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Abstract 

A serial communication interface based on FPGA (Field Programmable Gate Array) has been designed, used for data 
communication with other equipment. The realization of this  serial communication function under the condition of without any 
increasing in hardware resources. Main objective of Project is to implement Non-Standard/standard baud rate Synchronous 
RS232/RS422 required for testing of embedded computer. In order to test this requirement RS232 transmitter with non-standard 
and standard baud rate with clock output is implemented using Virtex6 FPGA Evaluation board. RS232 PROTOCOL Standard 
for serial binary single-ended data and control signals connecting between two terminals.   It mainly to achieve Non standard and 
standard Baud Rate  Synchronous Transmission. A typical activity that might use a synchronous protocol would be a transmission 
of files from one point to another. As each transmission is received, a response is returned indicating success other need to resend. 
The term asynchronous is usually used to describe communications in which data can be transmitted intermittently rather than in 
a steady stream Data is serialized in the following format-1 start bit (logic 0),8 data bits., stop bit (logic 1). The DIP switches in 
the FPGA kit are acts as input and used to set the baud rate and control the transmission of the data. Using the control DIP 
switch, the transmission of data is started. The sent data is verified in the LCD whether data is transmitted and received by 
displaying pass/fail. The output can verified in LCD  of transmitted and received data in non-standard baud rate. 
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1. INTRODUCTION 
The purpose of this application note is to attempt to describe the main elements in Serial Communication. This 
application note attempts to use technical details of RS232, RS422 for non-standard baud rate of synchronous serial 
communication. A serial communication interface based on FPGA (Field Programmable Gate Array) has been designed 
in this paper, used for data communication with other equipment. It guarantees the realization of the 
serial communication function under the condition of without any increasing in hardware resources.  Synchronous 
communication requires that each end of an exchange of communication respond in turn without initiating a new 
communication. A typical activity that might use a synchronous protocol would be a transmission of files from one point 
to another. As each transmission is received, a response is returned indicating success other need to resend. The term 
asynchronous is usually used to describe communications in which data can be transmitted intermittently rather than in a 
steady stream. The difficulty with asynchronous communications is that the receiver must have a way to distinguish 
between valid data and noise. In computer communications, this is usually accomplished through a special start bit and 
stop bit at the beginning and end of each piece of data. For this reason, asynchronous communication is sometimes called 
start-stop transmission. The main objective of Project is to implement Non-Standard/standard baud rate synchronous 
RS232 required for testing of embedded computer .To test the functioning   this requirement RS232 transmitter and 
receiver   with non-standard or standard   baud rate with clock output is implemented using Virtex6 or spartan3 FPGA 
Evaluation board. RS232 is Standard for serial binary single-ended data and control signals connecting between two 
terminals. So we are interfacing between the two boards they are FPGA and embedded computer. The output will be 
displayed on the FPGA LCD display screen. Mission management [1] computer needs to crosslink with various 
equipments, and the types of communication interface are different. A serial communication interface based on FPGA 
(Field Programmable Gate Array) has been designed in this paper, used for data communication with other equipment. It 
guarantees the realization of the serial communication function under the condition of without any increasing in 
hardware resources [1]. 

 
2. REVIEW OF LITERATURE 
Literature survey is a prerequisite for developing latest concepts for implementing the project. To carry out the project 
work in proper manner it is necessary to conduct literature survey. The serial communication protocol for FPGA based 
SOC applications is shown [2], which reduces the development cycle, reduces the man power investment and increases 
reliability. The General Dynamics Advanced Information Systems Advanced Embedded Computer (AEC) [3] is a leading 
edge, flexible, and rugged processing product family which can be readily configured to meet the needs of modern 
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military systems, from benign laboratory to harsh avionics environments.  This is research oriented project so we are 
developing own test setup for embedded computer. In this project we are implementing Non-Standard/standard baud-rate 
synchronous RS232 required for testing of   embedded computer in FPGA. In order to test this requirement RS232 
transmitter and receiver is used in Virtex6/spartan3 FPGA Evaluation board. it is connected to embedded computer  , data 
is transmitted and received through FPGA and any embedded kit  but  displaying output in   LCD  display. LCD output is 
display.  The projected which is implemented using RS232 protocol without using parity bit.It is a standard for binary 
serial communications between FPGA and embedded computer devices. This will provide more efficient and flexible way 
of communication.  RS-232 is a standard communication protocol for linking computer and its peripheral devices to allow 
serial data exchange.  It defines the voltage for the path used for data exchange between the devices. . To overcome this 
problem a single integrated circuit called as UART known as universal asynchronous receiver/transmitter is used in 
conjunction with RS232. So in my project the RS232 is using for communication, it is one to one communication .so it 
can be enhancement can be made by RS22 cable. it is a Standard interfaces are  designed for greater distances and higher 
Baud rates than RS232. 

