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Specifications

« Algorithm: Viterbi Decoder
« Input: 3-bit or 4-bit soft or hard input

Decoding Method: Maximum Likelihood

Implementation: Serial and Parallel

Applications: Mobile phones, satellite communications, digital television

Product Usage Instructions

The Serial Viterbi Decoder processes input bits individually in a sequential manner. Follow these steps to use the
Serial Decoder:

« Provide the input bits sequentially to the decoder.

« The decoder will update path metrics and make decisions for each bit.

« Understand that the Serial Decoder may be slower but offers reduced complexity and lower resource usage.

« Use the Serial Decoder for applications prioritizing size, power consumption, and cost over speed.

« The Parallel Viterbi Decoder processes multiple bits concurrently. Here’s how to utilize the Parallel Decoder:

« Simultaneously provide multiple bits as input to the decoder for parallel processing.

« The decoder updates various path metrics in parallel, resulting in faster processing.

« Note that the Parallel Decoder offers high throughput at the expense of increased complexity and resource
usage.

« Choose the Parallel Decoder for applications requiring fast processing and high throughput, such as real-time

communication systems.

FAQ

Q: What are convolutional codes?



A: Convolutional codes are error-correcting codes widely used in communication systems to protect against
transmission errors.

Q: How does the Viterbi Decoder work?

A: The Viterbi Decoder utilizes the Viterbi algorithm to identify the most probable sequence of transmitted bits
based on the received signal, minimizing decoding errors.

Q: When should | choose a Serial Viterbi Decoder over a Parallel one?

A: Opt for a Serial Decoder when prioritizing reduced complexity, lower resource usage, and cost efficiency. It
is suitable for applications where speed is not the primary concern.

Q: In what applications is the Viterbi Decoder commonly used?

A: The Viterbi Decoder is widely used in modern communication systems such as mobile phones, satellite
communications, and digital television.

Introduction

The Viterbi Decoder is an algorithm used in digital communication systems to decode convolutional codes.
Convolutional codes are error-correcting codes that are widely used in communication systems to protect against
errors introduced during transmission.

The Viterbi Decoder identifies the most probable sequence of transmitted bits based on the received signal by
using the Viterbi algorithm, a dynamic programming approach. This algorithm considers all potential code paths to
calculate the most probable bit sequence based on the received signal. It then selects the path with the highest
likelihood.

The Viterbi Decoder is a maximum likelihood decoder, which minimizes the probability of error in decoding the
received signal and is implemented in Serial, occupying a small area, and in Parallel for higher throughput. It is
widely used in modern communication systems, including mobile phones, satellite communications, and digital
television. This IP accepts 3-bit or 4-bit soft or hard input.

The Viterbi algorithm can be implemented using two main approaches: Serial and Parallel. Each approach has
distinct characteristics and applications, which are outlined as follows.

Serial Viterbi Decoder

Serial Viterbi Decoder processes input bits individually, sequentially updating path metrics and making decisions
for each bit. However, due to its serial processing, it tends to be slower compared to its Parallel counterpart. Serial
Decoder requires 69 clock cycles to generate an output due to its sequential updating of all possible state metrics,
and the necessity to trace back through the trellis for each bit, resulting in extended processing time.

The advantage of using a Serial decoder lies in its typically reduced complexity and lower hardware resource
usage, compared to a Parallel decoder. This makes it an advantageous option for applications in which size,
power consumption, and cost are more critical than speed.

Parallel Viterbi Decoder

Parallel Viterbi Decoder is designed to concurrently process multiple bits. This is achieved by employing parallel
processing methodologies to simultaneously update various path metrics. Such parallelism results in a significant
reduction in the number of clock cycles needed to generate an output, which is 8 clock cycles.

The speed of the Parallel Decoder comes at the cost of increased complexity and resource usage, requiring more
hardware to implement the parallel processing elements, which can increase the size and power consumption of
the decoder. For applications requiring high throughput and fast processing, such as real-time communication
systems, the Parallel Viterbi Decoder is often preferred.

In summary, the decision between using a Serial and Parallel Viterbi Decoder depends on the specific
requirements of the application. In applications that require minimal power, cost, and speed, a Serial decoder is
typically appropriate. However, for applications demanding high speed and high throughput, where performance is



critical, a Parallel decoder is the preferred option, even though it is more complex and requires more resources.

