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Datasets AutoSelection — Sharpness Measurement to select X-ray Images

) File Edit Selection View Go Run Terminal Help & £ KOA 8-
ER algorithm.txt % FYPAutoSelectpy X % FYPDataPreparation.py 1 @ FYPFeatureExtraction.py % FYPFusionandFFNN.py 5
vkoa B EHUS ®F oy @ -
besLVuG19_+_REsNE“. 1 import os
& BMS_gridpy 2 import cv2
& cmny 3 import shutil
R 4  import numpy as
@ codel.py - .
5 from glob import glob
® code2py 6 from tgqdm impert tgdm

@ ComboKOA_fixed.py
@ ComboKOAFFMMLAS...

% datapreparation.py

£
INPUT_DIR = r"C:\UTM Degree‘\y4s2\PSM1_Dr Nies\KOA\data‘ori data‘\FYP data‘oai"

X . QUTPUT_DIR = r"C:\UTM Degree\y4s2\PSM1_Dr Nies\KOA\data\ori data\FYP data\selected clear_ images"
% diagonalconfusionme...

M= @ W o

& divpy
- G MAX_TOTAL_IMAGES = 53@@
% feature_fusion_resnet... GRADE 4 LABEL = '4°

@ feature_fusion_vgg19...

oW

@ FeatureBExtraction.py os.makedirs(OUTPUT_DIR, exist_ck=True)
@ FeaturesFFNN.py

& final_bar_chart_diago...

# ==
def calculate blur score(image_path): Name

img = cv2.imread(image_path, cv2.IMREAD_GRAYSCALE) i )

if img is None: o |
return -1 i .

return cv2.laplacian(img, cv2.CV_64F).var() (

m2
9001695L

== Blurriness Detection ====

& final_heatmap_diagon...
& final_line_chart_diago...
@ fusionwork.py

® fyp.py

FYPAutoSelect.py

P @ WD 00~

900(

Lo

% FYPDataPreparati... 1 - - Lk
& FYPFeaturebxtraction... 2? def select_images_under_limit(): ~
. o 26 all_scores = {}
@ FYPFusionandFF.. 5 37 et/ PN
@ fypoaipy 28 # Step 1: Always include all Grade 4 images
handcrafted_features.... 29 print(f"\n ¢ Including all Grade {GRADE 4 LABEL} images...") - 9003316_2
@ handcraftedwork.py 3e graded_input_path = os.path.join(INPUT_DIR, GRADE_4_LABEL) L
= heatmap_diagonal va... 31 graded output_path = os.path.join(OUTPUT DIR, GRADE 4 LABEL)
& how.py f os.makedirs(graded_output_path, exist_ok=True)
33
@ KOA_St "
- R v T 34 graded_images = glob(os.path.join{graded_input_path, "*.jpg")) +
@ labeldir.py 35 for path in tqdm(graded_images, desc="Copying Grade 4"):
labels_with_set.csv 36 shutil.copy2(path, os.path.join(grade4 output_path, os.path.bd
i line_chart_diagonal_v... 37
@ network vgg19_prefe... 38 total remaining = MAX TOTAL IMAGES - len{graded images)
T 39 print(f" @ Copied {len(grade4_images)} images from Grade 4.") 5
resr;e'JCWim:I)c.el.hS i? print(f"@ Remaining images to select: {total_remaining}") — S857 ters. |
# valtestpy 42 # Step 2: Score an
43 for label in ['0°,
> OUTLINE 44 i ’ T_pa

> TIMELINE 45 EXp Non_ =
®@oAe

clear ORI
Images

@, In27 Col1

9003126L 91274841

s 0B 0 -

OAl

90110
-

1,770 items | 8items | 1,286 items | 295 items |

Spaces4 UTF-2 CRLF {} Python

Dataset
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@  32.12.2 (venv: venv)

al X

>~ 0

KOA > data

N
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Datasets AutoSelection - Result

v KOA

best_WVGG19_+_Reshe...

% BMS_grid.py
@ cm.py

@ codel.py

% code2.py

L I R

L A

@

ComboKOA_fixed.py

ComboKOAFFNNLAS...

datapreparation.py

diagonalconfusionme...

div.py

feature_fusion_resnet...

feature_fusion_vgg19...

FeatureExtraction.py
FeaturesFFNN.py

2 final_bar_chart_diago...
2 final_heatmap_diagon...

final_line_chart_diago...

fusionwork.py
fyp-py
FYPAutoSelect.py

FYPDataPreparati... 1

FYPFeatureExtraction....