 
A. Latest researches on avionics computer or embedded computer 
Avionics are the electronic systems used on aircraft, artificial satellites, and spacecraft. Avionic systems include 
communications, navigation, the display and management of multiple systems, and the hundreds of systems that are fitted 
to aircraft to perform individual functions. These can be as simple as a searchlight for a police helicopter or as 
complicated as the tactical system for an airborne early warning platform. Avionics are the electronic systems used on 
aircraft, artificial satellites, and spacecraft. Avionic systems include communications, navigation, the display and 
management of multiple systems, and the hundreds of systems that are fitted to aircraft to perform individual functions. 
These can be as simple as a searchlight for a police helicopter or as complicated as the tactical system for an airborne 
early warning platform. Advanced Embedded  Computer is High-performance, COTS-based, open systems architecture 
product family, configurable to any operating environment Flexible power and advanced technology in a low-cost mission 
processing and display generation system .The  Open Architecture Embedded Computer is a compact, open architecture, 
airborne, modular computer for mission processing and display generation.  The result is a modular, open architecture 
design featuring Compact PCI™/PMC technology enabling the utilize a wide variety of off-the-shelf modules. This, in 
turn, simplifies the upgrade process and allows the computer to support new processing and peripheral elements as they 
become available. Designed and qualified to operate in a severe military environment. 
 
B. Latest research on FPGA for interfacing with embedded computer  
The Virtex-6 FPGA ML605 Evaluation Kit provides a flexible environment for higher-level system design including 
applications which need to implement features such as DDR3, Gigabit Ethernet, PCI Express®, and other serial 
connectivity. The ML605 development board includes industry-standard FMC (FPGA Mezzanine Card) connectors for 
scaling and customization to specific applications and markets. The integration of Xilinx development tools help 
streamline the creation of systems that adhere to complex requirements 
 
3. METHODOLOGY 
A. RS232: RS-232 (Recommended standard-232) is a standard interface for connecting serial devices. In other words, 
RS-232 is a long established standard that describes the physical interface and protocol for relatively low-speed serial data 
communication between computers and related devices. The latest version of the standard and changed the name to EIA-
232-D. Many people, however, still refer to the standard as RS-232C, or just RS-232. RS-232 is the interface with 
embedded computer uses to transmit and receive data in non-standard baud rate. The serial ports on most computers use a 
subset of the RS-232C standard.  There is a standardized pin out for RS-232 on a DB9 connector. 
B. phase-locked loop or phase lock loop (PLL) is a control system that generates an output signal whose phase is related 
to the phase of an input signal. While there are several differing types, it is easy to initially visualize as an electronic 
circuit consisting of a variable frequency oscillator and a phase detector. In our project we use 66 MHz clock input to 
PLL.PLL is having clock dividers of 16.so to generate PLL clock frequency of 4.125 MHz internally.   
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C. FPGA evaluation ml605 board description 
The 66 MHz clock available on FPGA kit is used to generate the reference clock  for required baud rate  from pll 
Data is serialized in the following format 
1 start bit (logic 0). 
8 data bits. 
1 stop bit (logic 1). 
Reference clock and data are routed to two pins of the FMC connector. 
The signals from FPGA kit are routed to the MAX232 chip. 
MAX232 chip does voltage level shift and logic inversion for the incoming signal to make it RS232 compatible. 
Converts 2.5V FPGA signals to -10V signal. 
Converts 0V FPGA signals to +10V signal 
 
