwidth interconnect backbone [5] Figure 1.4 shows the HPS-FPGA Bridges. The HPS has
three bridges that use memory-mapped interfaces to the FPGA based on the Arm Advanced
Microcontroller Bus Architecture (AMBA) and Advanced extensible Interface (AXI) to allow

communication between the FPGA and the ARM processor [7].
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1.2 OpenCV

OpenCV is an open source computer vision library. Its overall goal is to create vision
to computer. The library is written in C and C++ and runs under Linux, Windows and Mac
OS X. There is active development on interfaces for Python, Ruby, Matlab, and other
languages. OpenCV was designed for computational efficiency and with a strong focus on
real-time applications. OpenCV is written in optimized C and can take advantage of multicore
processors [8].

OpenCV has more than 2500 optimized algorithms and it is well suited for computer
vision. Images can be represented with different data types such as 8-bit or 16-bit or 32-bit
integers, and floating points values in both single (32-bit) and double precision (64-bit) [9].

One of OpenCV’s goals is to provide a simple-to-use computer vision infrastructure
that assists people build fairly sophisticated vision applications quickly. The OpenCV library
contains over 500 functions that span many areas in vision, including factory product

inspection, medical imaging, security, user interface, camera calibration, stereo vision, and



robotics. Because computer vision and machine learning often walk hand-in-hand, OpenCV
additionally, contains a full, general-purpose Machine Learning Library (MLL). This sub

library is focused on statistical pattern recognition and clustering. [8]
RGB colour model and fire detection rules

There are three different element of colour for each pixel: R, G and B. The pixel colour
can be extracted into these three individual elements [10].

RGB colour model is used to detect red colour information in image. In terms of RGB
values, the corresponding inter-relation between R, G and B colour channels: R>G and G>B.

The combined condition for the captured image can be written as: R>G>B. In fire
colour detection R should be more stressed then the other component, and hence R becomes
the domination colour channel in an RGB image for fire. This imposes the condition for R as
to be over some predetermined threshold value RTH [10].

All of these conditions for fire colour in image are summarized as following:

Condition1: R > RTH 1

Condition2: R > G > B 2
Where ‘RTH’ is the red colour threshold value for fire [10].

Y, Cb and Cr colour model

Y, Cb and Cr colour space is used in our model rather than other colour spaces because
of its ability to distinguish luminance information from chrominance information more
effectively than other colour model.

In order to create Y, Ch, Cr components from obtained RGB Image. We will use
colour space transformation equation to transform each RGB pixel in corresponding Y
Channel, Cb Channel, Cr Channel pixel to form a corresponding Y, Cb, Cr image. When the
image is converted from RGB to YCbCr colour space, intensity and chrominance is easily
discriminated.

In YCbCr colour space, Y’ is the luma component (the "black and white" or
achromatic portion of the image) and Cb and Cr are the blue-difference and red-difference
chrominance components, will be chosen intentionally because of its ability to separate

illumination information from chrominance more effectively than the other colour spaces.
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1.2.1 FPGAs and Computer Vision

It is easy to perceive why Field Programmable Gate Arrays (FPGAS) popularity are
getting more and more in the field of Computer Vision. It can potentially speed up image
processing by orders of magnitude given its true parallel architecture. However, it comes at a
price. It is time consuming to create a design for an FPGA that can process image data
satisfactory and donate the same result as, for example, functions from the popular OpenCV
(Open Computer Vision) library. OpenCV contains any functions and data structures to aid in
C++ computer vision design. Algorithms such as the Harris corner and edge detector or stereo
matching are included as functions in OpenCV. Image filters are often the building blocks of
such an algorithm. Image filters represent mathematical functions applied to an image using

convolution or correlation [9].

1.3 Linux

Operating systems is the first computer program that the computer executes when it is
turned on. The operating system manages the communication between the software and the
hardware of the computer.

Linux has a various number of distributions where the most popular ones are: Ubuntu
Linux, Linux Mint, Arch Linux, Deepin, Fedora, Debian and openSUSE [11] . It is usually
composed principally of a Bootloader, the kernel, the Daemons and the shell etc.

