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Sources:  MNIST handwritten digit database,

Yann LeCun, Corinna Cortes and Chris Burges
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Get Started with Image Classification

This example shows how to create a simpie convolutional neural network for deep leaming classification using the Deep Network Designer app. Convolutional neural networks are essential tools for deep leaming and are especially suited for image recognition

Predicted Class: 6 Predicted Class: 2 Predicted Class: 5

&

Load Image Data
Load the digit sample data as an image datastore. To access this data, open the example as a live script. The imageDatastore function automatically labels the images based on folder names. The data set has 10 classes and each image in the data set is 28-by-28-by-1 pixels.
dataFolder = fullfile(toolboxdir('nnet'), 'nndemos’, 'nndatasets’,'DigitDataset');
imds = imageDatastore(dataFolder,
IncludeSubfolders=true, ...

LabelSource="foldernames");

classNames = categories(imds.Labels);

Partition the data into training, validation, and test data sets. Use 70% of the images for training. 15% for validation, and 15% for testing. Specify "randomized” to assign the specified proportion of files from each class to the new data sets. The splitEachLabel function splits the image
datastore into three new datastores

[imdsTrain,imdsvalidation,imdsTest] = splitEachLabel(imds,©.7,0.15,0.15, "randomizad");
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Define Network Architecture
To build the network, use the Deep Network Designer app
deepNetworkDesigner

To create a blank network, pause on Blank Network and click New

In the Designer pane, define the convolutional neural network architecture. Drag layers from the Layer Library and connect them. To quickly search for layers, use the Filter layers search box in the Layer Library pane. To edit the properties of a layer, click the layer and edit the values
in the Properties pane

Drag these layers in order and connect them sequentially. First, drag an imagelnputLayer onto the canvas and set InputSize to 28,28,1

E imagelnputLayer

2
imageinput
Name imageinput |
I InputSize [28.28.1 | ]

Zoom: 100% UTF-8 LF
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https://ww2.mathworks.cn/company/technical-articles/rapid-prototyping-for-intelligent-networked-vehicle-applications.html?s_tid=srchtitle_customer_stories_2_pytorchns.html?s_tid=srchtitle_customer_stories_2_pytorch
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Statistics and Machine Learning Applications

Apply statistics and machine learning methods to industry-specific workflows

Statistics and Machine Learning Toolbox™ provides tools to describe, analyze, and model data. Apply these tools, in combination with
other MATLAB® toolboxes, to perform industry-specific workflows. Some of the application areas include:

Aerospace — Explore radar and other signals, detect anomalies, and build predictive models.

Biotechnology and Pharmaceutical — Analyze clinical data, and perform modeling and simulation for drug discovery and

development.

Communications and Signal P ing — Classify audio and other signals, and model wireless devices and integrated circuits.

Energy Productiol

Industrial Automa
manufacturing pre

Medical Devices -
applications while

Quantitative Finar
risk, and fraud det
Aerospace

Radar Target Classifi
Classify radar returns

Biotechnology a

High-Throughput £
Gene Expression Pro
This example shows :

Applications R2023b
Extend deep learning workflows with computer vision, image processing, automated driving,
signals, audio, text analytics, and computational finance

Use Deep Learning Toolbox™ to incorporate deep learning in computer vision, image processing, automated driving,
signal processing, audio, text analytics, and computational finance applications.

Categories

Image Processing and Computer Vision
Extend deep learning workflows with image processing, computer vision, medical imaging, lidar, and automated
driving applications

Signal Processing, Audio, and Wireless
Extend deep learning workflows with signal processing, audio processing, wireless communications, and radar
processing applications

Autonomous and Control Systems
Extend deep learning workflows with reinforcement learning, predictive maintenance, and autonomous navigation
applications

Text Analytics and Computational Finance
Extend deep learning workflows with text analytics and computational finance applications

4\ MathWorks
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= 3 Data Sets for Deep Learning
(545

Use these data sets to get started with deep learning applications.

+ }_I_. l Image Data Sets
A ?,
° HT I Ej § J Data Set Description

Digits The digits data set consists of 10,000 synthetic grayscale images of handwritten digits. Each image is 28-by-
28 pixels and has an associated label denoting which digit the image represents (0-9). Each image has been

2 2 8
2 $ . rotated by a certain angle. When loading the images as arrays, you can also load the rotation angle of the
b Q (3 2 7] image.

9 4 5 Load the digits data as in-memory numeric arrays using the digitTraind4DArrayData and
(' 6 digitTest4DArrayData functions.
=wa .IJ:ﬁ
° 2 7 [XTrain,YTrain,anglesTrain] = digitTrain4DArrayData;
E y)\ [XTest,YTest,anglesTest] = digitTest4DArrayData;

For examples showing how to process this data for deep learning, see Monitor Deep Learning Training

. % 1:% %{.& *E Progress and Train Convolutional Neural Network for Regression.
AREF SRS MAEHTUH
5 ST MRS OIS TE
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Object Detection

— ITEN M 5 “

o s

) - humans look at images or video, we can recognize and locate objects of interest within a matter of moments. The
goal of object detection is to replicate this intelligence using a computer.
g iii Py
PEYRY 1|:| (==

Inputs are RGB images, the output is the predicted label, bounding box and score:
MATLAB Dee|

Object detection is a computer vision technique used for locating instances of objects in images or videos. When

Diseover pretrained models

=wa .It Models
— MRTIA

— % ﬁﬁ /IJ\\}]I:I ?ﬁ*%gz_ e RGB image

Input

Output

Pretrained
Model

Classification Label,
Natural Language Pra Bounding Box & Score
Audio

These networks have been trained to detect 80 objects classes from the COCO dataset. These models are suitable for
training a custom object detector using transfer learning.

Network Size Mean Average Precision Object .
Network X Location
variants (MB) (mAP) Classes
EfficientDet- .. .
P — efficientnet 159 337 80 GitHub
Do GitHub
yole8n 107 373
yolo8s 37.2 44.9
YOLO v8 yolo8m 854 50.2 80 GitHub
yolo8l 143.3 52.9
yolo8x 2227 53.9

https://github.com/matlab-deep-learning/ MATLAB-Deep-Learning-Model-Hub
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Hb@E W7

o Layout Stop  Training Conf Fil
t Mat
FILE ENVIRONMENT REVIEW RESULTS ___ FILTER EXPORT =
EXPERIMENT BROWSER © || Baseline Tuning » | | Baseline Tuning | Result1 x °
~ (3 DigitsClassifier
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[E sweep Initial Leaming Rate Baseline Tuning 2/7/2020, 12:53:36 PN I 716 Trials
(View Experimen t Source)
@ Complete 7 A Stopped 0 © Eror 1]
nnnnnn = Queued 8 X Canceled o
]
Trial Stat Progress Elapsed Tim mylnitialLeai nvFilterSi Training A Training L Validation Ac..
1 @ Complete I 100.0% 0 hr 0 min 16 sec. 1.0 0000 10
2 @ Compl [ W 1.0000e-5  3.0000  25.7813
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8 O Running | I MMM 30.7% | OhrOmind
9 = Queved | N NN 0.0%
10 = Queved N 00%| | 1.0000e-5
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12 £= Queved N I 0.0%
13 = Quoued | B NN 00%| | 1.0000e-6
14 = Queued BN 00%| | 1.0000e-5
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MATLAB and Simulink for Electrical
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modeling, and project-based learning. There are several readily available resources across a variety of areas for delivering instruction and

engaging students:
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