FYPFusionandFF...

fypoai.py

handcrafted_features....

handcraftedwork.py

heatmap_diagonal_va...

how.py
KOA_Streamlit.py
labeldir.py
labels_with_set.csv

line_chart_diagonal_v...

network_vgg19_prefe...

requirements.txt
resnet101_model.h5

valtest.py

> QOUTLINE
> TIMELINE

ew Go Run Terminal Help & KOA
algorithm.bxt % FYPAutoSelectpy X % FYPDataPreparation.py 1 %@ FYPFeatureExtractionpy % FYPFusionandFFNN.py 5
H‘ L o ot
25 def select images under limit():
26 all scores = {;}
27 # Step 1: Always include all Grade 4 images
28 print(f"\n ¥ Including all Grade {GRADE_4 LABEL} images...")
29 graded_input_path = os.path.join(INPUT_DIR, GRADE_4 LABEL)
30 graded_output_path = os.path.join(OUTPUT_DIR, GRADE_4_LABEL)
31 os.makedirs(graded_output_path, exist_ok=True)
32 graded_images = glob(os.path.join{graded_input_path, "*.jpg”))} + glob(os.path.join(graded_input_path, "*.png”))
33 for path in tgdm(graded images, desc="Copying Grade 4"):
34 shutil.copy2(path, os.path.join(graded_output_path, os.path.basename(path)))
35
36 total_remaining = MAX_TOTAL_IMAGES - len{graded_images)
37 print(f" @ Copied {len(grade4 images)} images from Grade 4.")
38 rint(f" @ Remaining images to select: [total remaining!™)
Eis] # S+an 7 Sranra and ctara imacac Fan ~thern anadac
40 for label in ['@", '1°, '2°, '3'1:
41 class_input_path = os.path.join(INPUT_DIR, label)
42 image paths = glob(os.path.join{class_input_path, "*.jpg")}) + glob(os.path.join(class_input_path, "*.png"))
a3
A4 scores = []
45 for path in tgdm{image_paths, desc=f"Scoring {label}"):
46 score = calculate blur_ score(path)
a7 if score »= O: B selected_clear_ir
48 scores.append( (path, score))
49 all_scores[label] = scores (5
Su #F STep 53: Lalculate now many 1mages TO Select per Class b
51 total_available = sum(len(v) for v in all_scores.values() ® New ~
52 selection_ratios = {label: len(v) / total_available for 1 |
53 selection_counts = {label: int(total_remaining * selectic NAmE
54
55 # Step 4: Select top sharp images and copy mo
56 for label, scores in all_scores.items(): -
57 scores.sort(key=lambda x: x[1], reverse=True) \
58 selected = scores[:selection_counts[label]] |_Ip) =
59 class_output_path = os.path.join(OUTPUT DIR, label) o AL 9001400_1
60 os.makedirs(class_output_path, exist_ok=True) °
61 for src_path, _ in selected: | - 3
62 filename = os.path.basename(src_path) ‘ : ’
63 dst_path = os.path.join(class_output_path, filens ‘ ¥
64 shutil.copy2(src_path, dst_path)
65 print(f"@ Selected {len(selected)} sharpest images 9004669R 9008934R
67 if __name__ == "_ main__
68 select images under limit()
6 print("\n& All selected imag

90182912

885 items |

1,468 items |

5items |

1,643 items |
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oridata > FYPdata > selected «
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Data Preparation — Handcrafted and CNN Preprocess

—
:4 File Edit Selection

@ EXPLORER

~ KOA

best VGG19_+_ResNe...
BMS_grid.py

cm.py

codel.py

L

L2

code.py

ComboKOA_fixegillr
ComboKOAFFN
datapreparation.

L2

L2

L2

L2

diagonalconfusidiiihe...

div.py
feature_fusion_rd

L

feature_fusion_w

L

FeatureExtractio
FeaturesFFNN.p

final_bar_chart_d

g e

El

final_heatmap_d| n

final_line_chart_d

* B

fusionwork.py

fyppy
FYPAutoSelect.p

LB B

L

fypoai.py
handcrafted_fea

L J
B
L J

handcraftedworl

2]

heatmap_diago

L2

how.py
KOA_Streamlit.p
labeldir.py

L2

labels_with_set.c

H B &

line_chart_diagol

L2

network vgg19 | e...
requirements.txt]
resnet101_modd

valtest.py

» OUTLINE
» TIMELINE

oo
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View Go Run Terminal Help & O KoA

algorithm.txt % FYPAutoSelect.py % FYPDataPreparationpy 1 X % FYPFeatureExtraction.py % PYPFusionandFFNN.py 5
L] >

