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Disclaimers

« This is a technology presentation, not product-readiness or roadmap
commitment

» Opinions presented here are that of the speakers and may not reflect that of
Texas Instruments Inc.

« Some lllustrative visuals generated using Al tools; performance data is based
on measured results.
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Problem Statement

+ Inefficient CPU Usage
ARM (Linux) struggles with compute-heavy real-time workloads, leading to high CPU load.

« Complex Linux < DSP Integration
Interfacing between Linux and DSP involves custom IPC, memory handling, and synchronization complexity.

« Poor Scalability
Systems become CPU-bound, limiting support for multi-channel and advanced processing pipelines.

+ Inefficient Data Movement
Multiple memory copies and unmanaged buffers increase latency and overhead.

+ Underutilization of DSP Resources
DSP cores exist but remain underused due to integration difficulty and lack of simple workflows.s

Existing solutions usually trade Simplicity for performance; The problem is not is dsp availability
for compute — It’s making DSP compute usable for Linux in simpler way.
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Proposed Solution: Linux Controls, DSP accelerates

» Keep Linux as the system
orchestrator

» Use DSP as a compute accelerator

» Separate control plans(Linux) and

................................................................................... ZETO-COFIY Buffer
data plane (shared memory) \Remotepmcxrpmsg

A Core C7x DSP Accelerator

CTx Main Application

Shared DMA Buffer
(DDR Memory)

" Signal Chain |
Handler

RPMSG

£y
v

> No n_ee(_j to mo_ve . » Manages ARM — DSP communication » Linux writes data — shared DMA buffer
application logic from Linux (RPMsg/RPC) (DDR)
» Reuse pre-built DSP kernels « Allocates and manages shared DMA + Notifies DSP via RPMsg
> Zero-copy buffer model buffers (DDR) + DSP copies data — L2 SRAM
(no redundant ARM+DSP copies) . Handles. synchronization & low-latency + DSP executes §igna| chain
T e messaging * Results/KPI written back — shared buffer
, y - DSP notifies Linux

processing

» Clean, reusable
heterogeneous compute pattern
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Software Architecture

Linux User-space
Audio Application

ALidio pipeline /

cusinm app

Copies audia
input data

Linux Kermel Drivers

Remaoleproc + RPMsg driver

Loads DSP firmwara
Handles IPC messaging

Shared DDR Bulfar
Data Plans

DM A-capable buffer in DDR
Linua wriles awdio input
DEP wriles processed audia
outpul and KPl data

Lol DSP Audio Signal
Running on CTx Chain
{or any DSP)
Runs real-ime processing
Receiveas B PMsg (filbers, FFT, AEC, noise
notifications =supprassion, beamforming, elc)
Wiriles resulls hack kb DDR

DSP copies audio data from DDR o L2
SRAM Provides low- laicess for real-lime processing

Contrel low

Data flow
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Linux-Controlled Multi-channel Audio Offload Example

What is AM62D?

» Sitara AM62D Audio & Signal
Processing SoC

» Expandable hardware for
premium audio

* Quad Cortex-A53 running Linux

» C7x vector DSP for signal
processing

* RS&F cores for real-time control

* MCcASP interfaces for
multichannel audio

Signal chain execution on DSP

21
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A53 (Linux)
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File {.wav)on
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RU45(Serial—— 9
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Host GUI Utility —— Conirol

,_D « Live Display Inputfoutput Signal

spectrum (Only in IP mode)
« Latency Graph

Filter ON/OFF Live control
DSP/CPU load

’7“ C7x (Free RTOS)
P T

RPMSG (IPC)

DMA buffer

DDR
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execution
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ARM vs C7x + ARM: Real-Time Performance Comparison

ARM + C7x DSP
ARM Only > Improvement

Latency Latency 6X Lower Latency

K 2.04 ms £0.33 ms 43% Less CPU Load

~ 6X improvement

CPU Load CPU Load

©37% = 21%
~ 43% reduction
CPU-bound DSP Load DSP offload transforms
Limited scalabiity ~7% utilized system performance —
EEIEMEZE) 55k from CPU-bound to

Real-time ready ;
Scalable scalable real-time.

Signal chains are not strictly identical; results reflect practical system-level improvements with DSP offload.
lllustrative visuals generated using Al tools; performance data is based on measured results.
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Current Status and Plan Ahead

Current Status

Established Linux «» DSP offload architecture (ARM + C7x)
Developed rpmsg-dma based communication framework
Implemented shared DDR buffer model with zero-copy data flow
Integrated with ALSA (Linux audio pipeline support)

Achieved end-to-end real-time multichannel processing pipeline
DSP execution optimized using L2 SRAM (low latency, deterministic)
Validated with streaming and compute workloads

R/ R/
0‘0 0‘0
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0
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)
0‘0

)
0‘0

Next Steps

s Integrate with PipeWire (modern Linux audio stack)

s Extend to DSP + Al hybrid pipelines (feature extraction + inference)
% Enhance scalability (higher channels, bandwidth, workloads)

% Improve buffering & scheduling (multi-buffering, pipelining)

s Add profiling, tracing, and latency measurement tools
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Q&A Learn more about Tl products
— https://www.ti.com/linux

« Contact Information:
— Vishnu Pratap Singh <v-singh1@ti.com>
* Also, on IRC @ libera.chat #linux-ti

— https://www.ti.com/processors

— https://www.ti.com/edgeai

Why choose TI MCUs and processors?

+/ Scalability +/ Efficiency +/ Affordability v Availability

Our products offer scalable We design products that extend We strive to make innovation Our investment in interal

performance that can adapt and battery life, maximize performance accessible to all by creating cost- manufacturing capacity provides

grow as the needs of your for every watt expended, and effective products that feature greater assurance of supply,

customers evolve. unlock the highest levels of system state-of-the-art technology and supporting your growth for decades
efficiency. package designs. to come.
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