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Example: Developing Health Monitoring for Electrical Grid​s
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Deployment to Embedded and Enterprise Systems

Card to Classify Blood Type

IDNEO

EmbeddedEnterprise

Health Monitoring of Distribution 

Transformers

https://www.mathworks.com/company/user_stories/idneo-develops-embedded-computer-vision-and-machine-learning-algorithms-for-interpreting-blood-type-results.html
https://www.mathworks.com/company/user_stories/case-studies/siemens-develops-health-monitoring-system-for-distribution-transformers.html?s_tid=srchtitle
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Agenda

Deploying AI to production is difficult

Three specific challenges:

1. Limitations of Embedded hardware

2. Ongoing changes in environment or system behavior

3. Scale to production load in Enterprise systems
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Two Approaches for integrating AI with Larger System

Embedded Systems

MATLAB

FPGACPU
GPU

Code Generation

Enterprise Systems

Compiler
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Embedded Deployment of Acoustic Scene Recognition
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Embedded Deployment of Acoustic Scene Recognition

Limited 

resourcesSqueezenet ~5MB

ResNet-50  ~100MB 
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Embedded Deployment of Acoustic Scene Recognition

Limited 

resourcesSqueezenet ~5MB

ResNet-50  ~100MB 
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Quiz: Which Sounds do you hear?
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Embedded Deployment of Acoustic Scene Recognition

Limited 

resourcesSqueezenet ~5MB

ResNet-50  ~100MB 
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Embedded Deployment of Acoustic Scene Recognition

Reformat the data

Limited 

resourcesSqueezenet ~5MB

ResNet-50  ~100MB 
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Embedded Deployment of Acoustic Scene Recognition

Reformat the data

Limited 

resourcesSqueezenet ~5MB

ResNet-50  ~100MB 

Convolutional Neural Networks (CNN)
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How can Embedded Deployment Be Enabled?
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How can Embedded Deployment Be Enabled?
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How can Embedded Deployment Be Enabled?
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How can Embedded Deployment Be Enabled?
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How can Embedded Deployment Be Enabled?

Original
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How can Embedded Deployment Be Enabled?

Original

Layer Fusion
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How can Embedded Deployment Be Enabled?

Original Pruning

Layer Fusion
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How can Embedded Deployment Be Enabled?

Original Pruning

Layer Fusion Quantizing
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Deep Learning Quantization: Acoustic Scene Classification
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Deep Learning Quantization: Acoustic Scene Classification

• Load trained network

• Split data: calibration – 80%, validation – 20%

• Launch Deep Network Quantizer App
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Deep Learning Quantization: Acoustic Scene Classification
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Deep Learning Quantization: Acoustic Scene Classification
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Deep Learning Quantization: Acoustic Scene Classification

90% 89%

Top-2 Accuracy

Top-2 Accuracy

FP32 INT-8

4.7

1.2

Learnable Parameters

Memory (MB)

FP32 INT-8

75%

0.3%
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Deep Learning Quantization: Acoustic Scene Classification

90% 89%

Top-2 Accuracy

Top-2 Accuracy

FP32 INT-8

4.7

1.2

Learnable Parameters

Memory (MB)

FP32 INT-8

75%

0.3%

FPGA

CPU

GPUCode 

Generation
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AI models reflect System behaviors and Environment

(illustration only; not based on actual data)
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AI models reflect System behaviors and Environment
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Deployed Models Need to Adapt.
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Model Updates in Embedded Deployment

Automated C-Code 

Generation
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Model Updates in Embedded Deployment

Production 

Data

Update 

Parameters only
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Agenda

Deploying AI to Embedded and Enterprise systems is difficult

Three specific challenges:

1. Limitations of Embedded hardware

2. Ongoing changes environment or system behavior

3. Scale to production load in Enterprise systems
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Enterprise Deployment of AI
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Integrate with Enterprise Systems and Scale to Production Load

Production 

Data
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Integrate with Enterprise Systems and Scale to Production Load

Microservices APIs

Production 

Data
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Example: Incremental Health Monitoring

Sensor data Anomaly Detection loop
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Incremental Learning within Streaming Architecture

Data from 

Production 

System

Dashboard

K/V Store

Sensor Data

Incremental 

Learner

f(x)

incMdl = incrementalLearner(mdl);

while dataStreaming

featureChunk = extractFeatures(streamdata);

inclMdl = updateMetricsAndFit(incMdl,featureChunk,labels);

End
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Incremental Learning within Streaming Architecture

Data from 

Production 

System

Dashboard

MATLAB Production 

Server

Request 

Broker

WorkerConnector
Connector

Sensor Data

K/V Store
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OPERATE

DEPLOY

MONITORTEST

DESIGN

BUILD

Operationalize AI without recoding

MATLAB

Development Operations

IT/OT Systems

{ RESTful API }

Deep Network 

Quantizer
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OPERATE

DEPLOY
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TEST

DESIGN
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Operationalize AI without recoding - Model DevOps
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Conclusions

Deploy to Embedded and Enterprise systems from one codebase

Tools for handling deployment-specific challenges:

▪ Fit models to embedded hardware with Quantization / Fixed-Point conversion

▪ Scale to data and users with MATLAB Production Server

▪ Incrementally adapt deployed models to maintain performance

Design, Deploy and Maintain AI-powered systems in one framework
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Learn More

Check out our handout with links to customer stories, documentation –

and examples which you can try out in MATLAB Online

DevOps for Software and Systems: 

Operationalization of Algorithms and Models Deploying AI on PLCs
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