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What is Automated Visual Inspection?

“ Automated optical inspection is the image-based or visual 

inspection of manufacturing parts where a camera scans 

the device under test for both failures and quality defects"

Machine Vision Optical Inspection

Automated Inspection

Automated Defect Detection
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User Stories

Post Analysis & Viewer

Defects Classified

Optical Camera

R2R Film production

Film Production InspectionMetrology Technology for Semiconductor Manufacturing

https://www.matlabexpo.com/jp/2018/abstracts.html#sessionc3
https://www.mathworks.com/company/user_stories/asml-develops-virtual-metrology-technology-for-semiconductor-manufacturing-with-machine-learning.html?s_tid=srchtitle_ASML_1
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Visual Inspection Use Cases

- Consumer Electronics and Wafer Inspection

Anomaly Detection

Quality ControlMetrology Fiducial Localization
Image Credits: Integrated wafer-scale manufacturing of 

electron cryomicroscopy specimen supports

Image Credits: Thermal cycling effect on the crack formation of solder joint in ball grid array package

Image Credits: Review of Bumpless Build Cube (BBCube) Using 

Wafer-on-Wafer (WOW) and Chip-on-Wafer (COW) for Tera-

Scale Three-Dimensional Integration (3DI)

https://doi.org/10.9729/AM.2015.45.4.189
https://doi.org/10.1016/j.ultramic.2021.113396
https://doi.org/10.9729/AM.2015.45.4.189
https://doi.org/10.1088/1742-6596/2169/1/012006
https://doi.org/10.3390/electronics11020236
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Inspection Cameras

Image Analysis

Defective Parts

Typical Visual Inspection System
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Can you find the defective solder joint?
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Defect Classification
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Anomaly Detection

https://arxiv.org/abs/1901.08204

https://arxiv.org/abs/1901.08204
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Counting, Presence and Localization of Objects
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Data Access and Preprocessing – Common Challenges

How do I preprocess data and get 
the right features?

How do I label my data faster?

What if I have an imbalanced 
dataset or don’t have enough data?
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Data Access and Preprocessing – Common Challenges

How do I preprocess data 
and get the right features?
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Pre-processing Data – Color Thresholder App



15

Pre-processing Data – Region Analyzer App
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Pre-processing Data – Registration Estimator App
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Apps Accelerate Workflow 
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Other Filtering and Enhancement Functions

Image Filtering and Enhancement Functions

imgaborfilt(A,wavelength,orientatio

n)

https://www.mathworks.com/help/images/referencelist.html?type=function&listtype=cat&category=image-enhancement-and-restoration&blocktype=all&capability=&s_tid=CRUX_lftnav
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Data Access and Preprocessing – Common Challenges

How do I label my data 
faster?
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How do I label my data? 
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How do I label my data? 
imageLabeler signalLabeler

blockedImage Labeler

groundTruthLabeler

videoLabeler lidarLabeler
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Data Access and Preprocessing – Common Challenges

What if I have an imbalanced 
dataset or don’t have enough data?
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Contrast Jitter on Grayscale

Data Augmentation by Transformation

Data augmentation allows building more complex and more robust models

Original

Dataset

Augmented

Dataset

N times as 

much data
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Data Augmentation using Generative Adversarial Networks (GANs)

Images of digits generated from noise.
File Exchange: Conditional GAN (Generative Adversarial Network) with MNIST

Generative Adversarial Networks

https://www.mathworks.com/matlabcentral/fileexchange/74921-conditional-gan-generative-adversarial-network-with-mnist?s_tid=srchtitle_GAN_6
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Types of Defect Detection

Defect Classification Anomaly Detection
Counting, Presence and 

Localization of Objects
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Defect Classification

Defect Classification Anomaly Detection
Counting, Presence and 

Localization of Objects

Example: Classify Defects on Wafer Maps Using Deep Learning

https://www.mathworks.com/help/images/classify-anomalies-on-wafer-defect-maps-using-deep-learning.html
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WM-811K Wafer Defect Map Data

http://mirlab.org/dataset/public/

http://mirlab.org/dataset/public/
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Convolutional Neural Networks (CNN)

Objects
Shapes

Edges
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Approach to find the defective units

Pretrained network
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Training the network with GPU
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Evaluating Network Performance
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Anomaly Detection

Defect Classification Anomaly Detection
Counting, Presence and 

Localization of Objects

Example: Detect Image Anomalies Using Explainable One-Class Classification Neural Network

https://www.mathworks.com/help/images/detect-anomalies-using-single-class-classification.html
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Anomaly detection for an imbalanced dataset

36

good bad

• Use only good images at training.

