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Abstract- Avionics units such as Line Replaceable Units (LRU’S) consists of many interfaces. The complexity of these 
interfaces has been increasing rapidly because of the rapid growth of Integrated Circuits (ICs) technology. As a consequence, 
it became essential to validate the interface circuits in hardware to overcome the product failures. This paper presents a novel 
approach for validating Rs-422 interface of an avionic unit. A dual Universal Asynchronous Receiver Transmitter (UART) is 
designed and implemented utilizing the RS-422 standards. The 8-bit dual UART is coded in VHDL, synthesized   and 
simulated using Xilinx ISE and ISim version 14.5 and realized on Spartan 6 FPGA to achieve compact, stable and reliable 
data transmission. The results indicate that this analyzer eliminates the need for higher end, expensive testers and thereby it 
can reduce the development time and cost. 
 
Keywords- LRU, FPGA, RS-422, UART, VHDL, Xilinx. 
 
 
I. INTRODUCTION 
 
A Line replaceable unit(LRU) is a modular 
component of an airplane that is designed to be 
replaced quickly at an operating location. As LRU’S 
are modular, they reduce the system costs and 
increase quality. An LRU consists of many interfaces 
like RS -422, CAN, ARINC 429 etc. In order to be 
modular the LRU interfaces are to be tested in 
hardware to mitigate the product failures.  
 
An RS-422 is a serial bus interface standard that 
specifies electrical characteristics of the balanced 
voltage digital interface circuit. RS-422 provides data 
transmission using balanced or differential signaling 
with unidirectional/non-reversible, terminated or non-
terminated transmission lines, point to point, or multi-
drop.  It provides a mechanism for transmitting data 
up to 10 Mbits/s.RS-422 is the extended version of 
RS-232, also some systems use RS- 422 converters to 
extend the range of RS-232 connections. Here RS-
422 protocol is defined using UART standard. 
 
Asynchronous serial communication has the 
advantages of less transmission lines, high reliability 
and long transmission distance, therefore is widely 
used in data exchange between computer and 
peripherals. A UART is a Universal Asynchronous 
Receiver-Transmitter, which is used to communicate 
between two devices. The ‘universal’ designation 
indicates that the data format and transmission speeds 
are configurable. UART allows full-duplex 
communication in serial link, thus has been widely 
used in the data communications between Processor 
and peripherals. It is basically a parallel to serial data 
transmitter i.e it converts the bytes it receives from 
the computer from parallel circuits into a single serial 
bit stream for outside transmission. Serial 
communication reduces the distortion of a signal, 
therefore makes data transfer between two systems 

separated in great distance possible. It is commonly 
used with modems, printers, terminals and other 
peripheral devices or even to another computer. A 
serial bit stream protocol is used for the 
communication between these peripheral devices 
where data is sent one bit at a time. 
 
UART communication requires only two signal lines 
(Receive, Transmit) to complete full-duplex data 
communication. UART includes three modules 
namely, the baud rate generator, receiver and 
transmitter. The baud rate generator is used to 
produce a local clock signal which is much higher 
than the baud rate to control the UART receive and 
transmit. The UART receiver module is used to 
receive the serial signals at RXD, and convert them 
into parallel data. The UART transmit module 
converts the bytes into serial bits according to the 
basic frame format and transmits those bits through 
TXD. TXD is the transmit side, the output of UART; 
RXD is the receiver, the input of UART. Logic 
1(high) logic 0 (low) are the two basic features of 
UART. 
 
When the transmitter is idle, the data line is in the 
logic high state. Otherwise when a word is given to 
the UART for asynchronous transmission, a bit called 
the “Start Bit"(logic low) is added to the beginning of 
each word that is to be transmitted. The start bit is 
used to alert the receiver that a word of data is about 
to be sent, and to force the clock in the receiver into 
synchronization with the clock in the transmitter. 
After the Star Bit, the individual data bits of the word 
are sent, with the Least Significant Bit (LSB) being 
sent first. Each bit is transmitted for exactly the same 
amount of time, and the receiver samples at the wire 
at approximately halfway through the period assigned 
to each bit to determine if the bit is a 1 or a 0.When 
the entire data word has been sent, at least one Stop 
Bit is sent by the transmitter. 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-8, Aug.-2014 

FPGA Based RS-422 Utilized UART Protocol Analyzer for Avionics Units 
 

19 

When the receiver has received all of the bits in the 
data word, it looks for a stop bit.  If the stop bit does 
not appear, the UART considers the entire word be 
garbled and will report Framing Error. When the 
receiver has received all of the bits in the frame, it 
automatically discards the start and stop bits. If 
another word is ready for transmission, the start bit 
for the new word can be sent as soon as the stop bit 
for the previous word has been sent. Asynchronous 
data are “self synchronizing” if there are no data to 
transmit, the transmission line is held idle. The 
UART frame format is show in Fig. 1. 

