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MathWorks 인공지능 솔루션을 활용한
전반적인 응용사례 소개

김영우전무 (Technical Manager)



2

Communication

Computing

Control

Sensing

융합기술

Fusion Technology
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Autonomous Technology

Provides the ability of a system to act 

independently of direct human control

under unrehearsed conditions



4

Human

Computer

Degree of Autonomy

Increasing 

autonomy
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Autonomous Technology Transfers Responsibility to Computers
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Oil and gas extraction from Baker Hughes. 
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Autonomous Service for Predictive Maintenance

Which sensor values should they use?

Decide 

& Plan

Act

Perceive

Sense

Pressure

Other 

variables

Vibration Timing

Temperature
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Autonomous Service for Predictive Maintenance

Which sensor values should they use?

Decide 

& Plan

Act

Perceive

Sense

Pressure

Vibration Timing

Those provided characteristic information that enabled them to make a decision. 



9

Normal Operation Maintenance NeededMonitor Closely

Autonomous Service for Predictive Maintenance

Sense

Act

Perceive

Decide 

& Plan

Statistical and Frequency domain analysis ..  
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Machine learning Workflow

Feature extraction Classification

Normal 

Monitor Closely

Maintenance 

Needed

Data

Machine Learning Workflow



11

Feature Extraction
Biggest Challenge is to Find the Right Feature

Normal

Failure

Failure

Normal

Acceleration data

Histogram

Spectral estimation

Failure

Normal
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Machine learning Workflow

Feature extraction Classification

Normal 

Monitor Closely

Maintenance 

Needed

Data

Machine Learning Workflow

다음? →나무
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Machine learning Workflow

Feature extraction Classification

Normal 

Monitor Closely

Maintenance 

Needed

Data

Machine Learning Workflow
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Use deep learning to identify features automatically

Feature extraction Classification

Normal 

Monitor Closely

Maintenance 

Needed

Data

Machine Learning Workflow

Crispy

Crispy enough

Soggy

Deep neural network

95%

3%

2%

..

.
…

Data

Deep Learning Workflow
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Object Recognition using Deep Learning



Efficient tunnel drilling with deep learning
(Obayashi Corporation)
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Traditional Approach

• Geologists assess seven different metrics

• Can take hours to analyze one site

• Critical shortage of geologists

New Approach

• Use deep learning to automatically 

recognize metrics based on images

• On-site evaluators decide with support 

from deep learning

Mikusa Tunnel

Japan

New Austrian Tunneling Method
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Efficient tunnel drilling with deep learning

Obayashi Corporation

Label each 

sub-image

Split into 

sub-

images

Image

Weathering 

Alteration

(1-4)

Fracture 

Spacing

(1-5)

Fracture 

State

(1-5)

3 3 2

4 1 1

2 3 2

3 3 2

⋮ ⋮ ⋮ ⋮

풍화작용. 균열간격, 균영상태
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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 
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Develop Predictive Models – Deep Learning
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AlexNet
PRETRAINED MODEL

Ice cream Teapot Goose

Transfer learning

Custom Network
Weathering alteration: 4

Fracture spacing: 3

Fracture state: 2

Efficient tunnel drilling with deep learning

Obayashi Corporation



27

MATLAB Production 

Server

Efficient tunnel drilling with deep learning

Obayashi Corporation

AlexNet
PRETRAINED MODEL

Ice cream Teapot Goose

Transfer learning

Custom Network
Weathering alteration: 4

Fracture spacing: 3

Fracture state: 2



28

Integrate analytics with your enterprise systems
MATLAB Compiler and MATLAB Coder

.exe .lib .dll

MATLAB

Compiler SDK

MATLAB

Compiler

MATLAB

Runtime

MATLAB Coder 
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Industry Software- Deep Learning in Five Lines of Code
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https://blogs.mathworks.com/deep-learning/2019/07/24/deep-learning-for-medical-imaging/?s_tid=srchtitle

https://blogs.mathworks.com/deep-learning/2019/07/24/deep-learning-for-medical-imaging/?s_tid=srchtitle
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Meta data (SVS file) handling with MATLAB command 