D. DIP switches 
DIP switches are also used to assign functionality for each Accessory Control. This information can be reported by 
Programming Mode: Accessory Control Commands available through the GRX-PRG. For commands that include an 
Accessory Control parameter, the Accessory Control address is represented by a single character 1 to G. Characters 1 to 9 
represent addresses 1 to 9, characters A to G represent addresses 10 to 16.A frame is a complete and no divisible packet 
of bits. A frame includes both information (e.g., data and characters) and overhead (e.g., start bit, error checking and stop 
bits). In asynchronous serial protocols such as RS-232, the frame consists of one start bit, seven or  
Eight data bits, parity bits, and stop bits. A timing diagram for an RS-232 frame consisting of one start bit, 7 data bits, 
one parity bits and two stop bits is shown below in figure 24. Note that the exact structure of the frame must be agreed 
upon by both   transmitter and receiver before the comm.  This switches acts input in FPGA kit. So baud rates can be set 
depending on non-standard and standard baud rates for synchronous serial transmission. it will set baud rates depend on  
four states; 
    00 -> 2 kHz (non-standard) 
    01-> 4 kHz (non-standard) 
    10-> 8 kHz (non-standard and variable) 
    11->2400baud rate (standard and fixed) 
 
LCD DISPLAY:  
1. The difference between 4 bit and 8 bit operation is that data is sent out as nibbles instead of as one byte. 
2. D3:0 are not used on the LCD when the module is operated in 4-bit mode and D7:4 are used to transfer nibbles to/from 
the LCD module. Note: D7 is the MSB. 
3. Commands and data are still 8 bits long, but are transferred as mentioned above as two 4-bit nibbles on data bus lines 
D7:4. 
4. the most significant nibble should be transferred first, followed by the least significant nibble. 
4. The optimal contrast for the LCD is 3.3 - 3.7V 
 
4. DESIGN AND IMPLEMENTATION 

 
 VHDL/verilog code is written and compiled in Xilinx ISE Design suite 14.1, 10.1, questasim 10.1. 
 The code is then ported into linear BPI Flash memory which is non-volatile. 
 During startup, the FPGA will automatically configure the program from BPI flash memory. 
 The DIP switches in the FPGA kit are acts as input and used to set the baud rate and control the transmission of the 
data. 
 Using a RS232/RS422 cross connection cable the test setup is connected to the any embedded computer. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 5, May 2014   ISSN 2319 - 4847 
 

Volume 3, Issue 5, May 2014 Page 337 
 

 Using baud rate DIP switch , standard baud rate of 2400 bits per second is selected 
Initially, but it will change for non-standard baud rates. 
 Using the control DIP switch, the transmission of data is started. 
 The sent data is verified in the LCD interface display by displaying whether the transmitted data is pass/fail  
 
5. DESIGN 
 In the project we are using 66Mhz clock frequency has reference clock for FPGA implementation. So for calculating time 
period of FPGA transmission, so we first send clock frequency to phase-locked loop. The phase locked loop will divide it by 
clock divider. Clock divide will divide by 16 to get required time period. 
 Time period =PLL Clock frequency/clock divider 

= 66x10^6 MHz/16 = 4.125 MHz.   
A frequency divider, also called a clock divider, is a circuit that takes an input signal of a frequency, , and generates an 
output signal of a frequency: 
 

where  is an integer. Phase-locked loop frequency synthesizers  make use of frequency dividers to generate a frequency 
that is a multiple of a reference frequency. Frequency dividers can be implemented for 
both analog and digital applications. After obtaining PLL output time period it is given to baud rate generator as input 
clock with reset input. In the baud rate generator we have to generate different clock cycles for different frequencies. So 
by using these different baud rates we can establish transmitter and receiver for different clock frequencies obtained in 
serial transmission. It sends the data serially in ASCII or binary format. So we calculate different baud rate clock cycles 
for different frequency and it controlled by dipswitches. Dip switches operates as input in Baud rate generator so that we 
can select the different frequencies .So here below calculated for different frequencies  with relevant formula 
No of clock cycles = time period of PLL output frequency / given baud rate frequency 

