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OUTLINE
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Image processing Deep learning 

Neural networks(Convolutional)



REFERENCED BOOKS
Deep learning with Python by Francois Chollet 

Hand-on machine learning with Scikit-Learn, Keras & Tensorflow by Aurélien Géron
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API: APPLICATION PROGRAMMING INTERFACE

4



MORE ADVANCED REFERENCE
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Ting 2025, ARAA, (arXiv:2510.10713)



IMAGE How different are they?
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IMAGE
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IMAGE
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3D tensor for 1 image 

(height, width, 3)

4D tensor for N images 

(N, height, width, 3)



DEALING WITH IMAGE
OpenCV
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Original Grayscale Canny edge
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DEALING WITH IMAGE
OpenCV

Resize Blur



ASTRONOMICAL IMAGE
FITS: Flexible Image Transport System
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Image data

Tabular data



WHAT DIFFERENT?
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TURNING ASTRONOMICAL IMAGES 
TO RGB ONES
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WHAT IS DEEP LEARNING?
AI 

“The effort to automate intellectual tasks that 
are usually done by humans.” 

Machine Learning 

 

Deep Learning  
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Statistical modeling
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WHAT IS DEEP LEARNING?
Machine learning 

Deep learning  
Supervised ML

Unsupervised ML
Semi-supervised M

L
Reinforcement

©Yuma



DL IN ASTROPHYSICS
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Ting 2025, ARAA, (arXiv:2510.10713)



DL IN ASTROPHYSICS
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Ting 2025, ARAA, (arXiv:2510.10713)



HOW DL WORKS
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Ting 2025, ARAA, (arXiv:2510.10713)

Challot 2021, DL with Python

3 compilation steps: 

1. Optimizer 

2. Loss function 

3. Metrics



ARTIFICIAL NEURAL NETWORK
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Deep neural networks

Desired output

Back propagation



CLASSIFICATION WITH ANN
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Softmax function

Rectified Linear Unit



A FIRST LOOK AT NEURAL NETWORK
Classifying digits from MNIST data -> Example_DL_MINSTdata.ipynb
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A FIRST LOOK AT NEURAL NETWORK
Classifying digits from MNIST data -> .ipynb file

L(y, ̂y) = −
C

∑
i=1

yi log( ̂yi)

RMSProp
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A FIRST LOOK AT NEURAL NETWORK
Training and evaluating the model
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USING TRAINED MODEL TO PREDICT
Classifying digits from MNIST data -> .ipynb file



FAMOUS NN FOR IMAGE
CNN: Convolutional Neural Network
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Conv2D: Feature map 

(Height, width, channels)

((3*3*1)+1)*32 =320 

((3*3*32)+1)*64 =18,496  

(1152*10)+(1*10)=11,530 

bias

bias



FAMOUS NN FOR IMAGE
CNN: Convolutional Neural Network
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CONVOLUTION OPERATION
Global (Dense) vs local (Convnet) pattern 

2 interesting properties of Convnet 

1. The pattern they learn is translational invariant 

Fewer training images 

2. They can learn spatial hierarchies of patterns
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CONVOLUTION OPERATION

Response map = the response 
of that filter pattern at 
different location of the input
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Number of filtersSize of response map

Feature map



1. Cut the input feature map 
into small patches 

2. Dot product with 
“convolutional kernel”, a 
learned weight matrix 
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CONVOLUTION OPERATION



CONVOLUTIONAL OPERATION
Border effect
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5x5 feature map

5x5 -> 3x3



CONVOLUTIONAL OPERATION
Want the same spatial dimensions? -> padding 

Adding columns and rows so that we can do centered convolution 
at every input tile
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5x5 -> 5x5

In Conv2D layer, “padding” argument: valid=“no padding” or same=“same dimensions” 



Convolution strides (default = 1)
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CONVOLUTIONAL OPERATION

5x5  3x3 patched with 2x2 strides⊛



MAX POOLING
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LAST LAYERS
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LET’S TRY WITH SMALL DATA
kaggle.com Cat-dog dataset 

25,000 images of cats and dogs 

Try to use only 2,000 samples to train (1,000 images for each class)
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http://kaggle.com


COPYING SMALL SET OF DATA
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CREATING MODEL
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USE TENSORFLOW TO CREATE DATASETS

38



TRAIN MODEL
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Save only the better version when val_loss is lower



DISPLAY ACCURACY & LOSS
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Clearly overfitting!



DATA AUGMENTATION

RandomFlip: Horizontal vs vertical 

RandomRotation(0.1)  

10% rotation (+/- 36 degrees) 

RandomZoom(0.2)  

+/- 20% zoom in-out
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REBUILD MODEL
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POWER OF DATA AUGMENTATION
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Before After



LEVERAGING THE PRETRAINED MODEL
A pretrained model is a model that was previously trained with large datasets.
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Frequently used pertained models 

1. VGG16 

2. Xception 

3. ResNet 

4. MobileNet 

5. GoogLeNet 

6. AlexNet 

Etc.



EXAMPLE: VGG16
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IMPLEMENT CONVOLUTIONAL VGG16
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2 WAYS OF IMPLEMENTING 
1. Run convolutional base of the pretrained model -> Numpy array 

• Then use the Numpy array to train the densely connected classifier 
separately.  

2. Extend the model by adding the Dense layers and run the whole thing
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Drawback: cannot use with data augmentation

Drawback: computationally expensive



FIRST METHOD: SEPARATELY TRAIN
Without data augmentation 
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Get feature from convolutional 
base of the pretrained model



SECOND METHOD: EXTEND MODEL
Adding the densely connected layers to the convolutional base  

Don’t forget to freeze the convolutional base from updating the 
weights
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TASKS USING CNN
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CLASSIFICATION PROBLEM
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SEGMENTATION PROBLEM

52

To be submitted to Clinical Oral Investigation


