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Abstract

In the modern era of digital communication, reliable and efficient data transmission is
critical across networking systems. However, data loss during transmission remains a
significant challenge, particularly in high-speed router architectures. This paper presents the
design and implementation of a FIFO-based router architecture aimed at avoiding data losses
during transmission by integrating First-In-First-Out (FIFO) buffering with Finite State
Machine (FSM) control logic. The FIFO buffer temporarily stores incoming data packets and
forwards them in the exact order of arrival, thus minimizing overflow, underflow, and packet
corruption. The FSM controller efficiently manages the read and write operations to ensure
seamless data flow and prevent collisions or data loss. The proposed design is developed and
tested using Verilog HDL on the Xilinx Vivado platform, with synthesis and FPGA
implementation validating its hardware feasibility. Simulation and timing analysis
demonstrate that the FIFO router effectively handles burst traffic conditions, provides stable
data transmission, and achieves optimized resource utilization. This approach offers
significant advantages for network-on-chip (NoC) architectures, loT devices, and real-time
embedded systems that require error-free, high-speed communication. Future extensions may
include multi-port routing, priority scheduling, and integration with advanced protocols to

further enhance robustness and performance.

Keywords — FIFO router, data loss prevention, finite state machine (FSM), hardware
description language (HDL), Verilog, FPGA implementation, network-on-chip (NoC), high-
speed data transmission, buffer overflow control, packet loss reduction.

In the current digital era, data

I. Introduction
communication forms the backbone of
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modern technology, enabling
interconnection of devices, networks, and
users worldwide. Routers serve as critical
components that ensure the accurate
transmission of data packets from source
to destination. However, with the
escalating demand for  high-speed
communication and the exponential
growth of data traffic, traditional router
designs often face significant challenges
such as packet loss, buffer overflow, and
congestion during transmission. These
problems adversely affect network
increase

efficiency, latency, and

compromise reliability.

To address these challenges, this work
focuses on the integration of a First-In-
First-Out (FIFO) buffer mechanism with
router design, augmented by Finite State
Machine (FSM) control logic. The FIFO
approach temporarily stores incoming data
packets and releases them sequentially in
their order of arrival, thus minimizing
packet mis ordering and data loss.
Concurrently, the FSM control manages
read and write operations systematically to
prevent overflow and underflow, ensuring

uninterrupted data flow.

This paper presents the design,
simulation, and FPGA-based
implementation of a FIFO-based router

developed wusing Verilog Hardware
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Description  Language (HDL) and
synthesized via the Xilinx Vivado Design
Suite. Performance evaluation under
varying network traffic  conditions
demonstrates the effectiveness of the
proposed architecture in maintaining data
integrity, reducing packet loss, and
optimizing hardware resource utilization.
The solution is highly suitable for
applications in network-on-chip
architectures, Internet of Things (IoT)
devices, and real-time embedded systems
where reliable high-speed data

transmission is essential.

II. Literature Review

The design of efficient router
architectures capable of minimizing data
loss during high-speed communication has
been an active research area. Routers
operating in contemporary digital systems
require effective buffering mechanisms to
handle burst traffic and prevent packet loss
caused by congestion, buffer overflow, or

underrun.

FIFO (First-In-First-Out) buffers have
been widely adopted in network-on-chip
(NoC) routers and embedded systems for
temporary data storage owing to their
simplicity and ability to maintain packet
order integrity. Previous research has
investigated various FIFO architectures

ranging from synchronous and
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asynchronous FIFOs to parameterizable
and modular designs that offer scalability

and reconfigurability.

Finite State Machines (FSMs) have
been leveraged to control the read/write
operations in FIFOs systematically, thus
preventing overflow and underflow
conditions, which are critical to
maintaining reliable data transmission.
Advances in FSM-based control circuits
have enhanced data handling efficiency

and hardware resource optimization.

Several ~ works  have  explored
enhancements to FIFO designs to address
power consumption, fault tolerance, and
operational reliability. Techniques such as
power gating, dynamic voltage and
frequency scaling, and online fault
detection mechanisms have been proposed

to improve FIFO energy efficiency and

robustness under fault conditions.

Despite the progress, existing router
buffering methods including basic register-
based buffers, circular queues, and
priority-based  scheduling often face
challenges related to complexity, resource
overhead, and incomplete elimination of
packet loss under heavy traffic. The
integration of FIFO buffering with FSM
control logic in a hardware-friendly design
is therefore pivotal to achieving optimal
router performance in NoC architectures

and real-time embedded environments.
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This study builds on the theoretical
foundations of FIFO buffering and FSM
control, and further validates the practical
application via Verilog HDL
implementation and FPGA deployment,

focusing on overcoming limitations in

conventional router designs.

III. Methodology

This section presents the systematic
approach used to design, simulate, and
implement the FIFO-based router aimed at
avoiding data loss during high-speed data
transmission.
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A. Design Overview

The proposed router incorporates a
First-In-First-Out (FIFO) buffering
scheme combined with a Finite State
Machine (FSM) controller to manage data
packet flow. The FIFO buffer temporarily
holds incoming packets and ensures their
sequential forwarding based on arrival

order, thereby preventing data loss due to
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overflow or mis ordering. The FSM
controller monitors FIFO status signals
(full, empty) and manages read and write
operations to synchronize data flow

effectively.

B. FIFO and FSM Architecture

The FIFO buffer is designed with
appropriate depth to store burst data
traffic, implemented using Verilog HDL at
the Register Transfer Level (RTL). The
FSM controller consists of clearly defined
states including Idle, Read, Write, Full,
and Empty. By transitioning between these
states according to buffer conditions, the
FSM prevents overflow and underflow,

ensuring smooth and lossless transmission.