8 age import ImageDataGenerator, array_to_img, img_to_array

9

10 # Configuration

11 INPUT_DIR = r"C:\UTM Degree\y4s2\PSM1_Dr MNies\KOA\data‘\ori data\FYP data\selected_clear_images”
12) IMAGE_SIZE = (224, 224)

13 TRAIM _RATIO = @.8

148 VAL_RATIO = @.2

15 SEED = 42

16 # Output paths

17 handcrafted_output_base = r'C:\UTM Degree\y4s2\PSM1_Dr Mies\KOA\data‘ori data\FYP data\hand\augSplithAfter’
18 cnn_output_base = r'C:\UTM Degree\y4s2\PSM1_Dr Nies\KOA\data‘\ori data\FYP data‘\cnn\augSplitAfter’
19

28 # Preprocessing Functions

21 # CNN preprocessing: CLAHE + Avg Filter

22 def preprocess_cnn(img_path):

23 img = cv2.imread(img_path)

24 if img is None:

25 return None

26 h, w = img.shape[:2]

27 crop = img[int(h*@.1):int(h*@.9), int(w*8.1):int(w*8.9)]

28 gray = cv2.cvtColor({crop, cv2.COLOR_BGR2GRAY)

29 gray_resized = cv2.resize(gray, IMAGE SIZE)

38 clahe = cv2.createCLAHE(cliplLimit=2.@, tileGridSize=(8, &))

31 clahe_img = clahe.apply(gray resized)

32 avg_filtered = cv2.blur(clahe_img, (3, 3))

33 final_img = cv2.cvtColor(avg_filtered, cv2.COLOR_GRAY2BGR)

34 return final_img

35

36w naiulial Lo e ULCe i . UL T GabiL LICsUiU SegIen e Lion

37 def preprocess_handcrafted(img_path):

38 img = cv2.imread(img_path)

39 if img is MNone:

48 return None

41 h, w = img.shape[:2]

42 crop = img[int(h*8.1):int(h*@.9), int(w*8.1):int(w*8.9)]

43 gray = cv2.cvtColor(crop, cv2.COLOR_BGR2GRAY)

44 gray_resized = cv2.resize(gray, IMAGE SIZE)

45 _, segmented = cv2.threshold(gray_resized, 8, 255, cv2.THRESH_BINARY + cw2.THRESH_OTSU)

46 final_img = cv2.cvitColor(segmented, cv2.COLOR_GRAYZBGR)

47 return final_img

48

49 # === == Data Split Functions ==

50 def load_images by class():

51 image_info = []

52 for label in ['@", '1', *2', *3', '4']:

