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Abstract: This project describes the techniques for designing, implementing, and controlling a home automation system
using FPGA through a wireless server. Home automation systems have fascinated considerable attention with the
advancement of Future Home. Smart Home is an automated home system in that each device has sensors, actuators, and
controllers connected through Wi-Fi so we can control them whether you're at home or miles away. It enhances comfort,
automation, and safety. It also gives security for a better life quality for residents. We all know that many automation
systems have evolved in recent years. Mostly home automation systems are built for short ranges using Bluetooth, Wi-
Fi, and GSM modules. The most important part of this project is to develop home automation using FPGA through a
wireless server so that we can control the home appliances remotely. FPGA - Field Programmable Gate Array used for
expanding the home automation in the future. By using the FPGA we can collect the data and control or access the digital-
led switches. Mainly the proposed system aims to cover end-to-end Smart Home appliances using FPGA instead of
microcontrollers. However, FPGA that acts as a processor and a controller is used to collect data and process it more
efficiently in place of a microcontroller. The advantage of using FPGA is that we can extend it to various appliances for
future needs.
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INTRODUCTION

The Internet of things makes the home Smarter that allows users to control and monitor home appliances using the
Internet. 10T is a design of interrelated computing devices that can communicate data through a server without requiring
human interaction. The smart home is an umbrella term for the automation, digitization, and interconnecting of home
automation. All home automation system refers to 10T devices that can be automated using real-time over the Internet.
Home automation works through devices that are connected to the Internet. Nowadays, homes have some “smartness
technology” because various devices have built-in sensors and controllers which adapt to environmental conditions. Smart
Home devices can be linked through a Wi-Fi router is an access point (AP) to control home appliances. These connected
devices can be managed or controlled in several ways like Voice Assistant, web page, or an app. Home automation works
on three criteria monitoring, control, and automation. A Smart home enhances the security and safety of the house, which
can detect people and control the doors without interaction. There are a lot of benefits to using loT devices like
productivity improvement, predictive analysis, rapid response, reduction of human errors, security improvements, cost
efficiency, and collaboration with Al technology. Thus smart home makes our life easier, safer, and more convenient. Fig
1 shows the home automation setup. ‘ /

——

Fig 1: Home Automation Setup
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METHODOLOGY

In designing a home automation system, one or more suitable platforms are used for building a reliable and flexible
system that can be easily operated and adapted for a new household appliance. Therefore, for this project, some specific
choices were made on the type of platform, hardware components, and mode of operation of the home automation system.
We designed the system based on FPGA, Wi-Fi, and relay modules. FPGA can be controlled and automated by various
devices by using one board. The system consists of two primary components FPGA and the Wi-Fi module. The Wi-Fi
connects the FPGA with the J-channel. By connecting with Wi-Fi, we can automate the appliances at home. The Wi-Fi
router acts as the access point (AP) and is identified by its SSID (Service Set Identifier). By Interfacing the FPGA and
Wi-Fi module, we can connect to the Wi-Fi server using the IP address. After connecting with the Wi-Fi, we can control
the led switches. By interfacing the relay module to the led, we can operate the relay to turn on and off.

HARDWARE REQUIREMENT

FPGA(Zedboard): Zedboard was developed for the wireless control of home appliances, such as lights, sensors, door
locks, thermostats, and similar. Through the use of Zedboard, a house or home becomes smart. The main objective of a
smart home is to make your life simpler, easier, and, more pleasant and to increase your security and comfort. And this
is where Z-board comes in. The ZedBoard is a low-cost development board for the Zyng-7000 all programmable SoC
(APSoC). Zyng-7000 APSoCs have a tightly coupled ARM processing system and 7-Series programmable logic to create
unique and powerful designs. It has three types of memory. They are 512Mb of DDR3 RAM, 256Mb of Quad-SPI FLASH
memory, and 4GB of SD card. It has a USB-JTAG programming port, USB OTG, and a USB-UART port. It has a
processing system and programmable logic Input/Output expansion (FMC, Pmod, XADC) for easy user access. It
contains 12S audio CODEC. It meets all the requisites for creating the ideal smart home and smart living: reliable and
secure communication, simple installation, low power consumption, remote or local control, several available devices,
interoperability, and affordability

Wi-Fi Module: ESP8266 is a Wi-Fi-enabled system-on-chip (SoC) module developed by the Espressif system. It is used
for the development of 10T applications. It can provide internet connectivity to all 10T applications. It has the capability
to be used as Station as well as Access Point or both combined. It supports serial communication and is compatible with
many development platforms like Arduino. It employs a 32-bit RISC CPU at 80 MHz. It comprises 64 KB boot ROM
with 64 KB instruction RAM and 96 KB data RAM. It utilizes flash memory and can facilitate all 10T developments.