(blockproc.. Imfinfo..) 
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Access Data
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▪ Data is in one or more files

▪ Typically tabular data

▪ Files stacked vertically

▪ Data doesn’t fit into memory 

(even cluster memory)

▪ Create tall table from datastore

tall array

Cluster of

Machines

Memory

Single

Machine

Memory

Tall Arrays

Datastore

ds = datastore('*.csv')

tt = tall(ds)

Single

Machine

MemoryProcess
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tall array

Cluster of

Machines

Memory

Single

Machine

Memory

Tall Arrays

▪ With Parallel Computing Toolbox, 

process several pieces at once
Datastore

Single

Machine

MemoryProcess

Single

Machine

MemoryProcess
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How do I load and access large amounts of data? 

Loads image/signal data 

into memory as and  

when needed

Work with out-of-

memory numeric data

– Train deep neural 

networks for 

numeric arrays

…

>> imageDatastore

>> audioDatastore

>> fileDatastore

Custom Datastores also 

available

Datastores Tall Arrays

Work with very large, tiled and 

multi-resolution images

BigImage

Each red box is a 1024-by-1024 tile in the file.
L1's dimensions = 29,600 x 46,000
L2's dimensions = 14,800 x 23,000
L3's dimensions = 7,500 x 12,000
Rows = 29600
Columns = 46000
TileSizeIntrinsic = [1024 1024]
ResolutionLevelSizes = [29600 46000

14800 23000
7500 

12000]
CoarsestLevel = 3
FinestLevel = 1
PixelSpacings = [1 1; 2 2; 3.947 
3.833]

35
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Big Image Labeler

Image Labeler 

+ Video labeler

Big-Image 

Labeler

36
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AlexNet
PRETRAINED MODEL

Ice cream Teapot Goose

Transfer learning

Custom Network

Colorectal Cancer Histology using Deep learning
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Ritsumeikan Researchers Use Deep Learning to Reduce 

Radiation Exposure Risk in CT Imaging
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Ritsumeikan University
Using Deep Learning to Reduce Radiation Exposure Risk in CT Imaging

CNNs trained on lung and non-lung areas of ultra-low dose CT

▪ MATLAB use in project:

– Train CNNs for lung and non-lung images 

– GPU acceleration if training process using 

multiple GPU

Plans in place to deploy system to clinical setting 

Generate high-resolution computed tomography 

scans from ultra-low dose CT

– Better diagnostic accuracy while reducing 

radiation exposure
Link to article

https://www.mathworks.com/company/newsletters/articles/using-deep-learning-to-reduce-radiation-exposure-risk-in-ct-imaging.html
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Classified as “keyboard” due to 

the presence of the mouse

Incorrectly classified “coffee 

mug” as “buckle” due to the 

watch

Class Activation Mapping to Investigate Network Predictions

41
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Apply the CAM technique to industrial shipping inspection

OK→ watch a whole nut

NG→ watch at broken point 

This network should makes a correct decision   

Video Classification and CAM 
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Musashi Seimitsu Industry Co.,Ltd.
Detect Abnormalities in Automotive Parts

MATLAB use in project:

▪ Preprocessing of captured images 

▪ Image annotation for training

▪ Deep learning based analysis

– Various transfer learning methods 

(Combinations of CNN models, Classifiers) 

– Estimation of defect area using Class Activation Map 

(CAM)

– Abnormality/defect classification 

▪ Deployment to NVIDIA Jetson using GPU Coder
Automated visual inspection of 1.3 million 

bevel gear per month
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Can you find the defective hex nut?