The kernel is the “lowest” level of the OS. It is the one piece of the entire that is
actually called “Linux”. The kernel is the core of the system and manages the CPU, memory,

and peripheral devices. [12].

1.4 Home automation

Recently, the notion of the home automation system is becoming an important issue in
many publications and home appliances companies. Home automation is a house or living
environment that contains the technology to allow devices and systems to be controlled
automatically. Remote control is useful to preserve home comfortable and to support the
elderly and the disabled people [2]. Figure 1.5 is an illustrative image of Home automation

contains some common symbols.
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Figure 1.5 a home automation illustrative image [13]
The hardware used in our project consists of:

1.4.1 Sensors

Sensors are analogue devices, which can convert a physical measure to a voltage

range.
Gas sensor

In current technology scenario, monitoring of gases produced is very important. From
home appliances such as air conditioners to electric chimneys and safety systems at industries

monitoring of gases is very crucial. Gas sensors are very important part of such systems.

Figure 1.6 Typical Gas Sensor [14]

Gas sensors spontaneously react to the gas present, thus preserving the system updated
about any alterations that occur in the concentration of molecules at gaseous state. Figure 1.6

shows atypical gas sensor.
LDR sensor

It is called: LDR, photo resistor, photocell or photoconductor. Light dependent
resistors are light sensors used to sense and measure the light intensity. Sensitivity of LDR

varies with the wavelength of the light applied to it, its resistance increase as the light

12



intensity decrease, which affect the passing electric current [14]. Figure 1.7 is a graph

representing the relation between light intensity and the resistance of LDR.

Dark Daylight Sunlight

10" :
\\:‘\\
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(@) ! N
10 ! ! !
01 ILLUMINATION 1000

(LUX)

Figure 1.7 The relation between light intensity and the resistance of LDR [15]

IR sensors:

Infrared technology is widely used in wireless applications; it is divided into three
regions:

*Near infrared region: from 700 nm to 1400 nm, and are IR sensors, fibre optic.

*Mid infrared region: ranges from 1400 nm to 3000 nm, such as Heat sensing.

*Far infrared region: from 3000 nm to 1 mm, like Thermal imaging.

An infrared sensor is an electronic device used to in sensing motion and remote
controls by either emitting and/or detecting infrared radiation. Its waves are not visible to the
human eye bounded by the visible and microwave regions.

The purpose of operation of the Infrared Sensor used in this project is to detect if a
person crosses through the door. The operation commences by transmitting an infrared signal
from an IR emitter. Then, this signal should be received by the IR receiver in case there is no

obstacle in between [15].

1.4.2 Actuators

Actuators are devices, which converts an input voltage to a physical act. Here are some

demonstrations on some of the actuator utilized in this project.
Stepper Motors

Stepper Motor is a brushless electromechanical device which converts the train of
electric pulses applied at their excitation windings into precisely defined step-by-step

mechanical shaft rotation. The shaft of the motor rotates through a fixed angle for each

13



discrete pulse. This rotation can be linear or angular. It does one step movement for a single
pulse input [16].

Stepper motors are DC motors that move in discrete steps. They have multiple coils

that are organized in groups called "phases"”. By energizing each phase in sequence, the motor
will rotate one-step at a time. Figure 1.8 shows an ordinary stepper motor.

& —

{
-

PM3s.15-11C
12v 780 2811

Figure 1.8 an ordinary stepper motor [16]

When a train of pulses is applied, it turns through a certain angle. The angle through
which the stepper motor shaft turns for each pulse is referred as the step angle. The number of

input pulses given to the motor decides the step angle and hence the position of motor shaft is
controlled by controlling the number of pulses.

If the step angle is more diminutive, the greater will be the number of steps per
revolutions and higher will be the accuracy of the position obtained. The step angles can be

basically as large as 90 degrees and as diminutive as 0.72 degrees, however, the commonly
used step angles are 1.8 degrees, 2.5 degrees, 7.5 degrees and 15 degrees [16].
Octal Buffers with 3-state outputs (SN74LS245) are used to isolate the inputs and the

outputs of the detection unit and the motors circuits to prevent it from damaging the FPGA.
Figure 1.9 demonstrates a SN74L.S245n internal Circuit and pins.

