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Agenda 1. What is a Polyphase Channelizer?

2. New AMD Vitis Libraries IPs for Building Channelizers!

3. Example Channelizer with 4,096 Channels @ 2 GSPS on 

AIE-ML Using the New IPs

4. Current Availability of newly introduced IPs and Design 

Example



What is a Polyphase 
Channelizer?
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AMD Vitis Libraries has Two New IPs for Building Channelizers

System Requirement

Parameters Value

Sampling Rate (Fs) 2000 MSPS

# of Channels (M) 4096

# of Taps per Channel (K) 36

Input Datatype cint16

Output Datatype cint32

Filterbank Coefficient 

Type
int32

Polyphase Channelizer

on AMD AIE-ML

Low Pass 

Filter
IFFT

AMD Vitis Libraries

Has two new IPs 

To build Channelizer

• Time-Division 

Multiplexing 

(TDM) FIR filter 

• 2D FFT/IFFT
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AMD Vitis  Libraries

AMD Vitis  Libraries comes in various formats 

Vitis Subsystem (VSS) [AI Engine + PL]AMD Versal  AI Engine Only 

• Time-Division Multiplexing (TDM) FIR filter • 2D FFT/IFFT

TDM 

Filter

AI Engine

PL

AI Engine

PL

64-Point 

IFFT + 

Point-Wise 

Twiddle

64-Point 

IFFT

Back 

Transpose
Transpose

Front 

Transpose



New AMD Vitis  Libraries IPs 
for Building Channelizers
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What is the AMD Versal  AI Engine DSP Library?

Configurable library of 

kernels that can be 

used to develop 

applications on AMD 

Versal AI Engines

Open-source library 

for DSP applications

Kernels are coded 

using Versal AI Engine 

APIs in C++ to give 

access to AI Engine 

vector processing 

capabilities

Kernels can be 

combined to construct 

graphs for developing 

complex designs

Example design is 

also provided with 

this library

IP is instantiated & 

configured using its 

L2 graph

C++
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Scope of AMD Versal  AI Engine DSP/Solver Libraries

Five Algorithm 

Categories

FIR

DSP Filters

TRANSFORMS

Various 
Transforms

BLAS

Basic Linear 
Algebra

SOLVER

Ax = b

Solving Linear 
Systems

VECTORIZED 
COMPUTE

SIMD Compute 
Kernels

AMD Vitis Model 

Composer Blockset

Three AI Engine 

Architecture Variants

AIE

AIE-ML

AIE-ML v2

Support Several 

Data Types

• int16
• int32
• cint16
• cint32
• float
• cfloat
• bfloat16

AI Engine 

DSP/

Solver 

Libraries
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TDM FIR Parameters

TT_DATAData Type int16,cint16,int32,cint32,float,cfloat

TT_COEFF

TP_SHIFT

TP_RND

TP_NUM_OUTPUTS

TP_CASC_LEN

Selection of rounding method

Coefficient Type

Taps

Window Size

TDM Channels

TP_SSR

Parallelization

Number of samples processed in a single graph 

iteration. Must be a multiple of TDM channels

Divide requested TP_FIR_LEN among 

cascaded kernels

Number of interleaved parallel I/O paths

Shift, Rounding & Saturate Selection

Broadcast

TP_FIR_LEN

TP_INPUT_WINDOW_VSIZE

TP_TDM_CHANNELS

TP_DUAL_IPStream Input

TT_OUT_DATA Optional parameter to specify a different 

datatype for output compared to input
Output Data Type

int16,cint16,int32,cint32,float,cfloat

Number of taps in the filter

Must be in the range of 0 to 61

Number of TDM channel processed by the FIR

Number of ports to broadcast the output, 

currently restricted to 1

Allows 2 stream inputs to be used, increasing 

available bandwidth, currently restricted to 1

xf::dsp::aie::fir::tdm::fir_tdm_graphGraph Entry

TP_SAT Selection of saturation method

Data Type
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2D FFT/IFFT Parameters

TT_DATAData Type cint32, cfloat

TT_TWIDDLETwiddle Data Type

Transform Point Size

Parallelization (Sub-frame Processors)

TP_POINT_SIZE

TP_SSR

cint16,cint32,cfloat

Number of samples in the transform. This must 

be 2^N where N is an integer in the range *         

4 to 16 inclusive

Describe N where 2^N is the number of 

subframe processors, to achieve higher 

throughput

FFT or IFFT TP_FFT_NIFFT Transform to perform FFT (0) or IFFT (1)

Interface Type Select window (0) or stream (1) interfacesTP_API

AI Engine/PL 

parameters

TP_RND

TP_SAT Selection of saturation method

Shift, Rounding, Saturation & Scaling 

Selection

Selection of rounding method

Magnitude of integer twiddleTP_TWIDDLE_MODE

xf::dsp::aie::fft::vss_1d::vss_fft_ifft_1d_graphGraph Entry

AMD 

Versal  AI 

Engine only 

parameters

Data Type

TP_SHIFT Must be in the range of 0 to 61



Building a Polyphase 
Channelizer using the New IPs     
4K Channels @ 2GSPS, 
Targeting AMD Versal  AIE-ML
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Overview of System Partitioning Methodology