45
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Finding Defective Hex Nuts

47
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Detecting Parts

48
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Pre-processing Data – Registration Estimator App

49
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Pre-processing Data – Image Segmenter App

50
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Preprocessing Data - Apps

51

Color Thresholder Image Region Analyzer
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Without pre-processing With pre-processing

Defect detection using AlexNet: Results with preprocessing

Peak of normal score 
shifts right
(Sufficient margin from 

abnormal units)

Without pre-processing

score

n
u

m
 o

f 
el

em
en

ts

Histogram of predicted scores

With pre-processing

score

Separated defective 
units clearly

52
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End to end AI workflow

Develop

Data 

exploration

Preprocessing

Analyze Data

Domain-specific 

algorithms

Sensors

Files

Access Data

Databases

Desktop apps

Enterprise 

systems

Deploy

Embedded 

devices

AI model

Modeling & 

simulation

Algorithm 

development
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Deploy your deep learning application on multiple hardware 

platforms

Code 

Generation

NVIDIA / ARM Mali

TensorRT &

cuDNN

Libraries

Arm

Compute

Library

Intel

MKL-DNN

Library

Application 

logic

Auto-generated

Code

(C/C++/CUDA)

NVIDIA® and TensorRT ®  are registered trademarks of NVIDIA Corporation

Intel ® is a trademarks of Intel Corporation

Arm ® is a registered trademark of Arm Limited (or its subsidiaries)
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Musashi Seimitsu Industry Co.,Ltd.
Detect Abnormalities in Automotive Parts

MATLAB use in project:

▪ Preprocessing of captured images 

▪ Image annotation for training

▪ Deep learning based analysis

– Various transfer learning methods 

(Combinations of CNN models, Classifiers) 

– Estimation of defect area using Class Activation Map 

(CAM)

– Abnormality/defect classification 

▪ Deployment to NVIDIA Jetson using GPU Coder
Automated visual inspection of 1.3 million 

bevel gear per month
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Learn how to extract image features using pretrained network

Kansai Electric Power Uses Deep Learning to 

Assess Pipe Weld Damage

Kenichi Kizu, The Kansai Electric Power Co. Inc.

Kansai Electric Power applied deep learning to assess creep damage on high 

chromium steel pipe welds. Evaluating damage to internal pipe is difficult using 

conventional nondestructive inspection of the outer surface, so Kansai engineers 

attempted to use images from strain distribution measurement on the outer surface. 

In the research, they used the strain distribution images of the test body and

extracted features using MATLAB® and AlexNet, a deep learning network. This 

approach confirmed that the images can be classified into small damage and large 

damage using a support vector machine. In addition, they created a regression 

model to estimate the damage rate using the same network, and confirmed that the 

larger the damage rate, the better the accuracy. 

Kansai Electric Power intends to confirm the applicability of this method to actual 

machines and apply it to pipes made of various materials.

Deep learning development was easy 

using MATLAB.  Even though I was not 

an expert, I could learn enough from 

seminars and rich documentation.

“

“
Advantages of using MATLAB
• Availability of sample code that enabled immediate use of transfer learning

• Easy-to-use pretrained networks

• Ability to combine with other machine learning methods by using toolboxes

• Availability of seminars, rich documentation, and other learning resources

Fuel tank

Boiler Steam turbine

Generator

Transformer

Pipe

Strain in axial 

direction

Strain in 

circumferential 

direction

Test Body

https://jp.mathworks.com/help/deeplearning/examples/feature-extraction-using-alexnet.html
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Strain in axial 

direction

Strain in 

circumferential 

direction

Test Body
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Quick Demo: Regression Learner App
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Explore MATLAB for deep learning

Deep Learning to Accelerate Microbial Testing in 

Cosmetic Product Development

Koki Yoshida, Ki Sai, and Yoshimasa Nakatani, Shiseido Global 

Innovation Center

To ensure cosmetic products are safe and secure, they must contain the optimum 

amount of preservatives to prevent both skin irritation and microbial contamination. A 

challenge test (preservation efficacy test) is performed to evaluate effectiveness of 

preservatives. Many types of bacteria, yeast, and mold are cultivated over a long 

period of time during the test.

Shiseido conducted research to speed up the test while maintaining accuracy by using 

AI to identify, count, and predict growth of microbes and to predict whether tests could 

be omitted. They used MATLAB® to predict whether the challenge test could be 

omitted by creating a machine learning model that predicts the decay curve of the 

fungus from the ingredients and the ratio to be blended, then used deep learning to 

predict the growth of the fungus. To improve the efficiency of the experiment, they 

created a custom user interface in MATLAB to ease the processes of identifying the 

bacterial species and counting the number of bacteria.  

