
1

Deep Learning 
with MATLAB

Roy Fahn

Application Engineer

royf@systematics.co.il Blog:

www.linkedin.com/in/royfahn www.systematics.co.il/matlab-blog



2

What is Deep Learning ?

Machine Learning

Deep Learning

Deep learning is a type of machine learning that performs end-to-end learning by 

learning tasks directly from images, text, and sound.

DATA TASK
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Convolutional Neural Networks
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Why is Deep Learning So Popular Now? 

ILSVRC Top-5 Error on ImageNet
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Deep Learning Enablers 

Massive sets of labeled data

Acceleration with GPUs

Availability of state of the art models 
from experts
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Challenges

▪ Handle and label large data sets

▪ Accelerate deep learning with GPUs 

▪ Visualize and debug deep neural networks

▪ Access and use models from experts

▪ Deploy the trained model
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MATLAB makes deep learning easy and accessible
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MATLAB makes Deep Learning Easy and Accessible

imageDS = imageDatastore(dir)

Easily manage large sets of imagesNew MATLAB capabilities to

▪ Handle and label large data sets

▪ Accelerate deep learning with GPUs 

▪ Visualize and debug deep neural networks

▪ Access and use models from experts

▪ Deploy the trained model

Image Labeler

Video Labeler
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Demo: Label Images with MATLAB 

Easily label object(s) from the desired class(es)
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Demo: Label Videos with MATLAB

Automate Ground Truth Labeling by running

custom or pre-built trackers
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R-CNN Vs. Semantic Segmentation 

Regions with Convolutional Neural 

Network Features (R-CNN)
Semantic Segmentation using SegNet
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Demo: Label Images and Videos at the Pixel Level

Essential for semantic segmentation
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MATLAB makes Deep Learning Easy and Accessible

aDS = audioDatastore(dir)

Easily manage collection of audio filesNew MATLAB capabilities to

▪ Handle and label large data sets

▪ Accelerate deep learning with GPUs 

▪ Visualize and debug deep neural networks

▪ Access and use models from experts

▪ Deploy the trained model

Audio Labeler

Signal Labeler
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MATLAB makes Deep Learning Easy and Accessible

Acceleration with Multiple GPUs 

New MATLAB capabilities to

▪ Handle and label large data sets

▪ Accelerate deep learning with GPUs 

▪ Visualize and debug deep neural networks

▪ Access and use models from experts

▪ Deploy the trained model
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Deep learning on CPU, GPU, multi-GPU and clusters

More GPUs
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Deep learning on CPU, GPU, multi-GPU and clusters

More GPUs
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Deep learning on CPU, GPU, multi-GPU and clusters
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Training in MATLAB is fast
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MATLAB makes Deep Learning Easy and Accessible

Feature Visualization

Training Accuracy Plot

Network ActivationsDeep Dream

New MATLAB capabilities to

▪ Handle and label large data sets

▪ Accelerate deep learning with GPUs 

▪ Visualize and debug deep neural networks

▪ Access and use models from experts

▪ Deploy the trained model
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Confusion Matrix

Network Analyzer

Deep Network Designer
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New MATLAB capabilities to

▪ Handle and label large data sets

▪ Accelerate deep learning with GPUs 

▪ Visualize and debug deep neural networks

▪ Access and use models from experts

▪ Deploy the trained model

MATLAB makes Deep Learning Easy and Accessible

Curated Set of Pretrained Models

Access Models with 1-line of MATLAB Code
Net1 = alexnet

Net2 = vgg16

Net3 = vgg19

Net4 = resnet50

Net5 = googlenet

Complete list: 

www.mathworks.com/solutions/deep-learning/models.html

Interface with Other Frameworks

https://www.mathworks.com/solutions/deep-learning/models.html
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MATLAB makes Deep Learning Easy and Accessible

New MATLAB capabilities to

▪ Handle and label large data sets

▪ Accelerate deep learning with GPUs 

▪ Visualize and debug deep neural networks

▪ Access and use models from experts

▪ Deploy the trained model

MATLAB 

Coder

MATLAB 

Compiler

HDL Coder

GPU Coder

MATLAB 

Production 

Server

Desktop Apps 

Enterprise Scale Systems 

Embedded Devices and 

Hardware
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Benchmarking Resnet-50 on GPUs