14
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Figure 1.9 SN74L.S245n internal Circuit and pins [17]

ULN2803 is a Transistor Array chip useful to drive high power loads. It consists of an
eight NPN Darlington drivers [1]. ULN280 is demonstrated in Figure 1.10.

Tmmmmmmmm
'évvvvvvﬁ
:AEAEIEALAEALIN
ERERSEEEERERERERE]
g 2 22 2e2ee2ee
=d d&d &2 473 2

Figure 1.10 : ULN2803 internal Circuit [17]

A Darlington pair is two transistors combined together providing high current gain as
24V. It works as a relay, taking a low level input signals and uses that to provide the current
amplification required by the loads, the current that can be drawn at the output is 500 mA [1].

NES555 Timer IC

The latter is an integrated circuit used in numerous applications. The 555 is mainly
used either to provide time delay or to generate periodic signals. Figure 1.11 illustrates the
pin-out and the internal structure of the 555 Timer IC. [29]

15
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Figure 1.11 NE555 Timer Integrated Circuit [29]

The NE555 has three operating modes: Bi-stable, Monostable and A-stable mode. The

two most used are Mono-stable and A-stable modes.
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Chapter I

Home-Automation System

Design
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2.1 Overall system design

The house is handcrafted (using wood) with one chamber with a door, a window;
having electrical curtains, and a gas, light and infra-red sensors. The door has two LDRs and
IR sensors controlling an electrical curtain. The window is similar to the door; however, there
is no IR sensor. This system divided into two parts, the off-chip and the on-chip systems as
demonstrated in Figure 2.1.

The off-chip hardware system is implemented on the breadboard using analogue and
digital circuits; it includes the bidirectional octal buffers, the sensing units, data acquisition
units and motor driving units. The on-chip hardware system is the Qsys system that is

implemented onto the DE10 standard board. The on-chip design is based on the Nios Il/e

Off-chip hardware

Stepper

it
unit unit unit mators un

[ T T1
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( Pral:us:or Mios 1I ] [ ﬂn-:hi;ﬂAM W

Figure 2.1 global system design diagram
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which controls the off-chip hardware through the ribbon cable plugged into the DE10’s GPIO

connector as shown in Figure 2.2.

Figure 2.2 The Fpga connected to the off-ship system through a ribbon cable

2.2 Off- chip system

The off-chip circuit is composed of: Detection Unit (sensors), Electric Curtains, Motor
Driving Units and a Protection Unit. The breadboard holding the off-chip system is shown in

Figure 2.3 below.

Figure 2.3 The off-ship system
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2.2.1 Detection Unit

Four LDR sensors are used to detect the states of whether the door or the window is
opened or closed; when the two LDR signals are logic ‘1’ means that the curtain is down and

logic ‘0’ means the curtain is open. Figure 2.4 shows the circuit for the LDR sensors.
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Figure 2.4 The circuits of the LDR

An IR sensor is used to detect if a person stands before the door, system opens it for

him. Figure 2.5 shows the circuit for the IR sensors.
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Figure 2.5 The circuits of the IR sensors
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A gas sensor is used to detect gas leakage or smoke, then the system automatically
give a buzzer and light alerts and opens the window at the same time. The house lighting is

controlled automatically, through the same process. Figure 2.6 shows the gas detection circuit

5V
R1
10k RV1 10K

5/ O\

K

N

MG-2 GAS/Smoke sensor

L
bl el b

— > Quiput to the FPGA

Figure 2.6 Gas detection circuit

2.2.2 Electric Curtains

The Electric Curtain Unit is designed to open or close the door or the window of the
house, relying on the detection unit which captures and transmits information to the FPGA.
The controller on the FPGA will then send back commands to the house actuators based on
the data received from the sensors.