Using MATLAB in the microbial 

evaluation required for cosmetic 

development, we obtained good results 

that led to faster testing.

“ “
Advantages of using MATLAB:
• Custom network construction using Deep Network Designer

• Ease of performing “trial and error” during machine learning algorithm development

• Development of custom user interfaces using App Designer

Explore MATLAB for deep learning

https://www.mathworks.com/solutions/deep-learning.html?s_tid=hp_brand_deeplearning
https://www.mathworks.com/solutions/deep-learning.html?s_tid=hp_brand_deeplearning
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Machine Learning with MATLAB



©  2018 The MathWorks, Inc.

Machine learning Workflow

Feature extraction Classification

Normal 

Monitor Closely

Maintenance 

Needed

Data

Machine Learning Workflow
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Your Model Is Only As Good As The Input Data

Recurrent Neural Network

Convolutional Neural Network (CNN)

Preprocessing and

Feature Engineering

Preprocessing and 

time-frequency 

transformations

High 

dimensionality 

and variability

Reduced dimensionality 

and variance
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Labeled ECG

LSTM

LSTM

LSTM

ECG

ECG

ECG

Filtering

Fourier Synchrosqueezed Transform

Accuracy

Labeled ECG

Labeled ECG

Signal Segmentation Using LSTM networks

https://www.mathworks.com/help/releases/R2020a/signal/examples/waveform-segmentation-using-deep-learning.html

https://www.mathworks.com/help/releases/R2020a/signal/examples/waveform-segmentation-using-deep-learning.html
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Signal Analyzer App
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Signal Labeler App
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Norwegian Defense Research Department/FFI
Deep Learning for Sonar Applications

MATLAB use in project:

▪ Signal preprocessing and analysis 

▪ Data synthesis for neural network training 

▪ Deep neural network training and analysis

Classification of anti-submarine warfare 

sonar targets using a deep neural network
Classification of anti-submarine warfare sonar targets using a deep neural 

network; 

Karl Thomas Hjelmervik Henrik Berg; MATLAB Expo 2019

https://www.matlabexpo.com/content/dam/mathworks/mathworks-dot-com/company/events/conferences/matlab-expo-nrd/2019/sweden-deep-learning-for-sonar-applications.pdf
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Example: Align Signals with Different Start Times
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Example: Radar/Comm Modulation Classification

Modulation Classification

http://www.mathworks.com/help/comm/examples/

modulation-classification-with-deep-learning.html

http://www.mathworks.com/help/comm/examples/modulation-classification-with-deep-learning.html
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Example: Radar/Comm Modulation Classification
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Predictive energy optimization 
using Big Data Analytics

10-25% savings on total energy cost.

HVAC consumption is generally approx. 

40% of total energy cost, so we can reduce 

HVAC energy consumption by half!

스마트빌딩
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The Need for Energy Forecasts
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Community EMS 

PV Panels:

- MPPT Control

- Power electronics

Battery System:

- Charge controls

- Discharge controls

- Power electronics

Decision Logic:

- Store/draw power

- Use external grid

- Optimize energy

CEMS – community with variable loads



78

EMS Logic

Smart EMSHeuristic EMS
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How Energy Forecasting Works

79

Electricity Demand

Weather

Electricity Prices

Combine

Historical Data

Preprocess Features

Machine 

Learning
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▪ Make prediction model using the pattern of energy demand with the data of 

the grid

▪ Find the important variables for the prediction of energy demand

Prediction Example: Energy Demand

▪ Important variables:

– Customer behavior

– Temperature

– Price

– Illumination

– Hour, holiday, month

– …

→ Regression
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Evaluate all Regression Models
Finding the best predition model

▪ Train all models using

training data and compare

accuracy of each one

– Trainings can run in parallel

▪ Multiple methods to 

assess accuracy

Regression Models
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Machine Learning apps
▪ Try out many models

▪ Compare Results

▪ Get to a reasonable model wi

thout worrying about the deta

ils

84

Perform 

Hyperparameter 

Optimization in apps
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Community EMS

