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DISCLAIMERS

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document
or the suitability of its products for any particular purpose. All information herein is provided AS IS, with all faults, and all
associated risk is the responsibility entirely of the Buyer. The information provided herein is for informational purposes
only and may contain technical inaccuracies or omissions, and may be otherwise rendered inaccurate for many reasons,
and Lattice assumes no obligation to update or otherwise correct or revise this information. Products sold by Lattice have
been subject to limited testing and it is the Buyer’s responsibility to independently determine the suitability of any products
and to test and verify the same. Lattice products and services are not designed, manufactured, or tested for use in life

or safety critical systems, hazardous environments, or any other environments requiring fail-safe performance, including
any application in which the failure of the product or service could lead to death, personal injury, severe property damage
or environmental harm (collectively, “high-risk uses”). Further, buyer must take prudent steps to protect against product
and service failures, including providing appropriate redundancies, fail-safe features, and/or shut-down mechanisms.
Lattice expressly disclaims any express or implied warranty of fithess of the products or services for high-risk uses. The
information provided in this document is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any
changes to the information in this document or to any products at any time without notice.

INCLUSIVE LANGUAGE

This document was created consistent with Lattice Semiconductor’s inclusive language policy. In some cases, the language
in underlying tools and other items may not yet have been updated. Please refer to Lattice’s inclusive language FAQ 6878
for a cross reference of terms. Note in some cases such as register names and state names it has been necessary to
continue to utilize older terminology for compatibility.

ABSTRACT

This white paper explores the benefits of using Lattice FPGAs for implementing Field-Oriented Control (FOC) in brushless
three-phase motor applications. FOC enables precise torque and speed control by transforming motor currents into a
rotating reference frame. Traditionally handled by microcontroller units (MCUs) or digital signal processors (DSPs), FPGAs
offer superior performance through parallel processing, low latency, and deterministic timing. Lattice FPGAs provide
advantages in real-time execution, scalability, system integration, and reliability, making them ideal for compact, power-
efficient motor control systems. The paper presents two example designs showcasing small-form-factor motor drivers

using Lattice Certus™-NX FPGAs, detailing component selection, PCB layout, and communication interfaces. These
designs demonstrate how Lattice FPGAs can meet the demands of modern motor control applications in robotics, industrial
automation, and beyond.

GLOSSARY
MOD - Multi-object Detection
FPGA - Field Programmable Gate Array
mAP — Mean Average Precision
COCO - Common Objects in Context
Anchor-free Detection — Detection approach without predefined anchor boxes
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Introduction

Multi-object detection (MOD) has become a foundational capability for edge vision systems, enabling machines to identify
and localize multiple objects simultaneously under real-time constraints. As these systems move closer to the sensor,
designers must balance accuracy with strict limits on power, latency, and system cost. The Lattice sensAI™ version 8.0
solution stack addresses this challenge by enabling modern, multi-scale object detection pipelines on low power FPGA
platforms. Within the sensAl 8.0 Model Zoo, Lattice provides both a generic multi-object detection model, designed for
broad applicability and adaptability, and an automotive-focused multi-object detection model, tailored for automotive-
oriented perception scenarios. Together, these models illustrate how a common architectural foundation can be adapted to
meet diverse deployment needs while maintaining deterministic performance and efficiency at the far edge.

The Challenge of Multi-object Detection at the Far Edge

Multi-object detection is computationally demanding by nature. Unlike single-object or classification workloads, MOD
systems must simultaneously perform feature extraction, multi-scale inference, object localization, and classification, often
across dynamic scenes with varying object sizes and densities. When deployed at the far edge, these requirements collide
with a distinct set of constraints:

Power and thermal limits: Many edge systems operate continuously within sub-watt power envelopes
Latency and determinism: Vision pipelines must deliver consistent real-time behavior

Memory and bandwidth constraints: Near-sensor devices often lack the external memory capacity assumed by cloud-
era models

Long product lifecycles: Edge systems must evolve over many years without hardware replacement

Conventional Al acceleration approaches struggle under these conditions. CPU-based inference often fails to meet real-
time requirements, while fixed-function accelerators limit adaptability as detection architectures evolve. Deploying modern
multi-object detection at the far edge therefore remains a non-trivial engineering challenge.

Market and Technology Drivers Shaping Adoption

The demand for edge-based perception continues to accelerate as intelligence shifts from centralized cloud infrastructure
toward distributed, near-sensor processing' Key drivers include latency sensitivity, data locality, privacy, and the need for
scalable deployments.

Market research projects strong growth in embedded and edge Al hardware through the second half of the decade, driven
by vision-centric applications across automotive-adjacent sensing, smart infrastructure, robotics, and security.? At the
same time, modern object-detection architectures increasingly rely on anchor-free, multi-scale designs that improve
accuracy but increase architectural complexity.®45

These trends converge on a central challenge: deploying sophisticated perception models under strict power, cost, and
determinism constraints. This is the context in which Lattice sensAl 8.0 is positioned.