Two 24V dc stepper motors are used In order to raise the electric curtain of the door
and the window; the motors require high current to turn, it cannot be directly connected to the
DE10 which has low power outputs. Thence, the ULN2803 driver chip is used to power the
motors based on the FPGA outputs to drive these motors.

The controller on the FPGA will then send back commands to the house actuators

based on the data received from the sensors.
Motor Driving Units

The motor driving unit is used to drive motors of the door and window electrical
curtains. It includes amplifiers. The ULN2803 is used to drive the 24V from the 3.3V of the

FPGA. Figure 2.7 shows the electric curtain unit circuit.
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Figure 2.7 the electric curtain unit circuit.

2.2.3 Protection unit

To protect the DE10 board and it’s integrated Equipments; octal Buffers with 3-state
outputs (SN74L.S245) are used to isolate the input current and the output one for the detection
unit and additionally, in the motors circuits. Prevent it from damaging the FPGA.

In order to lower/raise the electric curtain of both the door and the window, two 24V
dc stepper motors are used. These motors require high current to turn and cannot be connected
directly to the FPGA which has low power outputs. The ULN2803 driver chip is used to

power the motors based on the FPGA outputs to drive these motors.

2.3 On-ship system (Qsys System)

An embedded system consists of two parts, hardware and software (firmware). Each
part is useless with the absence of the other. After building the hardware system, the software
takes its roles to manipulate the data and take decision accordingly, it can be written in
assembly language or high level language to be executed by the microprocessor.

The firmware describes the behaviour of the different components used. It is
programmed using Nios Il Assembly language, containing multiple routines shared between
different tasks. The output of the project firmware depends on the received data from the

sensors. It generates an output that controls the house’s actuators through the off-chip system.
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The ON-chip of our system is consisted of the Qsys system includes the Nios Il/e CPU which
is applicable to our system and the on-chip memory and 1/O peripherals.

2.3.1 Steps of the design

Quartus prime 16.1 lite edition is a free edition of Quartus Prime from Intel in which
we are going to work. It is compatible with the Cyclone V FPGA.

In the Qsys platform designer tool, from component library given we select Nios 2/e
processor as demonstrated in Figure 2.8. From the window we select all specifications of the
processor; the data width, on chip memory size, instruction type. Nios 2 has a Jtag interface.

Nios II Core: () i i

() Nios TI/f
Nios II/e Nios II/f
Summary |Resource-optimized 32-bit RISC | Performance-optimized 32-bit RISC
Features ||JTAG Debug JTAG Debug
ECC RAM Protection Hardware Multiply  Divide
Instruction/Data Caches
Tightly-Coupled Masters
ECC RAM Protection
External Interrupt Controller
Shadow Register Sets
MPU
MMU
RAM Usage |2 + Options |2 + Options

Figure 2.8 Nios 2/e processor from the component list

From the same component list we add memory and P1Os to our design as demonstrated

in figures below. The on chip memory added is a 16k byte, and 32-bit data width of type
RAM.
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[~ Memory type

Type: RAM (Writable)
[] Dual-pert access

Single clock operation

Read During Write Mode: DONT_CARE
Block type: AUTO w
|+ size

Enable different width for Dual-port access

Slave 51 Data width: 32w
Total memory size: 16384 bytes

Minimize memory block usage (may impact fmax)

Figure 2.9 adding a Memory (RAM)

JTAG UART

altera_avalon_jtag_uart

|~ Write FIFO (Data from Avalon to JTAG)

Buffer depth (bytes): |g4 o
IRQ threshold: g8

[ ] Construct using registers instead of memary blocks

|~ Read FIFO (Data from JTAG to Avalon)

Buffer depth (bytes): |g4 o
IRQ threshold: 5

[ ] Construct using registers instead of memary blocks

Figure 2.10 Jtag for communication between the host computer and target device.