Electrical Grid

Variable Load

Fixed Load

Solar Array

ESS System

EMS
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Simulation Results

Smart EMS
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Policy Comparison - Cloudy Day

Heuristic Optimized Comparison

14% lower cost with optimization

14%
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BuildingIQ Develops Proactive Algorithms for HVAC Energy O

ptimization in Large-Scale Buildings

Challenge

Develop a real-time system to minimize HVAC 

energy costs in large-scale commercial buildings via 

proactive, predictive optimization

Solution

Use MATLAB to analyze and visualize big data sets, 

implement advanced optimization algorithms, and 

run the algorithms in a production cloud environment 

Results
▪ Gigabytes of data analyzed and visualized

▪ Algorithm development speed increased tenfold

▪ Best algorithmic approaches quickly identified

“MATLAB has helped accelerate our R&D and deployment with 

its robust numerical algorithms, extensive visualization and 

analytics tools, reliable optimization routines, support for object-

oriented programming, and ability to run in the cloud with our 

production Java applications.”

- Borislav Savkovic, Building IQ

Large-scale commercial buildings can 

reduce energy costs by 10–25% with 

BuildingIQ’s energy optimization system.
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Application Examples Using MATLAB – SSD
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Object Recognition using Deep Learning
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MATLAB interoperates with other frameworks
Supports ONNX and can exchange models with PyTorch, TensorFlow, and other frameworks.

Caffe importer

Keras importer
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Face detection using Deep Learning

▪ Import each pretrained caffemodel and running on MATLAB

▪ Use as if MATLAB trained model, after first import.

https://kr.mathworks.com/matlabcentral/fileexchange/71819-face-age-and-emotion-detection

https://kr.mathworks.com/matlabcentral/fileexchange/71819-face-age-and-emotion-detection
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Automate Ground Truth Labeling – Custom automation 
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Deploy your deep learning application on multiple hardware 

platforms

Code 

Generation

NVIDIA / ARM Mali

TensorRT &

cuDNN

Libraries

Arm

Compute

Library

Intel

MKL-DNN

Library

Application 

logic

Auto-generated

Code

(C/C++/CUDA)

NVIDIA® and TensorRT ®  are registered trademarks of NVIDIA Corporation

Intel ® is a trademarks of Intel Corporation

Arm ® is a registered trademark of Arm Limited (or its subsidiaries)
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Generate C/C++ CUDA code for acceleration
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Inference speed comparison 

▪ For Intel i7 CPU, Titan XP external GPU

– CUDA Mex performs, specifically in this task

▪ Approx. 8x Faster than CPU running in MATLAB

▪ Approx. 2x Faster than GPU running in MATLAB
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Social distancing detector App
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Social Distancing Application

▪ Project pedestrians location on birds’ eye view

– Calibration, Selecting four points in the perspective view and mapping them to the 

corners of a rectangle in the bird’s-eye view. 

– This assumes that every person is standing on the same flat ground plane.

Get camera 
frame

Detect / 
Localize 

pedestrians 
in the frame

Project 
pedestrians 
location on 
bird’s eye 

view 

Find distance 
between 

pedestrians

Display lines 
between 

pedestrians 
who are 

close

Calculate 
and display 

social 
distancing 

parameters
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Social distancing detector App
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Social Distancing Application

▪ Detect/Localize pedestrians in the frame

– Bottom-center point of each person’s bounding box

Get camera 
frame

Detect / 
Localize 

pedestrians 
in the frame

Project 
pedestrians 
location on 
bird’s eye 

view 

Find distance 
between 

pedestrians

Display lines 
between 

pedestrians 
who are 

close

Calculate 
and display 

social 
distancing 

parameters
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Social Distancing Application

▪ Display social distancing map

– Fine tune the threshold of the minimal distance

Get camera 
frame

Detect / 
Localize 

pedestrians 
in the frame

Project 
pedestrians 
location on 
bird’s eye 

view 

Find distance 
between 

pedestrians

Display lines 
between 

pedestrians 
who are 

close

Calculate 
and display 

social 
distancing 

parameters
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