Platform Back-end Latency (ms) Speedup over 

TensorFlow
MATLAB 

GPU Coder

TensorFlow v1.7

(desktop)

Titan XP

cuDNN v7 4.6 12.8 2.8x

TensorRT v3.0.4 2.3 3.0 1.3x

TensorRT v3.0.4

(int8)

1.0 1.5 1.5x

(embedded)

Jetson TX2

cuDNN v7 45.4

TensorRT v3.0.4 19.6



25

Create CNNs with MATLAB, Deploy with GPU Coder

Alexnet Vehicle 

Detection

People detection Lane detection

~30 Fps

(Tegra X1)

~66 Fps

(Tegra X1)

~20 Fps

(K40c)

~130 Fps

(K40c)
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Alexnet Inference on Jetson TX2: Memory Performance
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Batch Size

MATLAB GPU Coder 
(R2017b)

C++ Caffe 
(1.0.0-rc5)

TensorRT 2.1

(using giexec wrapper)
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Benchmarking Resnet-50 on CPUs

Platform Back-end Latency (ms) MATLAB Coder 

Speedup over

MATLAB 

Coder

TensorFlow

v1.6

Caffe Tensor

Flow

Caffe

(desktop)

12-core Intel 

Xeon E5-1650

MKL-DNN v13 71 232 91 3.3x 1.2x

(embedded)

Raspberry Pi3

ARM Compute 

Library

2000 50000 25.0x
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Deep learning features summary 

▪ Classification

▪ Regression 

▪ Semantic segmentation

▪ Object detection 

▪ Scalability 
– Multiple GPUs

– Cluster or cloud

▪ Custom network layers

▪ ONNX Import/Export

▪ Import models
– Caffe

– Keras/TensorFlow

▪ Data augmentation

▪ Hyperparameter tuning
– Bayesian optimization

▪ Python  MATLAB interface 

▪ LSTM networks 
– Time series, signals, audio

▪ Custom labeling 
– API for ground-truth labeling 

automation

– Superpixels

▪ Data validation 
– Training and testing
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Demos

Image classification using pre-trained network

Train a network to classify new objects

Locate & classify objects in images and video

Speech command recognition

Music genre recognition with wavelet Scattering 
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Demos

Image classification using pre-trained network

Train a network to classify new objects

Locate & classify objects in images and video

Speech command recognition

Music genre recognition with wavelet Scattering 
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Demo: Image Classification Using Pre-trained Network
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Demos

Image classification using pre-trained network

Train a network to classify new objects

Locate & classify objects in images and video

Speech command recognition

Music genre recognition with wavelet Scattering 
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Why Train a New Model ?

o Models from research do not work on your data 

o Pre-trained model not available for your data type 

o Improve results by creating a model specific to your problem 
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Two Approaches for Deep Learning 

1. Train a Deep Neural Network from Scratch 
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Demo: Train from Scratch to Classify New Objects 
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Two Approaches for Deep Learning 

2. Fine-tune a pre-trained model (transfer learning)

1. Train a Deep Neural Network from Scratch 



37

Why Perform Transfer Learning 

▪ Requires less data and training time 

▪ Reference models (like AlexNet, VGG-16, VGG-19) are great feature 

extractors 

▪ Leverage best network types from top researchers 
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Example: Classify Vehicles With Transfer Learning

New Data 
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Demo: Transfer Learning to Classify New Objects 
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Training Accuracy Vs. Iteration



41

GPU Vs. CPU
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Regression Support for Deep Learning 

Classification vs. Regression

▪ Classification – outputs categories/labels 

▪ Regression – outputs numbers 

Supported by new regression layer:
routputlayer = regressionLayer('Name','routput') 

Example: Predict facial key-points:
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Demos

Image classification using pre-trained network

Train a network to classify new objects

Locate & classify objects in images and video

Speech command recognition

Music genre recognition with wavelet Scattering 
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Is Object Recognition/Classification Enough ? 