We then add two PIOs to the design.
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PIO (Parallel I/O)

altera_avalon_pio

|~ Basic Settings

Width (1-32 bits): a

Direction: ) Bidir
(®) Input
() InOut
() Output

Figure 2.11 adding an input PIO with 8 bit data width to our system

PIO (Parallel 1/0)

altera_avalon_pio

[~ Basic Settings
Width {1-32 bits): 3
Direction: () Bidir
() Input
() InOut
(@) Output

Figure 2.12 Adding an output PIO with 8 bit data width to our system

The number of ports and data width of PIOs added is according to our required output
and inputs for motors alarms and for sensors. Connections to external peripherals are grouped
together in three P1Os as follows:

P101: motors: contains eights output signals to control the two stepper motors, four
signals each one.

P102: sensors: contains six input signals to read the data from the different sensors
used, which are four LDRs, one IR sensor, and one gas sensor.

P103: leds_buzzer: contains five output signals to control four LEDs and a buzzer.

We connected our processor to a clock and connect all peripherals to the processor.
The overall design is demonstrated Figure 2.13 as one Qsys system (SOPC). The Inputs and
outputs peripherals are memory-mapped to the addresses demonstrated in the Base/End

columns. This system contains no Non-SOPC part.
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]

Connections

MName

o dk 0
dk_in
dk_in_reset
dk
dk_reset

& 1 nios2_gen2_0

dk
reset
data_master

instruction_master

irg

debug_reset_request
debug_mem_slave
custom_instruction_m...

onchip_memory2_0
[ jtag_uart 0
H motors
M sensors
B leds_buzzer

Description

Clock Source

Clock Input

Reset Input

Clock Cutput

Reset Output

Mios 11 Processor

Clock Input

Reset Input

Avalon Memary Mapped Master
Avalon Memary Mapped Master
Interrupt Receiver

Reset Qutput

Avalon Memary Mapped Slave
Custom Instruction Master

On-Chip Memary (RAM or ROM)
JTAG UART

PIO (Parallel 1/0)

PIO (Parallel 1/0)

PIO (Parallel 1/Q)

Export

clk

Clock

Base

0x8800

0:x0000_4000
0:x0000_2030
0x0000_%020
0x0000_%010
0x0000_3000

IRQ O

End

OnBEff

QxQO0Q0_YEEff
0x0000_35037
0x0000_S02£
0x0000_S01£
0x0000_S00f

Figure 2.13 Nios Il system design in Qsys
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Avalon Switch Fabric

It is used as the interface to its embedded peripherals similar to a traditional bus in a
processor-based system, which is only one bus master access the bus at a time.
After that, saving and generating the design is by clicking on ‘generate’ from the list

and choosing the VHDL synthesis file type.

nios_2 My

buzzer_led_external_connection
{ouszer el cxdarnal connaction cxoodls Ol 4. o
cli
 clk_clk olk
leds_external_connection
Heds_external_congection exoadtiZ Ol

Motor_external_connection
Motor external connectinon exoporti7 01

i

i

inst

Figure 2.14 Nios Il block diagram from Qsys

Next task is to generate our design to obtain a block diagram from Qsys representing
our Nios Il system. Figure 2.14 demonstrates the block diagram generated which we can use
in Quartus prime block diagram builder.

Back in the project on Quartus prime, we open new “schematic and diagram” file.
Browsing components and blocks we select our block. Next we add input and output pins and
save and compile. Next, in the pins planer we assign our inputs and outputs to the GPIO and

compile.
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Flow Status

Cuartus Prime Version

Successful - Wed Jun 12 14:12:34 2079
16.1.0 Build 196 10/24/2016 5J Lite Edition

Revision Mame nios_2 My
Top-level Entity Name nios_2_ My

Family Cyclone v

Device SCSXFCeDEF31CE
Tirming Models Final

Logic utilization (in ALMs) 723 /41970(2 %)

Total registers 991
Total pins 22 /499 (4%)
Total virtual pins o

Total block memory bits 142,336 f 5,662, 720(3 %)

Total DSP Blocks 0/112(0%)
Total HSSI RX PCSs 0/9(0%)

Total HSSI PMA BX Deserializers 0f9(0%)

Total HSSI TX PCSs 0/9(0%)
Total HSSI PMA TX Serializers 0/9(0%)
Total PLLs 0/15(0%)
Total DLLs 0/4(0%)

Figure 2.15 compilation summary of the designed Nios system

The summary in Figure 2.15 demonstrates that the design has consumed 4% of total

pins of the FPGA, 3% of memory blocks and 2% ALMs to build our design.