• Automatically sets optimal anomaly threshold

• Predict images as good/bad at inference time

bad

Supported Anomaly Detection Method

• FCDD

• FastFlow

• PatchCore

• PaDiM

• 1-class SVM

Computer Vision Toolbox Automated Visual Inspection Library

https://www.mathworks.com/matlabcentral/fileexchange/116555-computer-vision-toolbox-automated-visual-inspection-library#:~:text=The%20Computer%20Vision%20Toolbox%E2%84%A2%20Automated%20Visual%20Inspection%20Library,and%20training%20deep%20learning%20networks%20to%20detect%20anomalies.
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Anomaly Detection Using Fully Convolutional Data Description (FCDD)

“VGG Backbone”

Augmentation

Layers

• Quick-to-train, and requires very few anomalous samples

• Auto-generates a heatmap
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Approach to find the defective units

High score
Low score

Feature 

vector

One-class 

SVM
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wm811k: Wafer Anomaly Detection Using Fully Convolutional Data 

Description (FCDD)
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Challenges with Deep Learning Models

Car

Truck

Bicycle

• Class Activation Mapping（CAM）
• Grad-CAM

Anomaly map helps to understand 

why AI says it’s a defect

https://jp.mathworks.com/help/releases/R2019b/deeplearning/examples/investigate-network-predictions-using-class-activation-mapping.html
https://jp.mathworks.com/help/releases/R2019b/deeplearning/ug/gradcam-explains-why.html
https://www.mathworks.com/help/vision/ref/fcddanomalydetector.anomalymap.html


41

Classified as “keyboard” due to 

the presence of the mouse

Cracks are highlighted in 

Anomaly detection

Anomaly Map to Investigate Network Predictions

Computer Vision Toolbox Automated Visual Inspection Library

https://www.mathworks.com/matlabcentral/fileexchange/116555-computer-vision-toolbox-automated-visual-inspection-library#:~:text=The%20Computer%20Vision%20Toolbox%E2%84%A2%20Automated%20Visual%20Inspection%20Library,and%20training%20deep%20learning%20networks%20to%20detect%20anomalies.
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Counting, Presence and Localization of Objects

Defect Classification Anomaly Detection
Counting, Presence and 

Localization of Objects
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Object Detectors

YOLO v2

YOLO v3
Faster R-CNN

SSD

Instance Segmentation
YOLO v4

Build, test, and deploy a deep learning solution that can detect objects in images and video
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Counting, Presence and Localization of Objects

https://arxiv.org/abs/1901.08204

https://arxiv.org/abs/1901.08204
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Which architecture to choose for Visual Inspection?

YOLO – Object Detector

Deep Autoencoder

Semantic Segmentation 

Network

Generative Adversarial Network 

(GAN)

Convolutional Neural Networks Fully Convolutional Data Description 

(FCDD) – Anomaly Detector
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Deploy to Enterprise Infrastructure or Embedded Systems

AI models in MATLAB and Simulink can be deployed on enterprise systems or the cloud, 

or on embedded devices.

Algorithms

and

Models

Any CPU/MCU
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External Language Interfaces
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Deploy to 

Jetson AGX 

Xavier

Deploy to 

ZCU102 board 

from Xilinx 

Deploy to ARM 

Cortex-A 

microprocessor

Deploy as 

Desktop or 

Web App
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Key Takeaways

 Interactive and easy to use apps help explore, iterate and 

automate workflows

 Flexibility and options to choose networks and optimizations 

based on data and requirements

 MATLAB provides an easy and extensible framework for visual 

inspection from data access to deployment
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Visual Inspection Support package
Computer Vision Toolbox Automated Visual Inspection Library

• Anomaly detector

• Parameter optimization

• Visualization and evaluation tools

• Dedicated examples
• Detect Image Anomalies Using Pretrained ResNet-18 

Feature Embeddings

• Classify Defects on Wafer Maps Using Deep Learning

• Detect Image Anomalies Using Explainable One-Class 

Classification Neural Network
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https://www.mathworks.com/matlabcentral/fileexchange/116555-computer-vision-toolbox-automated-visual-inspection-library#:~:text=The%20Computer%20Vision%20Toolbox%E2%84%A2%20Automated%20Visual%20Inspection%20Library,and%20training%20deep%20learning%20networks%20to%20detect%20anomalies.
https://www.mathworks.com/help/vision/ug/detect-image-anomalies-using-pretrained-resnet-18-feature-embeddings.html
https://www.mathworks.com/help/vision/ug/classify-defects-on-wafer-maps-using-deep-learning.html
https://www.mathworks.com/help/vision/ug/detect-image-anomalies-using-explainable-one-class-classification-neural-network.html


Questions?


