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Civil aviation is crucial across the entire globe, transporting people 
from one place to another safely and quickly. An important aspect of 
aviation that makes safe flight possible is ground support, which receives 
data from each aircraft regarding its fuel levels, their location, altitude, 
and more. (Stevens, 1988). Errors occur in these communications when 
waveforms of the same frequency overlap as shown in Figure 1. When 
these errors occur, the data is rendered useless, reducing efficiency 
(Stevens, 1988). The process of resending data can be avoided if the 
damaged data is fixed. To do so, there are 3 processes that must occur: 
error detection, location, and correction. 

Cyclic Redundancy Check (CRC) is responsible for detecting errors, 
which decodes the data to find a common remainder. Confidence levels 
paired with the data flag potential errors as shown in Figure 1, with the 
sliding window method performing shifts on the data to match 
unconfident bits to a specific value (Gertz, 1984). 

This project did not develop this entire system, rather the 
microprocessor that commanded it. In a microprocessor, an Arithmetic 
Logic Unit (ALU) performs basic math functions and compares different 
aspects of data, such as if they are equal or not. The ALU was the focus 
of this project, as it is the most essential component.

This project focused on planning, implementing and validating a 
custom ALU. To start, a Firmware Development Plan (FDP) was created. 
A FDP is a loose planning system that breaks down the functions and 
requirements of a project, allowing conflicts and decisions to appear 
more obvious than they would in the code. The FDP included block 
diagrams of each system, as shown in Figure 2, activity diagrams, state 
machines, as shown in Figure 3, and more.

Once the FDP was created, ALU development commenced. The first 
iterations of code were created in ModelSim, through test benches that 
simulated the code in a virtual Field Programmable Gate Array (FPGA). 
Simulating the FPGA made iterating and troubleshooting much simpler. 
As the ALU code was finalized, development transitioned to Vivado, a 
program used to synthesize and analyze hardware design language.
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Figure 1 (above): A waveform input from a communication, with an error 
highlighted in red. This error is detectable because it is inconsistent with the 
other voltages, and while it still reads as a ‘1’ it will be flagged to be repaired.

The completed ALU successfully performed the necessary operations 
for an error-correcting system. The capabilities of the ALU were also 
successfully demonstrated through an FPGA and an interface. With a 
small adjustment in the operand length, this component will be a solid 
foundation for the construction of the microprocessor.

This component acted as a crucial puzzle piece to the sliding window 
error-correcting system. This process of error correction was new, so this 
initial design set a foundation for other scientists to implement this 
system into secondary surveillance radar. Without a full design of the 
system, there is no evidence that combining CRC and sliding window 
techniques is effective. Though, this was the start needed to prove that it 
can be done, so that it can be funded and tested for improvement in error 
correction rates. This project was lacking stronger support circuitry that 
can provide larger inputs, and a quicker planning phase to make time for 
support circuitry development.
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Conclusion

A firmware development plan for the ALU and other components was  
also completed. The ALU’s logic gates were displayed and explained 
through ModelSim simulations and block diagrams. The logic system 
detailed the inputs and outputs and how they were manipulated in binary 
coding. These diagrams helped explain how certain preset inputs were 
created, and why they were necessary. A register file, or temporary 
storage for the microprocessor, was also developed and connected to the 
ALU. The register file was combined with the data memory to create a 
program memory, which can store and load up to 255 different values. 
An example of a value being stored can be seen in Figure 4.

Figure 4 (left): The IO Shield storing a 
value in the program memory. The leftmost 
group of switches determine the address, 
and the other two groups determine the 
value being stored. It is displaying “040” 
because the 7-segment display produces 
one number every 10.5 ms, fast enough to 
trick the eye into seeing each digit, but not 
the camera.

Using Vivado, an interface was created for the ALU code so that it 
could be interacted with on the FPGA. The FPGA required a clock, state 
machine, and input/output constraints for every component. The 
constraints were configured by finding each port location, which involved 
tracing each component on the board schematic to its respective I/O bank. 
The state machine, as shown in Figure 3, was originally part of the FDP, 
then implemented through code to separate each operation and organize 
functions logically (Dandamundi, 2005). For example, the state “init” 
continually displayed a message until a button was firmly pressed. 

More operations and logic were added onto the ALU to better display 
its capabilities. These operations built onto the requirements for a 
microprocessor, including its data memory and register file. Finally, bug 
fixes were made with many iterations until the full code was finished.

This project produced a custom ALU that performs logic and 
comparisons. The ALU connects to an IO Shield that receives inputs and 
displays outputs. It also demonstrates addition and subtraction and 
performs comparisons between two operands. The ALU cannot make 
decisions significant to the error-correcting system because those systems 
are not completely developed. Though, preset inputs and instructions were 
generated that successfully ran through the component. It received two 
operands and an operation from the IO Shield, and displayed the operation 
being performed and the result. An example of the state machine storing a 
value can be seen in Figure 4. Due to the lack of inputs on the Shield, 
operands of only 10 bits in length could be tested. 
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Figure 3 (above): A diagram 
representing how the state 
machine flows. Each colored 
box is a function, continually 
run until a certain button is 
pressed. These functions can 
be interrupted by a reset, 
however.

Figure 2 (above): An example 
of a block diagram, which 
describes the functions of an 
ALU. It has 5 major 
operations that all operate at 
the same time, with a selector 
deciding which one becomes 
the output.