Requirements 
Gathering

• Analyze algorithm characteristics

• Analyze system requirements

• Analyze hardware requirements

Requirements Gathering

Solution 
Synthesis

• Assess suitability of AMD Versal  AI Engine processing

• Partition algorithms to AI Engine, PL, PS

• Identify system data flow

Solution Synthesis

Partitioning 
Validation

• Algorithm vectorization for AI Engine subsystems

• Prototyping of AI Engine subsystems

• Prototyping of PL subsystems

• Power analysis using PDM

• Traffic generator analysis

Partitioning Validation

Iterate to 
System 

Feasibility• Device selection & speed grade confirmed

• Initial definition of required custom platform

• Data flow template model of AI Engine subsystems

Iterate to System Feasibility
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System Mapping Objectives

I/O 

BANDWIDTH
STORAGE

COMPUTE

AMD Versal

AI Engine 

KERNEL

Understanding the number 

of AMD Versal  AI Engine 

tiles required based on 

compute

• Data types

• Sampling rate

• Algorithm

Refer: MACs based on data types

Memory requirements such as 

local memory and non-

neighboring tile memory

• Buffer size

• Data types

• RTPs

• Stack size

• DMA FIFOs

• Memory tile (AIE-ML)

Understanding the number of 

ports required for the design

• Number of PLIO 

ports

• PL clock

• Buffer/stream 

interface

System mapping helps to achieve your design goalAMD Versal AIE-ML

https://docs.xilinx.com/r/en-US/am009-versal-ai-engine/Functional-Overview
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System Partitioning: Filterbank – Compute

Compute

System Requirement

Parameters Value

Sampling Rate (Fs) 2,000 MSPS

# of Channels (M) 4096

# of Taps per Channel (K) 36

Input Datatype cint16

Output Datatype cint32

Filterbank Coefficient Type int32

Precision 1 Precision 2

Number of 

Accumulator 

Lanes

Bits per 

Accumulator 

Lane

Number of 

MACs

int32 cint16 8 64 8

Compute capability based on data type 8 MACs/cycle

Tile compute capacity 8 x 1.25 GHz = 10 GMAC/sec

Per channel compute 36 x 2G/4096 =  0.0176 GMAC/sec

Compute need for all channels 4096 x 0.0176 = 72 GMAC/sec

# Tiles based on compute requirement 8
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System Partitioning: Filterbank – Storage and Bandwidth

Storage

AMD Versal  AIE-ML Local Tile Memory 64 KB

Coefficients Type int32 taps @ 4B = 36 x 4 = 144 bytes

Total Coefficients 4096 x 144 = 589824 = 576 KB

State History 4096 x 140 = 573440 = 560 KB 

# Tiles Based on Storage Requirement 1136 KB => 1136/64 = ~17 -> 32

Data Type cint16 @ 4B = 35 x 4 = 140 bytes

Total Memory Size (Coeff + Data) 576 + 560 = 1136 KB

Coefficient Size 

Data Size 

Bandwidth

Device Capability of One Port 32 bits @ 1250 MHz

# Input Ports (cint16 @ 2 GSPS) Two ports

# Output Ports (cint32 @ 2GSPS) Four ports

System Requirement

Parameters Value

Sampling Rate (Fs) 2000 MSPS

# of Channels (M) 4096

# of Taps per Channel (K) 36

Input Datatype cint16

Output Datatype cint32

Filterbank Coefficient Type int32
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System Partitioning: Filterbank - Summary

Compute

# Tiles Based on Compute Requirement 8

Storage

# Tiles Based on Storage Requirement 1712 KB = 1712/64 = ~17 -> 32 tiles

Total Memory Size (Coeff + Data) 1152 + 560 = 1712 KB

8 Tiles

32 Tiles

Bandwidth

# Input Ports (cint16 @ 2 GSPS) Two ports

# Output Ports (cint32 @ 2GSPS) Four ports

2 Input 

Ports

4 Output 

Ports
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How to Configure TDM FIR to Achieve System Partitioning Targets?

Algorithm Requirements

Storage-
Bound

32 Tiles

From

System 

Mapping 

Analysis
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Filterbank Prototyping – Resource Usage

Key Finding:

• State history of 

TDM FIR stored 

with input window 

(double-buffered)

Resource Usage

System Mapping 

Analysis (Expected) Actual

# tiles 32 64
Double the expected. Why?
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Filterbank Prototyping – Throughput

Throughput = 4,096/1.253 = 3,270 MSPS >> 2,000 MSPS

Plenty of margin. Can we trade-off 

storage for throughput?
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Filterbank Optimization – Trade-Off Throughput for Storage

• Use single_buffer on input connection

• Place each tile’s storage locally

• This will come at the expense of throughput

System 

Mapping 

Analysis

Baseline 

Design

Optimized 

Design

# Tiles 32 64 32 Throughput = 2,200 MSPS
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Prototyping 2D IFFT IP to Assess Required # Instances