2.3.2 Software implementation

NIOS Il Software Build Tools for Eclipse is used to create a C program for our Nios 2.
Eclipse compiler compiles the C code to Nios 2 assembly language. Inputs and outputs are

memory mapped. Figure 2.16 shows the dialog box to open eclipse software.
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Select a workspace

Eclipse stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session,

LRt EE\ aplication_of_programes\FPGA\nios_2_ W Browse...

[] Use this as the default and do not ask again

Cance'

Figure 2.16 opening the designed project to write the program code

After initialisation, the processor continuously reads the status of the input sensors, and
according to the read data, it will execute the specific task. The tasks include opening/closing
the door, alarms, and lights... as described below.

The program running on the Nios 2 to control the home is described by means of the
flowchart in Figure 2.17.

The flowchart below describes the flow of the control system. The CPU read the
sensor signals, if gas sensor is triggered it activates the alarm routine (buzzer and yellow
LED’s flashes) and if the window is closed it gives sequence to the window stepper motor to
open it, permitting the gas out. After that, it checks again, and if there is no gas it shut down
alarms and close back the window. If the IR sensor is triggered, it opens the door and turn on
the blue LED’s, otherwise, it closes the door and turn off the blue LED.
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Initialization

‘4

Read the status
of the sensors

Gas sensor
triggered ?

Buzzer on

yellow flashes
/Shutdownalarm/

Window
("ggered ? closed ?

/ Blue LED’s ON N
Blue LED’s OFF Yes

No
Door

closed ?

Yes \ 4

Open the window
Open the door

' (> I

Figure 2.17 workflow of the main program
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Figure 2.18 below demonstrates the home prototype.

Figure 2.18 overall system design
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Chapter 111

OpenCV Based Fire

Detection
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3.1 Overview

In this chapter, we will design a fire detection system using embedded-Linux on the
DE10 board. Application of fire detection as tool has increased. These detection methods
which are based on electronic sensors are usually depending on heat and pressure sensors.
However those methods have fatal errors where they will only work when a certain condition
has been reached. The worst case scenario is when the sensors are damaged or not being
configured properly can cause heavy casualty in case of real fire [18].

Automatic fire detection systems are developed to detect and extinguish fires without
human intervention. From among there comes the Computer vision system which is based on
image processing.

The Figure 3.1 demonstrates the design we used and its different parts.

SD card [ VGA monitor ] (Mouse ] L Keyboard ] ‘ Camera \

On-chip | hardware

SD card VGA controller ‘ USB controller ’

controller

{ Bus Interconnection l
( ARM Processor ‘ ‘ RAM ‘

Figure 3.1 Fire detection system design using predesigned HPS

The system contains off-chip hardware (camera, VGA monitor, keyboard, mouse, and an SD-
card) in addition to an On-chip system. The on-chip system is the HPS system already exist
on the DE10 board with the ARM processor and DDR3 RAM.
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3.2 OpenCV based fire detection system

To work with OpenCV we can use LXDE Desktop Image installed in SD Card and run
it on HPS (Hard Processor System) included into FPGA. The library of OpenCV has been
installed into LXDE Desktop Image. Hence, we can build a code of fire detection system and
compile it using command lines. Figure 3.2 below demonstrates the HPS components coming
by default with the DE10 board.
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File Edit System Generate View Tools Help

M 4 » M El ¥ &

1Z systemContents &3 | AddressMap 5%

Interconnect Requirements &3

I a ﬂ System: soc_system  Path: vga_stream

Use C. Name
V] 1 hps_0
vl B sysid_gsys
vl @] hps_onty_master
vl 1] fpga_only_master
vl @] f2sdram_only_m...
V| ® mm_bridge 0
V] B jtag_uart
vl [ button_pio
] B dipsw_pio
vl ® led_pio
vl B ILC
V] ® dk_0
V| @ alt_vip_vfr_vga
V| ® alt_vip_itc_0
F vga_stream
CH ik
out_ck