Car Label for entire image 

Car ? SUV? Truck? 
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Object Detection – Locate and Classify Object 

TRUCK

SUV

CAR
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Demo: Create Object Detector to Locate Vehicles

Step 1: Label / Crop data

Step 2: Train detector

Step 3: Use detector
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Object Detection Frameworks in MATLAB

Machine Learning

1. Cascade Object Detector

2. Aggregate Channel Features (ACF)

Deep Learning

1. R-CNN

2. Fast R-CNN

3. Faster R-CNN

Same labels , train any detector.
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Demos

Image classification using pre-trained network

Train a network to classify new objects

Locate & classify objects in images and video

Speech command recognition

Music genre recognition with wavelet Scattering 
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Demo: Speech Command Recognition
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Demos

Image classification using pre-trained network

Train a network to classify new objects

Locate & classify objects in images and video

Speech command recognition

Music genre recognition with wavelet Scattering 
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Demo: Music Genre Recognition 

▪ Data: http://opihi.cs.uvic.ca/sound

http://opihi.cs.uvic.ca/sound
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Wavelet Scattering Framework

▪ Q: What is a deep network ? 

A: A network that does: 

Convolution ➔ Filter signal with wavelets 

Non-Linearity  ➔ Modulus 

Averaging       ➔ Filter with Scaling function

▪ A comparison: 

Wavelet Scattering Framework Convolutional Neural Network

Outputs at every layer Output at the end 

Fixed filter weights Filter weights are learnt
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Classification Learner App
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Results - 87% Accuracy!
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MATLAB makes deep learning easy and accessible
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Deep Learning Workflow

Files

Databases

Sensors

ACCESS AND EXPLORE

DATA

DEVELOP PREDICTIVE

MODELS

Hardware-Accelerated 

Training

Hyperparameter Tuning

Network Visualization

LABEL AND PREPROCESS

DATA

Data Augmentation/ 

Transformation 

Labeling Automation

Import Reference 

Models

INTEGRATE MODELS WITH

SYSTEMS

Desktop Apps 

Enterprise Scale Systems 

Embedded Devices and 

Hardware
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Types of Datasets

▪ Images

▪ 1D Signals

▪ Numeric

▪ Text
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https://www.youtube.com/watch?v=CwCbxDV8sVk


60

https://youtu.be/-jQD2YmPX68
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What’s New in R2017b?



62

What’s New in R2018a?



63

What’s New in R2018b?
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What’s New in R2018b?
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What’s New in R2018b?
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R2019a Features

▪ Reinforcement Learning Toolbox

▪ 3D

▪ Automatic MATLAB code generation from the network that was 

designed using the Deep Network Designer

▪ YOLOv2 Object Detector – training & CUDA code generation

▪ MobileNet-v2, Xception, and Places365-GoogLeNet

▪ Create custom layers with multiple inputs or multiple outputs

▪ Signal Labeler 

▪ And more…
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Gartner recognizes MathWorks as a “Visionary” and one of the 

top data science platforms in its 2019 research report

• Strength of MATLAB in asset-
centric industries and for 
engineering-focused audiences

• Strengths in operationalization 
as a fully integrated step 
(deployment and enterprise 
integration), data preparation, 
machine learning and
deep learning
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Check Out Deep Learning in MATLAB, GPU Coder and Free Hands-On

GPU Coder

Deep learning in MATLAB

matlabacademy.mathworks.com/

https://www.mathworks.com/products/gpu-coder.html
https://www.mathworks.com/solutions/deep-learning.html
https://matlabacademy.mathworks.com/
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• Website:

www.mathworks.com

• Blog:
www.systematics.co.il/matlab-blog

• LinkedIn   Group:

MATLAB & Simulink users in Israel

• Seminars:

www.systematics.co.il/products/mathworks/events/

• Courses:

www.systematics.co.il/courses/mathworks/

• Videos:

www.youtube.com/user/MatlabSystematics/videos

• Support & Sales: 03-7660111

More Information

Code for demos 1-3 (image processing):
goo.gl/GCHbAa

Code for demo 5 (signal processing): 
goo.gl/nSRgMu

http://www.mathworks.com/
http://www.systematics.co.il/matlab-blog
http://www.systematics.co.il/products/mathworks/events/
http://www.systematics.co.il/courses/mathworks/
http://www.youtube.com/user/MatlabSystematics/videos
https://goo.gl/GCHbAa
https://goo.gl/nSRgMu
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Thank You
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