Enabling Multi-object Detection with Lattice sensAl 8.0

The Lattice sensAl 8.0 solution stack provides an integrated platform for deploying multi-object detection at the far edge,
combining production-oriented models, deployment-accurate tooling, and resource-efficient FPGA acceleration.

Key features:
A unified Model Zoo with structured model cards
Quantization and simulation tools that reflect fixed-point, on-device behavior
A neural network compiler and ML accelerator IP optimized for low-power FPGAs
Validated reference platforms to accelerate prototyping and integration

This co-designed approach allows developers to evaluate accuracy, performance, and resource trade-offs early in the
design cycle.
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Generic and Automotive-focused Multi-object Detection Models

Positioning Generic and Automotive-focused MOD Models

Within sensAl 8.0, the Generic MOD and Automotive MOD models share a common architectural foundation but differ in
scope and deployment intent. The Generic MOD model emphasizes breadth and adaptability, while the Automotive MOD
model focuses on a constrained set of automotive-oriented object classes and evaluation contexts.

Generic Multi-object Detection Model

The Generic MOD model is designed as a broad, adaptable baseline. It is trained on the full Common Objects in Context
(COCO) dataset and supports diverse application domains such as smart infrastructure, robotics, and security. The Generic
MOD model prioritizes flexibility and adaptability within the constraints of low power FPGA deployment.

Key characteristics:
Broad class coverage (COCO 80 classes)
Suitable for fine-tuning and domain adaptation
YOLO-like anchor-free architecture with three detection scales
Separate outputs for classes and bounding boxes
Offline evaluation using COCO validation datasets

Automotive-focused Multi-object Detection Model

The Automotive MOD model is tailored for automotive-oriented perception scenarios with a deliberately constrained scope.
It is trained to detect exactly eight object categories. The Automotive MOD model is positioned as a scope-controlled
specialization suitable for automotive-adjacent use cases, without implying safety certification.

Object categories:
Person
Bicycle
Car
Motorcycle
Bus
Truck
Traffic light
Stop sign

Key characteristics:
Explicitly defined automotive-focused class set
Same YOLO-like anchor-free architecture as Generic MOD
Three detection scales with separated outputs
Evaluation aligned with automotive-oriented imagery and object-size considerations
Production-oriented configuration for edge FPGA deployment

Architectural Commonalities and Practical Differences

Both models share a set of core architectural principles that enable performance, efficiency, and toolchain compatibility.

Shared set of core architectural principles:
YOLO-like anchor-free architecture with three detection scales
Separated classification and localization outputs
Fixed input resolution (384 x 288 RGB), optimized for fixed-point FPGA execution
Embedded-optimized parameterization
Compatibility with the sensAl 8.0 toolchain
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Table 1 shows the key practical differences between both models.

Table 1: Key Practical Differences

DIMENSION GENERIC MOD AUTOMOTIVE MOD
Training scope Broad, multi-domain Narrow, automotive-focused
Object classes COCO (80 classes) 8 defined classes
Evaluation Offline, general-purpose Automotive-oriented
Primary goal Flexibility Predictability

Interpreting Performance Metrics for Edge MOD

Performance metrics must be interpreted in context. Edge deployments differ from cloud benchmarks due to fixed-point
inference, deterministic execution, and constrained memory.5”

Key considerations:
mAP values are relative indicators, not guarantees
Dataset scope and filtering significantly affect results
Object-size filtering improves deployment realism

Quantization effects are included in reported metrics

Metrics support informed design decisions but should not be over-interpreted as system-level guarantees.

Conclusion

Multi-object detection at the far edge requires architecture and tools designed for power efficiency, determinism, and long
lifecycle support. The Lattice sensAl 8.0 solution stack enables modern object detection on low power FPGAs through a
unified platform and production-oriented models. By offering both Generic and Automotive-focused MOD models, Lattice
delivers a clear framework for aligning detection pipelines with application needs while maintaining efficiency at the far edge.

Appendix

Table 2: Performance Metrics Summary (Selective)

Generic MOD (Offline Evaluation) Automotive MOD

COCO 80-class validation: mMAP@0.5 = 0.39 COCO 8px-filtered: MAP@0.5 = 0.61
COCO automotive-class subset: mMAP@0.5 = 0.44 COCO 20px-filtered: mMAP@0.5 = 0.71

All metrics sourced directly from model cards.
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READY TO LEARN MORE?

To learn more about Lattice low power FPGA-based solutions for industrial, automotive, communications, computing, and
consumer applications, visit www.latticesemi.com or contact us at www.latticesemi.com/contact or
www.latticesemi.com/buy.

TECHNICAL SUPPORT ASSISTANCE

Submit a technical support case through www.latticesemi.com/techsupport.
For frequently asked questions, please refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.
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