Summary
The following table lists a summary of the Viterbi Decoder IP characteristics.
Table 1. Viterbi Decoder Characteristics

Core Version This document applies to Viterbi Decoder v1.1.

. PolarFire® SoC
Supported Device

Families . PolarFire

Supported Tool Flo Requires Libero® SoC v12.0 or later releases.

w
The Viterbi Decoder encrypted RTL is freely available with any Libero license.
Licensin Encrypted RTL: A complete encrypted RTL code is provided for the core, enabling the cor
9 e to be instantiated with SmartDesign. Simulation, Synthesis, and Layout are performed wi
th Libero software.
Features

Viterbi Decoder IP has the following features:

Supports soft input widths of 3-bit or 4-bit

Supports Serial and Parallel architecture

Supports user-defined traceback lengths, and the default value is 20

Supports unipolar and bipolar data types

Supports code rate of 1/2

Supports constraint length which is 7

Installation Instructions

The IP core must be installed to the IP Catalog of Libero® SoC software automatically through the IP Catalog
update function in the Libero SoC software, or it is manually downloaded from the catalog. Once the IP core is
installed in Libero SoC software IP Catalog, it is configured, generated, and instantiated within SmartDesign for
inclusion in the Libero project.

Device Utilization and Performance (Ask a Question)

The resource utilization for Viterbi Decoder is measured using the Synopsys Synplify Pro tool, and the results are
summarized in the following table.

Table 2. Device and Resource Utilization
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Resource

Device Details RAMs
Data T | Architect | S Performance ( Math Blo | Chip Glob
o Device ype ure LUT | DF MHz) LSR | usSR cks als
amy v s |F AM | AM
E”'po'a Serial | 416 25 200 3 o o 0
. . 35
Bipolar | Serial 416 4 200 3 0 0 0
PolarFire® | MPFS2
SoC 50T .
Unipola 137 | 46
) Parallel 84 | 42 200 0 0 0 0
: 137 | 46
Bipolar | Parallel 68 | 42 200 0 0 0 1
rU”'p°'a Serial | 416 25 200 3 o o 0
. : 35
Bipolar | Serial 416 4 200 3 0 0 0
. MPF30
PolarFire oT
Unipola 137 | 46
) Parallel 84 | a2 200 0 0 0 0
: 137 | 46
Bipolar | Parallel 68 | 42 200 0 0 0 1

Important: The design is implemented using Viterbi Decoder by configuring the following GUI parameters:

« Soft Data Width = 4

« KLength=7

o Code Rate =2

« Traceback Length = 20

Viterbi Decoder IP Configurator

Viterbi Decoder IP Configurator (Ask a Question)

This section provides an overview of the Viterbi Decoder Configurator interface and its various components.

The Viterbi Decoder Configurator provides a graphical interface to configure parameters and settings for a Viterbi
Decoder IP core. It allows the user to select parameters such as Soft Data Width, K Length, Code Rate, Traceback
Length, Datatype, Architecture, Testbench, and License. The key configurations are described in Table 3-1.

The following figure provides a detailed view of the Viterbi Decoder Configurator interface.

Figure 1-1. Viterbi Decoder IP Configurator
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The interface also includes OK and Cancel buttons for confirming or discarding the configurations made.
Functional Description

The following figure shows the hardware implementation of the Viterbi Decoder.
Figure 2-1. Hardware Implementation of Viterbi Decoder
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This module works on DVALID_|. When DVALID_| is asserted, the respective data is taken as input, and the
process starts. This IP has a history buffer and based on that selection, IP takes the selected buffer number of
DVALID_Is + Some clock cycles to generate the first output. By default, the history buffer is 20. The latency
between the input and output of the Parallel Viterbi Decoder is 20 DVALID_Is + 14 Clock Cycles. The latency
between the input and output of the Serial Viterbi Decoder is 20 DVALID_Is + 72 Clock Cycles.

Architecture (Ask a Question)
Viterbi Decoder retrieves the data initially given to the Convolutional Encoder by finding the best path through all
possible encoder states. For a constraint length of 7, there are 64 states. The architecture consists of the following
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major blocks:

« Branch Metric Unit (BMU)

« Path Metric Unit (PMU)

« Trace Back Unit (TBU)

« Add Compare Select Unit (ACSU)

The following figure shows the Viterbi Decoder architecture.
Figure 2-2. Viterbi Decoder Architecture
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The Viterbi Decoder consists of three internal blocks which are explained as follows:

1. Branch Metric Unit (BMU): The BMU calculates the discrepancy between the received signal and all potential
transmitted signals, using metrics such as Hamming distance for binary data or Euclidean distance for
advanced modulation schemes. This calculation assesses the similarity between the received and possible
transmitted signals. The BMU processes these metrics for each received symbol or bit and forwards the results
to the Path Metric Unit.