Relay Module: In a 5V 4-channel relay interface board, each channel needs a 15-20mA driver current. The board has
Some input pins like Vcc is a system power source, jD_VCC is the relay power source, GND is the Ground pin, and IN1-
IN4 relay control port and the maximum output of the relay is DC 30V/10A, AC 250V/10A. The relay terminal (COM,
NO, and NC) comes with a LED to indicate the status of the relay.

PROPOSED SYSTEM

A practical approach to design, fabrication, and validation of an loT-based portable automation system called 10T Home
for Smart Homes. The main contribution of the system is to automate home appliances like doors and electrical appliances
from anywhere using the cloud server. It enables 10T automation and automation of Smart Home by using FPGA and a
Cloud-based Server. Bluetooth technology is useful when transferring information between two or more devices near
each other when data transmitting speed is not an issue, such as telephones, printers, modems, and headsets. It is best
suited to low-bandwidth applications like transferring sound data with telephones or byte data with hand-held computers
(transferring files) or keyboards. Wi-Fi is better suited for operating full-scale networks because it enables a faster
connection, better range from the base station, and better wireless than Bluetooth Mainly, the proposed system aims to

cover end-to-end smart home automation that can be accessed from anywhere globally, and also the advantage is FPGA
process instruction in parallel processing. It increases safety and security and enhances life quality and convenience. The
block diagram of the proposed system is shown in fig 2. The circuit diagram of the proposed system is shown in fig 3.
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Fig.2: Block Diagram of Proposed System
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Fig.3: Circuit Diagram of Proposed system
WORKING
Software Implementation:
This software implementation constructs the circuit to interface the Wi-Fi module and Zedboard. Connection of DDR

pins into ZYNQ 7000 Processor and connection for fixed 1/O pins into LEDs 8bits and switch 8bits outputs. Simulating
the circuit to generate an approximate gain for system running time for the calculated gain.

The value is

. run: Time (s): CPU = 00:00:06 ; elapsed = 00:01:58, Memory (MB): peak = 2862.719 ;
gain = 0.000.

. x-sim: Time(s): CPU = 00:00:18; elapsed=00:02:17, Memory (MB): peak = 2862.719;
gain = 8.645.

. launch simulation: Time (s): CPU = 00:00:34; elapsed = 00:04:21. Memory (MB):

peak = 2862.719; gain = 27.012
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o Clock pulse of FPGA is edges are rise -rise, worst negation slack = 3.773 ns, total negative slack =0, total
endpoints = 1814 ns.
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Fig 4. Simulation Circuit Diagram
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Fig 5. Device Interior Connection
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TOTAL POWER OF THE CIRCUIT CONSUMING:

Tcl Console | Messages | Log | Reports | Design Runs | Methodology | Nolse | Timing | Power

Q /& C H : Summary
Settings h / A : £ "
B - . Power analysis from Implemented netlist. Activity derived from constraints On-Chip Power
Bummary (1.683 W, Margin: N/A)|  files, simulation files or vectorless analysis. ;
POwEr Sipp Dynamic: 1538W (91%
Utilization Detail Total On-Chip Power: 1.683 W
ilization Details 4 W Clocks:  0004W
Deslgn Power Budget: Not Specified o
g Signals: 0002 W
Power Budget Margin: N/A 91%
. 1 Logic: 0.001 W
Junction Temperature: 44.4°C
y 1/0: 0002W (<17
Thermal Margin: 406°C (34 W)
M rs7; 1529 W
Effective JA: 1.5°C/W
Power supplied to off-chip devices: 0W 9% Device Static. 0144 W
Confidence level: Low