 

 
Fig.1. UART Frame Format 

 
Several works have been done using VHDL in 
designing UART. Most of them focused on designing 
a basic UART module [8].Some focused only on 
speed or on communication standards. A dual UART 
was designed in this paper. This paper emphasizes 
not only on a new approach of designing dual UART 
but also RS-422 interface validation using Field 
Programmable Gate Array (FPGA) technology. 
VHDL is used for the coding of this system designed, 
tested and evaluated using the ISE 14.5 tool of Xilinx 
and ISim 14.5. For the design implementation the 
Xilinx Spartan-6 FPGA is used. The methodology, 
implementation technique of the system and 
simulation results are discussed briefly in the 
following sections. 

 
II. IMPLEMENTATION OF UART 
 
The UART serial communication module is divided 
into three sub-modules: the baud rate generator, 
receiver module and transmitter module, shown in 
Fig. 2. Therefore, the implementation of the UART 
communication module is actually the realization of 
the three sub-modules. The baud rate generator is 
used to produce a local clock signal which is much 
higher than the baud rate to control the UART receive 
and transmit; The UART receiver module is used to 
receive the serial signals at RXD, and convert them 
into parallel data; The UART transmit module 
converts the bytes into serial bits according to the 
basic frame format and transmits those bits through 
TXD. 

 

Fig.2. UART Module 

2.1. Baud Rate Generator 
Baud Rate Generator is actually a kind of frequency 
divider. The baud rate frequency factor can be 
calculated according to a given system clock 
frequency and the required baud rate. The calculated 
baud rate frequency factor is used as the divider 
factor. 
Assume that the system clock is 100MHz, baud rate 
is 9600bps, and then the output clock frequency of 
baud rate generator should be 1* 9600Hz. 
 
Therefore the frequency coefficient (M) i.e. counts 
value of the baud rate generator is: 

M =100MHz/1*9600Hz=10416. 
 
Here desired baud rate is achieved using prescaler 
which counts upto 10416. 

 
2.2. Receiver Module 
When the UART receives serial data, it is very 
critical to determine where to sample the data 
information. The ideal time for sampling is at the 
middle point of each serial data bit. 
 
During the UART reception, the serial data and the 
receiving clock are asynchronous, so it is very 
important to correctly determine the start bit of a data 
frame. The receiver module receives data from RXD 
pin. RXD jumps into logic 0 from logic 1 which can 
be regarded as the beginning of a data frame. When 
the UART receiver module is reset, it has been 
waiting for the RXD level to jump. As we know, the 
ideal time for sampling is at the middle point of each 
serial data bit. Hence, RXD low level lasts at least 
half of receiving clock cycles is considered start bit 
arrives. Once the start bit been identified, from the 
next bit, begin to count the rising edge of the baud 
clock, and sample RXD when counting. Each 
sampled value of the logic level is deposited in the 
register datal [7, 0] by order. When the count equals 
10, all the data bits are surely received, also the 10 
serial bits are converted into a byte parallel data and 
deposited in the resister data. The state machine 
includes five states: R_Initial (waiting for the start 
bit), R_Center (find midpoint), R_Delay (Waiting for 
the sampling), R_Shift register (sampling), and 
R_Stop (receiving stop bit), shown in Fig. 3. 
 

 
Fig.3. Receiver FSM of UART1 
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R_Initial Status: Initially, the UART receiver is reset; 
the receiver state machine will be in this state. In this 
state, the state machine has been waiting for the RXD 
level to be at logic 0, i.e. the start bit. Start bit 
indicates the beginning of a new data frame. Once the 
start bit is identified, the state machine will be 
transferred to Center state. Also, In this state, 
start_flag is set to 1. 
 
R_Center Status: For asynchronous serial signal, in 
order to detect the correct signal each time, and 
minimize the total error in the later data bits detection 
obviously, it is most ideal to detect at the middle of 
each bit. In this state, the task is to find the midpoint 
of each bit through the start bit. The method is by 
counting the number of prescaler. 
 
R_Delay Status: When the state machine is in this 
state, waiting for the counting to reach final count 
value, then entering into shift register to sample the 
data bits. At the same time determining the received 
data in 10 bit with start and stop bit. 
 
R_Shift register Status: In this state, data bits are 
sampled and stored into shift register which is of 8 bit 

size. After sampling, the state machine transfers to 
delay state unconditionally, waits for the arrival of 
the next start bit. Also in this state, the start_flag is 
reset. 
 
R_Stop Status: when stop bit is 1. State machine 
doesn’t detect RXD in stop. After the stop bit, state 
machine turns back to R_START state, waiting for 
the next frame start bit. 
 
2.3. Transmit Module 
The function of transmit module is to convert the 8-
bit parallel data into serial data, adds start bit at the 
head of the data as well as stop bits at the end of the 
data. When the UART transmit module is reset by the 
reset signal, the transmit module immediately enters 
the ready state to send. In this state, the 8-bit parallel 
data is read into the Shift register [7: 0]. The 
transmitter only needs to output 1 bit every bit_count. 
The order follows 1 start bit, 8 data bits and 1 stop 
bit. Fig.4 shows the transmit module state diagram. 
This state machine has 5 states: X_Initial (free), 
X_Start (start bit), X_Delay (shift to wait), X_Shift 
register (shift), X_Stop (stop bit). 

