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WITCHUDA THONGKING : ANALYSIS AND CLASSIFICATION OF
ABNORMAL VERTEBRAE BY ARTIFICIAL INTELLIGENCE.

THESIS ADVISOR : ASST. PROF. PUSIT MITSOMWANG, Ph.D., 65 PP.
ABNORMAL VERTEBRAE/ARTIFICIAL INTELLIGENCE

This research is an application of the neural network (NN) algorithm
to a medical monitoring work. The NN algorithm was used to classify and analyze
the alignment of human vertebrae from computerized tomography (CT). The data used
in this research, CT images and patient information, was supported by Suranaree
University of Technology Hospital,, Nakhon Ratchasima, Thailand. These studies
focused on the alignment of vertebrae, especially on cervical vertebrae (C1-C7).
The methodology consisted of 2 main processes. The first process was the image
extraction that extracted the essential characteristic of a medical image. All 3D CT
images were viewed by RadiAnt Program in 4 viewpoints, which were anterior,
posterior, right side and left side. After that, the Ridge Detection with various
parameters was’ applied to the obtained images to extract the key characteristics of
the vertebrae appearing in-the images: Here, the 8 parameters were the combinations
of sigma 1,4,7 and 10 with the two low-high thresholds, 10-30 and 20-20. In the
final process, the python code of the NN algorithm was developed to classify the
normal and abnormal alignment of human vertebrae from the processed images.

The best model could perform very well. It was able to predict faultlessly.
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ARTIFICIAL INTELLIGENCE

A program that can sense, reason,
act, and adapt

MACHINE LEARNING

Algorithms whose performance improve
as they are exposed to more data over time

DEEP
LEARNING

Subset of machine learning in
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Feature maps

Convolutions Subsampling Convolutions Subsampling Fully connected
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29 msiszaamamn (Image Processing)
1 1 I 1
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Sigma =@ 2 Low threshold ~ e=@ 15% High threshold  essg 7%
Input : raw image [ Overlay Step 4 : Hysleresis threshold [ Overlay

517 2.23 Mmuaasmsadeaniammzvesn I 1aen309ilo Ridge Detection
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Visa et al. (2011) na1331m51)sziivalsz@namvesunusiaeslagls Confusion
Matrix uaaswanugld 224 ileduaamnugndes Anuuiug nagmioniuves
l,m‘u551a'e')q‘ﬁ@’i’aqmiﬁmWGT'Nﬁmiﬁwmmﬁmqmﬁa@ia”lﬂﬁ

AUYNABA (Accuracy) = (TP + TN) / (TP + TN + FP + FN)

ANUUNUE (Precision) = TP / (TP + FP)

MisenAY (Recall) =TP /(TP + FN)
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Predictions
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Condition Fractured

Fractured

p| 19 2.24 UWUNIN Confusion Matrix (N1 1: https://malonglearn.blog)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 1)
AUC: 0.458 +/. 0.229 (micro average: 0.458) (positive class: Alignment)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 2)

AUC: 0.456 +/- 0.262 (micro : 0.456) (p class:
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 3)
AUC: 0.537 +/- 0.228 (micro average: 0.537) (positive class: Alignment)
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Sensitivity (True positive rate)

Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 4)
AUC: 0.614 +/- 0.152 (micro average: 0.614) (positive class: Alignment)
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Sensitivity (True positive rate)

Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 5)

AUC: 0.304 +/-0.210 (micro average: 0.304) (positive class: Alignment)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 6)
AUC: 0.402 +/- 0.211 (micro average: 0.402) (positive class: Alignment)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (imodel 7)
AUC: 0.480 +/- 0.244 (micro average: 0.480) (positive class: Alignment)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 8)
AUC: 0.555 +/- 0.184 (micro average: 0.555) (positive class: Alignment)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 1)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 2)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 3)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 4)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 5)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 6)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 7)
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Receives Operating Characteristic (ROC)
of Abnormal Vertebrae Classification (model 8)
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Hidden 1

Area Fraction_Global statistics: -0.047

Eginess Global statistics: -0.614

Bias: -1.465

Node 2 (Sigmoid)

Area Fraction_Global statistics: -0.036

Eginess_Global statistics: -0.601

Bias: -1.467

Node 3 (Sigmoid)

Area Fraction_Global statistics: -0.042

Eginess_Global statistics: -0.567

Bias: -1.483
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Class 'Misalignment' (Sigmoid)

Node 1: 0.221

Node 2: 0.229

Node 3: 0.219

Threshold: -0.652

Class 'Alignment' (Sigmoid)

Node 1:-0.239

Node 2:-0.213

Node 3:-0.187

Threshold: 0.646
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from tensorflow.keras.preprocessing.image import ImageDataGenerator

# All images will be rescaled by 1./255
train_datagen = ImageDataGenerator(rescale=1/255)
validation_datagen = ImageDataGenerator(rescale=1/255)

# Flow training images in batches of 120 using train_datagen generator
train_generator = train_datagen.flow_from_directory(
‘/tmp/train/', # This is the source directory for training images
classes = ['Alignment', 'Misalignment'],
target_size=(512, 512), # All images will be resized to 200x200
batch_size=120,
# Use binary labels
class_mode='binary"')

# Flow validation images in batches of 19 using valid_datagen generator
validation_generator = validation_datagen.flow_from_directory(
*/tmp/valid/', # This is the source directory for training images
classes = ['Alignment', 'Misalignment'],
target_size=(512, 512), # All images will be resized to 2080x200
batch_size=120,
# Use binary labels
class_mode='binary’,
shuffle=False)

import tensorflow as tf
import numpy as np
from itertools import cycle

from sklearn import Hatasets

from sklearn.metrics import roc_curve, auc

from sklearn.model_selection import train_test_split
from sklearn.preprocessing import label_binarize
from sklearn.multiclass import OneVsRestClassifier
from scipy import interp

from sklearn.metrics import roc_auc_score

model = tf.keras.models.Sequential([tf.keras.layers.Flatten(input_shape = (512,512,3)),
tf.keras.layers.Dense(128, activation=tf.nn.relu),
tf.keras.layers.Dense(1, activation=tf.nn.sigmoid)])

model.summary()

model.compile(optimizer = tf.optimizers.Adam(),
loss = 'binary_crossentropy',metrics=["'accuracy',fl_m,precision_m, recall_m])

#metrics=["'accuracy', fi_m,precision_m, recall_m)
from keras import backend as K

def recall_m(y_true, y_pred):
true_positives = K.sum(K.round(K.clip(y_true * y_pred, ©, 1)))
possible_positives = K.sum(K.round(K.clip(y_true, 9, 1)))
recall = true_positives / (possible_positives + K.epsilon())
return recall
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