2. Path Metric Unit (PMU): The PMU which is also known as the Add-Compare-Select (ACS) unit, updates path
metrics by processing branch metrics from the BMU. It keeps track of the best path’s cumulative metric for each
state in the trellis diagram (a graphical representation of the possible state transitions). The PMU adds the new
branch metric to the current path metric for each state, compares all paths leading to that state, and selects the
one with the lowest metric, indicating the most probable path. This selection process is carried out at each
stage of the trellis, resulting in a collection of the most likely paths, known as survivor paths, for each state.

3. Traceback Unit (TBU): The TBU is responsible for identifying the most probable sequence of states, following
the processing of received symbols by the PMU. It accomplishes this by retracing the trellis from the final state
with the lowest path metric. The TBU initiates from the end of the trellis structure and traces back through the
survivor paths using pointers or references, to determine the most probable transmitted sequence. The length
of the traceback is determined by the constraint length of the convolutional code, impacting both the decoding
latency and complexity. Upon completing the traceback process, the decoded data is presented as output,

usually with the appended tail bits removed, which were initially included to clear the convolutional encoder.

The Viterbi Decoder uses these three units to accurately decode the received signal into the original transmitted
data, by correcting any errors that may have occurred during the transmission.

Renowned for its efficiency, the Viterbi algorithm is the standard method for decoding convolutional codes within
communication systems.

Two data formats are available for soft coding: unipolar and bipolar. The following table lists the values and
corresponding descriptions for 3-bit soft input.



Table 2-1. 3-bit Soft Inputs

Description Unipolar Bipolar
Strongest 0 000 100
Relatively strong 0 001 101
Relatively weak 0 010 110
Weakest 0 011 111
Weakest 1 100 000
Relatively weak 1 101 001
Relatively strong 1 110 010
Strongest 1 111 100

The following table lists the standard convolution code.
Table 2-2. Standard Convolution Code

Output Rate = 2
Constraint Length

Binary Octal

1111001 171
7

1011011 133

Viterbi Decoder Parameters and Interface Signals (Ask a Question)
This section discusses the parameters in the Viterbi Decoder GUI configurator and I/O signals.

Configuration Settings (Ask a Question)

The following table lists the configuration parameters used in the hardware implementation of Viterbi Decoder.
These are generic parameters and vary as per the requirement of the application.

Table 3-1. Configuration Parameters



Parameter Na
me

Description

Value

Soft Data Widt
h

Specifies the number of bits used to represent the s
oft input data width

User selectable which supports 3 and 4
bits

K Length

K'is the constraint length of the convolutional code

Fixed to 7

Code Rate

Indicates the ratio of input bits to output bits

1/2

Traceback Len
gth

Determines the depth of the trellis used in the Viterb
i algorithm

User-defined value and by default, is 20

Data Type

Allows users to select the input data type

User-selectable and supports the followi
ng options:

. Unipolar

. Bipolar

Architecture

Specifies the type of implementation architecture

Supports the following implementation t
ypes:

. Parallel

. Serial

Inputs and Outputs Signals (Ask a Question)
The following table lists the input and output ports of the Viterbi Decoder IP.
Table 3-2. Input and Output Ports

Signal Name Direction Width | Description

SYS CLK | Input 1 Input clock signal

ARSTN_| Input 1 Input reset signal (Asynchronous active-low reset)
DATA_| Input 6 Data input signal (MSB 3-bit IDATA, LSB 3-bit QDATA)
DVALID_I Input 1 Data valid input signal

DATA_O Output 1 Viterbi Decoder data output

DVALID_O Output 1 Data valid output signal

Timing Diagrams

This section discusses the timing diagrams of the Viterbi Decoder.
The following figure shows the timing diagram of Viterbi Decoder which applies to both Serial and Parallel mode

configuration.

