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INTRODUCTION

 Reliability  is  an  important  requirement  in  digital 

systems used in  medical  devices,  automotive elec-

tronics, aerospace, and communication systems. Dig-

ital circuits can be affected by manufacturing defects, 

aging, voltage fluctuations, and environmental con-

ditions.  If  a fault  interrupts normal processing,  the 

system may require diagnosis or repair before opera-

tion can continue.

The Digital Fault Detection and Self-Healing Circuit 

project proposes a design that detects a fault in the 

primary processing 

unit and switches processing to a backup unit. A fault 

detection module provides a fault/no-fault indication. 

The FSM controller uses the status signal to control 

switching, while a MUX selects the output from the 

active  processing  unit.  The  design  is  described  in 

Verilog HDL and is intended to be verified through 

simulation using Xilinx Vivado .

 2. AIM AND OBJECTIVE

2.1 Aim

 To design a Verilog HDL-based digital circuit that 

detects  faults  in  a  primary  processing  unit  and 

switches to a backup processing unit using an FSM 

controller and a multiplexer.

2.2 OBJECTIVE

 Develop  a  primary  processing  unit  for  normal 

operation.

 Provide  a  backup processing unit  to  take  over 

when a fault is detected.

 Design a fault detection module that generates a 

fault/no-fault status signal.

 Implement an FSM controller to manage switch-

ing between the primary and backup units.

 Use a MUX to select the active unit's output.

 Verify the design using simulation and testbench 

cases in Vivado or ModelSim.

3. SYSTEM REQUIREMENTS:

3.1 MODULE DESIGN

 Primary Processing Unit: performs normal com-

putations when no fault is detected.

 Backup Processing Unit:  takes over processing 

when the fault signal indicates a fault.
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 Fault Detection Module: monitors system status 

and indicates fault or no fault.

 FSM Controller: controls the transition between 

primary and backup operation.

 Multiplexer  (MUX):  selects  which  processing 

unit's data output is sent to the system output.

 Top Module: integrates the modules and coordi-

nates control and data connections.

4.2 SOFTWARE REQIREMENTS

 Verilog HDL: describes the digital modules and 

control logic.

 Xilinx Vivado:  used for  design,  synthesis,  and 

simulation.

4 .BLOCK DIAGRAM

5. WORKING PRINCIPLE

At startup, the system operates through the primary 

processing unit. The fault detection module continu-

ously checks the defined system status. If no fault is 

indicated, the FSM keeps the primary unit selected 

and the MUX forwards its output. If a fault is detected, 

the FSM changes its control state and activates the 

backup processing path. The MUX then selects the 

backup  unit's  output.  This  process  is  intended  to 

maintain  output  operation  when  the  primary  path 

experiences a detected fault. The exact behavior dur-

ing recovery from a fault must be specified by the 

implementation.

6.CIRCUIT DIAGRAM

RESULT

 8. ADVANTAGES

 Provides an automatic switching approach when 

a fault is detected.

 Offers  a  backup processing path  for  continued 

operation.

 Uses an FSM controller to coordinate fault  re-

sponse.

 Uses a MUX to select the active processing unit's 

output.
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 Can be designed and verified with Verilog HDL 

simulation tools

a) Top of Form

b) Bottom of Form

9.APPLICATIONS

 Digital control systems requiring fault monitor-

ing.

 Automotive electronic systems where reliability 

is important.

 Communication equipment requiring dependable 

processing.

 Aerospace and other systems where fault toler-

ance is a design concern.

 Educational  and  research  prototypes  for  fault 

detection and recovery in digital circuits.

CONCLUSION

This paper presents a Digital Fault Detection and Self-

Healing Circuit based on the project description sup-

plied. The proposed system combines a primary pro-

cessing unit, backup processing unit, fault detection 

module, FSM controller, and MUX. During normal 

operation, the primary unit supplies the output. When 

the fault detector indicates a fault, the controller se-

lects the backup path and the MUX forwards its out-

put.  The  design  provides  a  structured  approach  to 

automatic fault response in digital systems. Further 

work should define the fault-detection method and 

processing-unit behavior, verify all switching cases 

through simulation, and report measured results be-

fore making quantitative claims about reliability or 

performance.

11.FUTURE SCOPE

Future development can define a specific fault model 

and implement detailed fault-detection logic for the 

chosen processing unit. The design can be extended 

with  fault  logging,  status  indicators,  controlled  re-

covery, and more than one backup path if the target 

application requires it. Testbenches can be expanded 

to cover transient faults, persistent faults, and repeated 

switching. FPGA implementation and synthesis anal-

ysis can be used to measure resource use, timing, and 

switching delay. These evaluations would help deter-

mine the practical reliability benefits and overhead of 

the self-healing approach.
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