Algorithm requirements

Benchmark and measure 

performance

Group front IFFT and point-wise 

twiddle multiplication into single tile
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Prototyping 2D IFFT to Assess Required # Instances

Using SSR=1, we achieve

Required

Achieved

2,000 MSPS

466 MSPS

Front IFFT + Point-Wise Twiddle

Required

Achieved

2,000 MSPS

539 MSPS

Back IFFT

Requires 5 instances to meet requirement Requires 4 instances to meet requirement

IP is restricted to have a common # instances 

for front and back via SSR parameter

SSR=5 should achieve our throughput 

requirement
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Configure 2D IFFT IP to Achieve 2,000 MSPS

• SSR=5 should be enough to meet throughput

Achieve throughput:
• Using SSR=8 simplifies the mapping of 

Filterbank to IFFT

• No state machine is required

Configured to meet 2000 MSPS
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Architecting a High-Throughput IFFT – Implementation with SSR=8

Front IFFT Throughput = 4,096/1.164 = 3,519 MSPS

Back IFFT Throughput = 4,096/.973 = 4,210 MSPS
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Heterogeneous Compute: Using PL for Sample-Oriented 

Processing

(1) (2) (3)

Configure 2D IFFT HLS IP

• SSR = 8                     (matches AI Engine configuration)

• POINT_SIZE = 4096 (matches AI Engine configuration)

• <dsp_lib>/L1/src/hw/ifft_front_transpose (1)

• <dsp_lib>/L1/src/hw/ifft_transpose (2)

• <dsp_lib>/L1/src/hw/ifft_back_transpose (3)
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Channelizer – Complete System Diagram

Design Summary

• TDM FIR uses 32 AMD Versal

AI Engine tiles with 32 I/O 

streams

• 2D IFFT implemented uses a 

mixture of AIE and PL resources, 

with 8 I/O streams

• Split/collect streams 

implemented to manage 

connectivity between IP blocks
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Channelizer Integration through Vitis  Tool Flow for Versal  Devices

Generate Binary (v++ --package)

PL Kernels 

(HLS)

PL and AIE Integration (v++ --link)

AI Engine Compiler

libadf.a

Run/Debug the 

Application

PL Kernels 

(RTL)

AMD Versal  AI 

Engine Kernels

kernel.xo kernel.xo

PS App

Vitis SW Platform

Linux® + rootfs

AMD Vitis  HW 

Platform

XRT API

host.elf

AI Engine Programmable Logic (PL) Platform PS App

Vitis HLS
AMD Vivado  

Design Suite
gcc 

.xsa

.xclbin sd_card img

system.cfg

AI Engine & PL 

Connectivity

system.cfg .xpfm

C
o
m

p
ile

L
in

k
P

a
c
k
a
g
e
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Channelizer 4K Channels @ 2 GSPS on AIE-ML – Implementation 

AI Engine Implementation

PL Implementation
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Simulating the Complete Design in hw_emu

• Design is functionally correct

• Achieves target throughput
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Channelizer 4K Channels @ 2 GSPS on AMD Versal  AIE-ML – Hardware Setup

Build the Project – Generate PDI

% make clean all TARGET=hw

Flash Program

SD Card Image: channelizer/package/sd_card.img 

Use PuTTY: Connect to VEK280 board using USB serial port 

Use 115200

PuTTY

VEK280

AMD Versal  AI Edge Series VEK280 Evaluation Kit Board 

Settings:

Set the switches on the board to boot using sd_card as shown in 

red, then flip the switch shown in yellow to turn on the board
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Channelizer 4K Channels @ 2 GSPS on AMD Versal  AIE-ML – Hardware run

VEK280 Board Power ON and run the design

$ username: petalinux

$ password: petalinux

$ sudo su – root

Enter Password as petalinux

$ cd /run/media/mmcblk0p1/

$ ./embedded_exec.sh a.xclbin

• This shall execute APIs existing in host.cpp

• Measure throughput

• Confirms completion of execution on hardware with a 

“PASSED” message

embedded_exec.sh 
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How Do I Get Access to New AMD Vitis  Library IPs for 

Building Channelizers?

• TDM FIR General Availability (GA) in 2024.2 (November)

• 2D FFT/IFFT Early Access (EA) in 2024.2 (November)

• Example design will be uploaded as a GitHub tutorial in 

2024.2
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Summary 1. Polyphase channelizers are important designs in several 

signal processing market segments

2. AMD Vitis  Libraries now deliver new IPs for rapid 

construction & delivery of high-performance channelizers

• Parameterized to support a broad scope of system scenarios

• Target AMD Versal  AIE or AIE-ML devices

• Delivered & packaged as new “AIE + PL” Vitis subsystems (VSS)

3. Example 4K channel @ 2 GSPS design on AMD Versal  

AIE-ML

4. Discussion on current availability of newly introduced IP 

blocks and design example
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DISCLAIMER AND ATTRIBUTIONS
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