Description

Arria V{Cyclone V Hard Processor System
System 10 Peripheral

ITAG to Avalon Master Bridge
ITAG to Avalon Master Bridge
ITAG to Avalon Master Bridge
fvalonMM Pipeline Bridge

JTAG UART

P10 (Parallel 1j0)

P10 (Parallel 1/0)

P10 (Parallel 1/0)

Altera Interrupt Latency Counter
Clock Source

Frame Reader

Clocked Video Output

Clock Bridge

Clock Input

Clock Qutput

Export

vga_stream

Clock
multiple
ck_0
ck_0
ck_0
ck_0
dk_0
ck_0
clk_0
ck_0
clk_0
ck_0
exported
multiple
voa_strea...

exported

vga_stream...

Base

multipla
0x0001_0000

0:x0000_0000
0x0002_0000
0x0000_5000
0:x0000_4000
0x0000_3000
0x0003_0000

0x0003_1000

End

multipla
0x0001_0007

0x0003_ffff
0x0002_0007
0x0000_500£
0x0000_400£
0x0000_300£
0x0003 00£E

0x0003_107E

RQ

Figure 3.2 HPS system component
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3.2.1 OpenCV

The DE10-Standadrd LXDE Desktop BPS has built-in OpenCV library, therefore user
can use the library to perform computer vision functions. In addition, the BPS includes the
required toolchain for building OpenCV application; therefore developers can directly

develop and execute their project on the LXDE Desktop. No cross-compile is required [5].

3.2.2 Ubuntu LXDE Desktop Image

LXDE is a lightweight desktop alternative to Unity, GNOME and KDE. It is ideal for
old computers or anyone looking for a fast, lightweight system. LXDE contains the basic

features for a stripped-down, yet approachable, desktop environment [19].

3.2.3 Implementation of the system:

Figure 3.3 below demonstrates the system hardware.

Figure 3.3 Fire detection system
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Linux on SD card

After downloading the LXDE Desktop Image from the Terasic website, it is then

copied into a microSD card using Win32 Disk Imager utility.
Connecting the camera and other peripherals

Now, we can connect the camera and other accessories such as mouse, VGA monitor
and a keyboard to the FPGA and then run the system, the Ubuntu LXDE has a set of drivers

to read those basic devices.
Fire detection software

Before writing the code, some knowledge must be known about the fire to determine it
in each pixel Based on fire characteristics. Accordingly, some researchers studied these data
and summarized in some equations to use in building a code of fire detection.

Fire is the rapid oxidation of a material in the exothermic chemical process of
combustion, releasing heat, light, and various reaction products.

Our fire detection system is implemented using OpenCV based on embedded-Linux.
Research demonstrated that flames have specific colour properties. These properties are then
extracted from a live video in each frame and used to detect the flames. In this project, RGB
and Y, Cb and Cr colour spaces are both used to process live stream images.

In order to create the colour model for fire, several images having fire have been
analysed. Since the colour of fire is generally close to red and has high illumination, then we
can use this property to derive the required colour model. The program is described with the
flowchart bellow in Figure 3.4.

The camera reads a frame and sends it to the CPU; the program treats the frame as
three separated basic colours Red, Blue and Green. It converts them to Y, Cb, and Cr model.

Using conditions:

Y = 16 + R * 65.481 + G * 128.553 + B * 24.99 3
Cb= 128 + R * —37.797 — G * 74.203 + B * 112.0 4
Cr = 128 + R * 112.00 + G * —93.7864 + B x —18.214 5
Then we can summarize the conditions to four rules:

Rulel: ((R(x,y) > G(x, y))&&(G(x,y) > B(X,y))) 7

Rule2: (R(x,y) > 190) && (G(x,y) > 100) && (B(x,y) < 140) 8
Rule3: Y(x,y) >= Cb(x,y) 9
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Rule4: (Cr(x,y) >= Cbh(x,y) 10
If a pixel satisfies the fire detection rules, its output is white, if not it is black pixel.