For “00” condition       = 4.125 MHz/2k        
 = 2062 clock cycles         non-standard 

   For “01” condition      =4.125 Mhz/4k 
                         =1031 clock cycles          non-standard 
   For “10” condition      =4.125 Mhz/8k 
                       = 516 clock cycles          non-standard 

 For “11” condition      = 4.125 MHz/2400 
= 1718 clock cycles           standard 

 
This is   we calculated for different frequencies, based on these baud rates we start the serial transmission for embedded 
computer for testing the device in FPGA. Next we start the serial transmission process. In serial transmission, we testing 
FPGA board and any embedded computer. So we start sending the information from the   FPGA kit through the dumped 
code in board .the code has been dumped to FPGA board from the pc.The information send in the form of binary data or 
ASCII values so it sends serially .this information can be regarding processor information of the mission or embedded 
computer, this data transfer operation in LCD display can be easily done. So it sends the information serially in the channel 
channel it is transmitted to embedded computer for testing the device whether the data is transmitted and received through 
through the RS232. RS232 is standard protocol for serial transmission and it is works as communication channel for the 
embedded computer. To make RS232 compatible, we use the max232 chip. The signals   from FPGA kit are    routed to the 
the MAX232 chip. MAX232 chip does voltage level shift and logic inversion for the incoming signal to make it RS232 
compatible. It Converts 2.5V FPGA signals to -10V signal, Converts 0V FPGA signals to +10V signal. When transmitting 
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transmitting the data and receive the data in communication channel it will check for status message. So status signal is 
established between the two devices. It is named as status flag. It sends a one it data. When the error message is detected it 
it will go to low in simulation and display as FAIL in LCD, then there is no processing of communication. If no error 
message is detected, then status flag will be high. But in displaying PASS in LCD. Then it will further display baud rates 
frequencies. Here below i shown the LCD display will work and displaying data. 
 
6. SIMULATION RESULTS 
The simulation of can shown in different stages 

 Baud rate generator 
 RS232 serial transmission 
 LCD display. 

The simulation output for baud rate generator 

 
 

 
RS232 SERIAL TRANSMISSION SIMULATION 
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Simulation for the RS232 transmission through  RS232 cable. it will set voltage converter (TTL converter) 

 
 
LCD display output 
It is integration of overall project code for displaying on the LCD screen .it will select the different baud rates for serial 
transmission in FPGA and embedded computer. it will start counting values up to  
8bits per one  cycle. start_bit_flag will be high. 

 
Fig 4.6 LCD display 

7. APPLICATIONS 
 Because of its configurability and flexibility, the AMC can be used efficiently in a wide range of applications, ranging 
from embedded module functions to full-scale multicomputer configurations. 
 The system operates reliably in avionics, ground-based, and shipboard extreme conditions. Some of the general areas in 
which General Dynamics has experience and 
to which the AMC can be applied are Mission Processing, Sensor Processing, Display Processing, Stores Management, 
Information management. FOR testing of RS232 communication channel of transmitter and   receiver. It is used in 2nd 
generation Fan less embedded computer. 
 Operational/Mission functions like Navigation and Guidance management, 
Fire control computations and  management. 
 Functions which manage/link external equipments like sensors, armament stores, data communication. 
 
8. CONCLUSION 
With the enhancement of the comprehensive mission management system integration rate, the equipments with which 
Embedded computer needs to cross-link are more and more. In this paper the design method of the private serial interface 
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based on FPGA is shown, it has realized the new function, shortened  the development cycle, reduced manpower 
investment and adhered to the principle of the  module standardization in the case of without increasing original module 
kind. This is mainly used serial transmission in advanced avionics computer. It uses the RS232 for one to one 
communication, it operates in different baud rate frequencies in synchronous communication .it will used in display 
systems in avionics and aircraft computer. Further it can enhance to used for multiple systems for different baud rates 
with different frequency and baud rates. it operates in synchronous communication ,further it can be use RS422 for 
multiple systems .by using this we  can we can get the multiple receivers, it will connect to multiple equipments for 
parallel communication 
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