C. Simulation and Verification

Functional simulation is performed
using Xilinx Vivado tools to verify the
correctness of the design. Test benches
stimulate the FIFO and FSM modules
under various traffic scenarios, including
burst inputs and empty buffer conditions.
Waveform analysis confirms the correct
sequencing of data packets and the proper

operation of full and empty flags.
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D. FPGA Implementation

The wverified RTL code is
synthesized and mapped onto a Xilinx
FPGA board using the Vivado Design
Suite. Placement and routing are optimized
to meet timing constraints and minimize
hardware resource usage (LUTs, flip-flops,
block RAM). The design is programmed
into the FPGA and tested in real-time to
validate latency, throughput, and resource
utilization  under  practical  traffic
conditions. On-chip debugging tools such
as Integrated Logic Analyzer (ILA) are
waveform

employed for  dynamic

observation.

E. Performance Evaluation

The implemented design is evaluated
based on parameters including data
integrity, packet loss rate, latency, and
FPGA resource consumption. These
metrics are compared against conventional
routers to demonstrate improvements
achieved by the FIFO-FSM integrated
approach.
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IV. Implementation Setup

The FIFO-based router design was
implemented and validated using the
Xilinx Vivado Design Suite, which
provides an integrated platform for HDL
development, simulation, synthesis, and
FPGA deployment. The router architecture
was described in Verilog HDL at the
register transfer level, integrating a FIFO
buffer for temporary data storage and a
finite state machine controller to manage
read/write operations. Functional
simulation was performed within Vivado
using testbenches that emulate various
traffic patterns, including burst and idle

conditions, to verify data integrity and

control behavior.

Following verification, the code was
synthesized and mapped onto a Xilinx
FPGA, with attention paid to optimizing
resource usage and meeting timing
constraints. The implementation phase
involved  placement and  routing,
leveraging Vivado’s design tools to ensure
efficient hardware utilization. The design
was then programmed onto the FPGA
board where real-time performance testing
was conducted. Internal signals were
monitored using the Vivado Integrated
Logic Analyzer to validate the correct
operation of FIFO sequencing and FSM

control under live data transmission

scenarios. Where applicable, Xilinx FIFO
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Generator [P cores were utilized for
optimized buffer management, ensuring

modularity and design reuse.

This implementation setup enabled
comprehensive verification and validation
of the FIFO router design in a practical
hardware environment, demonstrating
efficient high-speed data transmission with

minimal packet loss.

V. Results
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Router block diagram

VI. Applications

The FIFO-based router design has a
wide range of applications in modern
digital communication and embedded
systems. One primary application is in
Network-on-Chip (NoC) architectures,
where efficient and reliable data transfer
between multiple cores on a single chip is
crucial. In NoC designs, FIFO buffers are
used to handle data packet storage,
ensuring ordered delivery and improving
communication throughput while
managing congestion and preventing data
loss. The proposed FIFO router supports
scalable and modular NoC systems by

enabling robust routing with minimal

latency and high throughput.

www.ijesat.com

Another significant application lies in
Internet of Things (IoT) devices and real-
time embedded systems that demand high-
speed, error-free data communication. By
mitigating packet loss and handling burst
traffic  efficiently, the FIFO router
enhances system reliability and operational

stability in such constrained environments.

Furthermore, the FIFO routing
mechanism  benefits high-performance
computing and telecommunications, where
managing large volumes of data with
minimal transmission errors directly
affects system performance. The router
architecture can be adapted for hardware
accelerators and specialized processors
that require deterministic packet flow and

congestion management.

The design 1is also suited for
integration in other communication
infrastructures including wireless sensor
networks, multimedia processing systems,
and automotive electronics, where reliable
data transmission and low latency are

required under varying traffic conditions.

VII. Future Scope

The proposed FIFO router design can
be extended to support multi-queue
management,  enabling  simultaneous
handling of multiple data streams with

priority-based scheduling to improve

Vol 25 Issue 09,2025

Page 705 of 707



ISSN:2250-3676

International Journal of Engineering Science and Advanced Technology (IJESAT)

Quality of Service (QoS) in complex
networks. Incorporating adaptive routing
algorithms can enhance dynamic traffic
management and fault tolerance. Further
research can focus on optimizing power
consumption and latency through low-
power design techniques suited for
resource-constrained IoT and embedded
applications. Integration with emerging
communication standards and
implementation on advanced FPGA
platforms or  ASICs  will  boost
performance and application reach.
Additionally,

incorporating ~ machine

learning  techniques  for  predictive
congestion control and intelligent packet
scheduling presents a promising direction

for future developments.

VIII. Conclusion

This paper presented the design and
FPGA-based implementation of a FIFO
router architecture aimed at minimizing
data loss during high-speed digital
communication. By integrating a First-In-
First-Out buffer with a Finite State
Machine controller, the proposed router
ensures orderly data packet transmission
while effectively managing burst traffic
and preventing overflow and underflow
conditions. Simulation and real-time
hardware testing validated the robustness

of the design, demonstrating reliable data
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transfer, minimal latency, and efficient
utilization of FPGA resources. The results
indicate that the router outperforms
traditional buffering schemes in terms of
data integrity and throughput, making it
suitable for applications such as network-
on-chip architectures, IoT devices, and
embedded systems. The modularity and
hardware friendliness of the design
facilitate scalability and adaptation to
diverse communication environments. The
project establishes a solid foundation for
future enhancements involving multi-
queue management, priority-based
scheduling, and low-power optimizations

to meet evolving network demands.
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