After reaching the last pixel if there is more than 500 pixel of fire it gives the written alarm

“fire detected”, otherwise, it goes to the next frame and so on.
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Read Frame

4

comvert RGE color
space to YChCr
color space

v

P[ Mext Pixel (loop) ]

pixel satisfies fire color
conditions ?

[Dutput Pixel Black ]
1

[Dutput Pixel White ]
| |

Reach last

Pixel ?

Mo

Mo

Number of white

Pixels = 500 2

* Yes

Alarm : Fire Detected

v

>[ Show the result in window video ]

MNo

Figure 3.4 fire detection system flowchart
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The execution of the program is shown in the figures bellow. In Figure 3.5 the real image of
fire, and in Figure 3.5 it is shown the masked image with only fire is in white and a message

says “fire detected”.

e

i == ord('q’):
break

Jut, cv2.COLOR BGR2RGB)

8.553)+(b*24.996)

cb = 128 + (r*-13.797)-(g*74.203)+(b*112.0)
cr = 128 + (r*-112.0)-(g*-93.7864)+(b*-18.214)
ycber = cv2.merge([y,cb,cr])

m '.mot@[)&lo-smn I | root I 7 first_fire.py EMM l

Figure 3.5 fire image with real colours

Here is an image after the mask is on. It shows only fire perimeter in white colour and writing

a message “fire detected” as shown in Figure 3.6.

utl)

== ord('q'):
break

ut, cv2.COLOR BGRZRGE)

T — B.553)+(b*24.996)
cb = 128 + (r*-13.797)-(g*74.203)+(b*112.0)
cr = 128 + (r*-112.8)-(g*-93.7864)+(b*-18.214)
yeber = cvl . merge([y.cbh,cr])

m I-um:@DEln-SEan...L rent I #lirst_fire. py Emﬂput |

Figure 3.6 Image from the program execution (masked)
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Chapter 1V

Conclusion
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Our project was a combination of software and hardware design tasks. We have
enriched our skills in hardware -by means of implementing different circuits- and software
with the Fire detection system. During the process of implementing this system, we have
faced a large number of software and hardware problems. Overcoming these problems
provided us with a valuable experience and improved our problem solving skills.

The implementation has successfully worked. The response of home system was
automatic and at real-time. The detection unit can detect gas leakage, and automatically alerts
the owner; then the system automatically generates a buzzer and light alarms and opens the
window at the same time. The window curtain opens whenever there is gas leak detected to
evacuate the house, and close automatically when there is no more gas. The door curtain was
very accurate because of the LDR’s. IR sensor works with curtains; therefore if a person
passes the IR sensor sends logic ‘0’ to the controller on the FPGA, which will then send back
commands as a sequence elevate the door curtain. After he passes the curtain will
automatically close.

For OpenCV section, the Fire Detection responds at real-time. The system detects any
fire captured by means of the USB camera at any part of the frame. It donates a masked
output image black and white for fire, and outputs a text alarm “Fire Detected”. The system
has perfectly given the expected results.

For the future, the home automation and fire detection system can be integrated in one
system running on the embedded-Linux within the DE10 board. Knowing the fact that Linux
is running on HPS; this can be done by configuring HPS using Qsys tool and generating
custom component for 1/O peripherals, sensors and actuators on FPGA to connect HPS with
FPGA. Also, creating drivers for these components on Linux kernel is a must, to permit Linux
recognize them, as the DE10 board supports Ethernet access, an access point can be added to
the system and acts as an intermediary device between the user Smartphone and the FPGA. A
streamed video to the user smartphone can be developed using IP camera, the user can watch
a live video of the house. An Android application can be developed to permit the user to
control all the home lights and curtains and Camera from distance with an easy reliable
interface. As an extension for the OpenCV system, a face recognition algorithm can be used.
A camera at the door captures and processes the face of the person standing in front of the
door, the control system opens the door if the person is authorised or deny access otherwise.
Several cameras can be put inside the house and outside to accomplish different tasks like

face recognition, fire detection, surveillance or live streaming.
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