 

 
Fig.4. Transmitter FSM of UART2 

 
X_Initial Status: When the UART is reset, the state 
machine will be in this state. In this state, the UART 
transmitter has been waiting for a data frame. When 
data frame is arrived, the state machine transferred to 
Start, get ready to send start bit. Start bit indicates the 
beginning of a new data frame. 
 
X_Start Status: In this state, sends a logic 0 signal to 
the TXD for one bit time width, the start bit. Then the 
state machine transferred to delay state. X_Delay 
Status: Similar with the R_delay state of UART 
receive state machine. X_Shift register Status: In this 
state, the state machine realizes the parallel to serial 
conversion of outgoing data. Then immediately return 

to X_delay state. 
X_Stop Status: Stop bit transmit state. When the data 
frame transmission is completed, the state machine 
transferred to this state, and sends logic 1 signal, that 
is, 1 stop bit.  
 
The state machine turns back to X_Initial state after 
sending the stop bit, and waits for another data frame 
to transmit. 
 
III. PROPOSED ARCHITECTURE 

 
The proposed structure consists of four blocks such as 
LRU with RS-422 Interface, RS-422 Transceiver, 
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Dual UART implemented on FPGA and PC. 
 

 
Fig.5. Proposed Architecture 

  
3.1. LRU RS-422 INTERFACE 
This Interface is used to transmit and receive data in 
RS-422 serial bus standard .Here the RS-422 
Interface is validated by designing the dual UART 
which utilizes RS-422 standard. 
 
3.2. RS-422 TRANSCEIVER 
RS-422 Transceiver receives the differential TX+ and 
TX- balanced signals from RS-422 Interface and 
translates the voltage levels into TTL Logic and also 
converts differential ended signals into single ended 
data signal RXD while receiving the data from the 
RS-422 Interface and vice versa while transmitting 
the data to the RS-422 Interface. 
 
3.3. DUAL UART 
Here dual UART is implemented on FPGA using 
VHDL. One UART receives serial input from the RS 
422 Transceiver and converts it into parallel data and 
gives as an input to the second UART, which 
converts the parallel data into serial bits and displays 
on the Serial Terminal of the PC. When PC transmits 
serial data the second UART receives it and converts 
the same into parallel data which will be given as an 
input to the first UART. This will convert the parallel 
data into serial bits and passes it to the RS-422 
Transceiver. 
 
FPGA monitors the data from the RS-422 Interface. 
If there is any frame format error on the transmitting 
side or receiving side FPGA LED will blink 
indicating wrong frame format. Also if both the data 
from the RS-422 Interface and PC matches one LED 
will glow indicating the loopback of the RS-422data. 
 
3.4. PC 
Here PC is used for receiving and transmitting the 
data from the second UART of the FPGA.                             
     
IV. FPGA IMPLEMENTATION 
 
After successful behavioral simulation of dual UART 
Modules using ISim simulator, it was synthesized and 
mapped into XILINX SPARTAN-6 FPGA using 
XILINX ISE 14.5 design suite. One UART module is 
connected with RS-422 transceiver and another 
UART module is connected to PC .Here when one 
UART acts as transmitter other UART acts as 
receiver and vice versa. RS-422 Interface  was 
successfully tested using popular communication 
program named ‘HYPER TERMINAL’ with data 
transfer speed of 9600 bps, 1stop bit, no parity, no 

flow control mechanism. When there is a frame error 
FPGA LED will blink indicating error frame. 

 
V. RESULTS AND DISCUSSION 
 
The VHDL coding and simulation of the design are 
done in Xilinx tool ISim 14.5. The operating clock 
frequency used for simulation is 100 MHz the baud 
rate set is 9600bps. Data word length is 8-bits.Fig.6. 
shows the UART1 which is implemented PMOD Pins 
of FPGA.UART1 is connected to RS-422 Transceiver 

  

 
Fig.6. UART1 ON PMOD PINS OF FPGA 

 
Fig.7. shows the UART2 of FPGA which will be 
connected to PC. Here interrupt is generated for 
transmission of data between two UARTS. 

 

 
Fig.7. UART2 ON FPGA 

 
Fig.8. shows the FPGA implementation,when wrong 
frame is sent then led blinks in the FPGA which 
indicates wrong data frame. Hence RS-422 Interface 
serial standard can be verified and validated by using 
SPARTAN-6 FPGA, implementing dual UART. 
 

 
Fig.8. BLINKING LED INDICATING ERROR FRAME 
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CONCLUSIONS 
 
In this paper, an FPGA based implementation of RS-
422 Analyzer is presented. RS-422 standard interface 
of an LRU is validated by designing a dual UART. 
This dual UART is much more flexible, low cost, and 
stable with respect to conventional one. Here all the 
modules are designed and simulated with VHDL. 
Then the system is downloaded in the Xilinx Spartan-
6 FPGA. With error checking LED, we can detect 
different types of errors occurred during 
communication process. 
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