Figure 4-1. Timing Diagram
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« Serial Viterbi Decoder requires a minimum of 69 clock cycles (Throughput) to generate the output.
« To calculate the latency of the Serial Viterbi Decoder, use the following equation:

« Number of history buffer times DVALIDs + 72 clock cycles

« For Example, If the History Buffer length is set to 20, then

« Latency = 20 Valids + 72 Clock Cycles

« Parallel Viterbi Decoder requires a minimum of 8 clock cycles (Throughput) to generate the output.
« To calculate the latency of the Parallel Viterbi Decoder, use the following equation:

« Number of history buffer times DVALIDs + 14 clock cycles

« For Example, If the History Buffer length is set to 20, then

« Latency = 20 Valids + 14 Clock Cycles

Important: The timing diagram for Serial and Parallel Viterbi decoder is identical, with the exception of the
number of clock cycles required for each decoder.

Testbench Simulation

A sample testbench is provided to check the functionality of the Viterbi Decoder. To simulate the core using the
testbench, perform the following steps:

1. Open the Libero® SoC application, click Catalog > View > Windows > Catalog, and then expand Solutions-
Wireless. Double-click Viterbi_Decoder, and then click OK. The documentation associated with IP is listed
under Documentation.

Important: If you do not see the Catalog tab, navigate to the View Windows menu, and then click Catalog to
make it visible.

2. Configure the IP as per the requirement, as shown in Figure 1-1.

3. The FEC encoder must be configured to test the Viterbi Decoder. Open the Catalog and configure the FEC
Encoder IP.

4. Navigate to Stimulus Hierarchy tab, and click Build Hierarchy.

5. On the Stimulus Hierarchy tab, right-click testbench (vit_decoder_tb(vit_decoder_tb.v [work])), and then click

Simulate Pre-Synth Design > Open Interactively.

Important: If you do not see the Stimulus Hierarchy tab, navigate to View > Windows menu and click Stimulus
Hierarchy to make it visible.

The ModelSim® tool opens with the testbench, as shown in the following figure.

Figure 5-1. ModelSim Tool Simulation Window



Figure 5-1. ModelSim Tool Simulation Window
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Important

« If the simulation is interrupted due to the run-time limit specified in the.do file, use the run -all command to
complete the simulation.
« After running the simulation, the testbench generates two files (fec_input.txt, vit_output.ixt) and you can

compare the two files for a successful simulation.

Revision History (Ask a Question)
The revision history describes the changes that were implemented in the document. The changes are listed by
revision, starting with the most current publication.

Table 6-1. Revision History

Oth]evisi Date | Description
The following is the list of changes made in revision B of the document:
. Updated the content of Introduction section
. Added Table 2 in Device Utilization and Performance section
. Added 1. Viterbi Decoder IP Configurator section
B 22/20 . Added the content about the internal blocks, updated Table 2-1 and added Table 2-2 in
2.1. Architecture section
. Updated Table 3-1 in 3.1. Configuration Settings section
. Added Figure 4-1 and a Note in 4. Timing Diagrams section
. Updated Figure 5-1 in 5. Testbench Simulation section
A 22/20 Initial release

Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including Customer Service,
Customer Technical Support Center, a website, and worldwide sales offices. Customers are suggested to visit
Microchip online resources prior to contacting support as it is very likely that their queries have been already
answered.
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Contact Technical Support Center through the website at www.microchip.com/support. Mention the FPGA
Device Part number, select the appropriate case category, and upload design files while creating a technical
support case.

Contact Customer Service for non-technical product support, such as product pricing, product upgrades, update
information, order status, and authorization.

« From North America, call 800.262.1060
« From the rest of the world, call 650.318.4460
« Fax, from anywhere in the world, 650.318.8044

Microchip Information

The Microchip Website
Microchip provides online support via our website at www.microchip.com/. This website is used to make files
and information easily available to customers. Some of the content available includes:

« Product Support — Datasheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

« General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

« Business of Microchip — Product selector and ordering guides, latest Microchip press releases, the listing of

seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers
will receive email notification whenever there are changes, updates, revisions or errata related to a specified
product family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

Distributor or Representative

Local Sales Office

Embedded Solutions Engineer (ESE)
Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available
to help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip products:

« Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within operating
specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium Copyright
Act.

« Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
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protection does not mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly

evolving. Microchip is committed to continuously improving the code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including to design, test,
and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided only for your
convenience and may be superseded by updates. It is your responsibility to ensure that your application meets
with your specifications. Contact your local Microchip sales office for additional support or, obtain additional
support at www.microchip.com/en-us/support/design-help/client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP’S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE NUMBER OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer
agrees to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses
resulting from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.
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