Launch Power Canstraint Adyisor to find and fix
invalid switching activity

Fig 6. Total Power Summary

Tcl Console Messages Log Reports Design Runs Methodology Noise Timing Power
Q = L (& t=d : Power Supply
Settings Supply Source Voitage (V) Total (A) Dynamic (A) Static (A)
Summary (1.683 W, Margin: N/A) Vccint 1.000 0.022 0.007 0.015
[F;O\;vré;isil:u;‘;lﬂ Vccaux 1.800 0.015 0.000 0.015
Utilization Details Vcco33 3.300 0.002 0.001 0.001
Vcco25 2.500 0.000 0.000 0.000
Vcco18 1.800 0.000 0.000 0.000
Vcco15 1.500 0.000 0.000 0.000
Vcco135 1.350 0.000 0.000 0.000
Vcco12 1.200 0.000 0.000 0.000
Vccaux_io 1.800 0.000 0.000 0.000
Vccbram 1.000 0.001 0.000 0.001
MGTAVcc 1.000 0.000 0.000 0.000
MGTAVIt 1.200 0.000 0.000 0.000
MGTVccaux 1.800 0.000 0.000 0.000
Vccpint 1.000 0.748 0.718 0.030
Vccpaux 1.800 0.061 0.051 0.010
Vcecpll 1.800 0.017 0.014 0.003
Vcco_ddr 1.500 0.459 0.457 0.002
Vcco_mio0 3.300 0.003 0.002 0.001
Vcco_mio1l 1.800 0.003 0.002 0.001
Vccadc 1.800 0.020 0.000 0.020

Fig 7. Table Of Power Supply For All Pins
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TclConsole  Messages Log | Reports | Design Runs | Methodology | Noise Timing | Power
Summary Q X & 1/0BankDetails
Messages (2)
Name Port 1/0 Std Veco Slew Drive Strength (.. ~ Off-Chip Termina.. Remaining Margin.. Notes
1/0 Bank Details
1/0 Bank 0
Links
1/0 Bank 13 LVCMOS33 330 SLow 12 FPVIT S0
AATT ESP_TX LVCMOS33 330 SLow 12 FPVTTS0 99.40
1/0 Bank 33 (& LVCMOS33 330 SLow 12 FPVIT S0
T2 leds_8bits_tri_o[0] LVCMOS33 330 SLow 12 FPVITS0 5127
T21 leds_8bits_tri_o[1] LVCMOS33 330 SLOwW 12 FPVTTS0 7168
u22 leds_Bbits_tri_o[2] LVCMOS33 330 SLow 12 FPVITS0 46.76
u21 leds_8bits_tri_o[3] LVCMOS33 330 SLowW 12 FPVIT.S0 79.84
V22 leds_8bits_tri_o[4] LVCMOS33 330 SLOwW 12 FPVTT S50 64.82
w22 leds_8bits_tri_o[5] LVCMOS33 330 SLOW 12 FPVTTS0 59.27
u19 leds_8bits_tri_o[6] LVCMOS33 330 SLow 12 FPVTT S0 9597
U4 leds_8bits_tri_o[7]  LVCMOS33 330 SLow 12 FPNTTS0 9822
1/0 Bank 34
1/0 Bank 35

Fig 8.Table Of Noise Rate For 1/0O Bank Details

HARDWARE IMPLEMENTATION

The project contains the setup of FPGA (Zedboard ZYNQ) and Wi-Fi module ESP8266. By interfacing the Wi-Fi module
to the Zedboard using its J-channel that has GPIO pin, Transmitter, and receiver pins. Implementing the C++ program
for connecting the Wi-Fi module to the Wi-Fi router. After Starting the HTTP server, we can use the IP address of the
Wi-Fi router to send data from the device and execute it in the led 8bits. The proposed system model is pictured in Fig. 7
The 8bit LEDs are turned on according to the input data which has been given by the user. The Input data and output of
the led 8 bits in the proposed system are pictured in Fig. 8 and Fig. 9. We can also collect the data on LED’s switch
position from Zedboard. The Switch position of the board and output of the switch position are pictured in Fig. 10 and

Fig. 11.
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Fig 10. Input data of LEDs Fig 11. The output of led 8bits
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Fig 12. Switch Positions on Board Fig 13. The output of Switch Position
CONCLUSION

This Project has the potential to create a revolution in home automation systems. The FPGA had selected as, compared
to microcontrollers, it provides many input/output ports and the parallel implementation of hardware results in faster
algorithm execution. The user interface on the mobile phone communicates with the FPGA using the Wi-Fi interface.
Our future work will concentrate on including various devices to expand home appliances. So that the proposed system
of real-time automation can be made universal.
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