e

9053047L




Data Preparation — Splitting and Augmentation
) File Edit Sel

@ EXPLORER

n View Go Run Terminal Help < £ koa

LA eI LN (AT R e

algorithm.txt % FYPAutoSelect.py % FYPDataPreparation.p

~ KOA 1
- . °
best VGG1o I . Testing (20/)
% BMS_grid.py 58 J| def load images by class(): 17)| handcrafted_output_base = r*C:\UTH DegreeiydsiPsu
® cmpy 51 image_info = [] 180  con_cutput_base = r'CoUTH DegreehydsEPEH] Dr Hies
& coded 52 for label in ['@*, *1°, '2', 3", "4']: "
codel.py A v e A . -
53 paths = glob(os.path.join(INPUT_DIR, label, "=.jpg”)) + glob(os.path.join(INPUT_DIR, label, "*.png™))
® code2py 54 for p in paths: 940 (234) 294
% ComboKOA fixed.py 55 image_info.append((p, label))
% ComboKOAFFNNLAS... 56 return image_info
4 % datapreparation.py 57 567 (141) 177
% diagonalconfusionme... ig def spllt_da;:-a(lmage_lnfo): Tit( - (1 - TRAIN_RATIO)
- train_val, test = train_test_split(image_info, test_size=(1 -
® div, -7 = T N ? — — ’
. AT . 60 stratify=[1bl for _, 1bl in image_info], random_state=SEED) 1052 (263) 328
feature_fUSfon_resnet... 61 train, val = train_test_split(train_val, test_size=VAL_RATIO,
% feature fusion_vgg19... 62 stratify=[1bl for _, 1bl in train val], random state=SEED) 630 (159) 197
% FeatureExtraction.py 63 return train, val, test
% FeaturesFFNN.py 64
3 final_bar chart_diago... 65 # == ( )
- 66 datagen = ImageDataGenerator( 189 47 59
a1 final_heatmap_diagon... 67 . -39
X final_line_chart_diago. rotation_range=i0,
—inechartdiago... gg width shift range=8.2, 3378 (844) 1055
% fusionworipy 69 height shift range-9.2,
% fyp.py 70 shear_range=0.2,
% FYPAutoSelect.py 71 zoom_range=0.2,
% FYPDataPreparati... 1 72 horizontal_flip=True,
% FYPFeatureExtraction.... ;j :e;l:].ca‘]j._ﬂ].pﬂr-ue,
. _. +
% FYPFusionandFF.. 5 75 ) LHlmodes neares
% fypoaipy 76 /
B handcrafted features.... 77 def augment_and_save(img_array, label, img_index, output_dir, csv_records, augment_count=2, all_images_dir=None):
% handcraftedwork.py 78 img_array = img_array.reshape((1,) + img_array.shape)
secesee
'@ heatmap_diagonal_va... 79 for i, batch in enumerate(datagen.flow(img_array, batch_size=1)):
® how.py 8a aug_filename = f"aug_{label}_ {img_index}_{i}.jpg" a ; aug_1_0 aug_1_1
L 81 aug_path = os.path.join(output_dir, aug filename) Augmentation -_—
A - & 82 array_to_img(batch[@]).save(aug_path)
HEEATy 83 csv_records.append((aug_filename, label, "train")) Handcrafted
E labels_with_set.csv 84
& line_chart_diagonal_v... 85 if all images_dir: Preprocessed esscsese
# network_vgg19_prefe... 86 os.makedirs(all_images dir, exist_ok=True) I
requirements.bxt 87 array_to_img(batch[8]).save(os.path.join(all_images_dir, aug_filename)) mages
88 aug_1_2
resnet101_model.h5 L. —
89 if i + 1 >= augment_count:
® valtest.py 90 break
91
> OUTLINE 92 # = Image Saving =

> TIMELINE 93 def save image(img, filename, base output_dir, set_name, label):
@ In24 Col20 Spaces4 UTF8 C(RIF {} Pvthon 83 2122 Fvenv: ven)

Augmentation - . aug_1_3
CNN Preprocessed
Images

(9003658R|

aug_1_1



Data Preparation — Result |

B ALL Images

Go Run Terminal Help = & 4 ) & FYPdata > conn > augSplitAfter > ALL Images

@ FYPDataPreparationpy 1 X % FYPFeatureExtraction.py

w

gorithrm.txt

T & FRasad . =S ® New ~ ® New v N Sort v O View v
best VGG19_+ ResNe... 93 def save_image(img, filename, base_output_dir, set_name, label): E I
% BMS_grid.py 94 save_path = os.path.join(base_output_dir, set_name, label) l
) amEy 95 os.makedirs(save_path, exist ok=True) \
~ et 96 full path = os.path.join(save_path, filename)
) CRAZREDY 97 cv2.imwrite(full_path, img)
% code2py 98 return full_path -
% ComboKOA fixed.py 99 B def process_and_save(data_split, set_name, csv_records, base_output_dir, augm 7 aug_4_1122 aug_4_1123 aug_4_1124 aug_4_1125
@ ComboKOAFFNNLAS... 160 for i, (img_path, label) in enumerate(tgdm(data_split, desc=f"Processing ¢ Y/ =
. # datapreparation.py 181 base filename = f"{set_name} {label} {i}.jpg" | /
% diagonalconfusionme... l@% .lmg‘: pr“eprﬂ(essifn(lmgipath) labels_with_set ‘
& divoy 183 if img is MNone: )
v-pY 104 continue ) 1
% feature fusion_resnet.. g # Save to class subfolder
% feature_fusion_vgg19.. 186 save_image(img, base_filename, base_output_dir, set_name, label) aug 41130 aug_4 1131 aug_4 1132 aug 41133
% FeatureExtraction.py 167 csv_records.append((base_filename, label, set_name)) . .
% FeaturesFFNN.py 1688 # Save to ALL_Images CN N p p Spl t A g t t
reprocess + Split + Augmentation
e R T os.makedirs(all_images_dir, exist_ok=True) T - - ' =
= final_heatmap_diagon... o . LT : - . . %
111 cv2.imwrite(os.path.join(all_images_dir, base_filename), img) % ,
= final_line_chart_diago... 112 # Augmentation for train only -
% fusionwork.py 113 if augment and set_name == "train": aug_4.1138 aug_4_1139 aug_4_1140 41141
% fyp.py 114 img_array = img_to_array(img) 3 1
% FYPAutcSelact.py 115 augment_and_save p k
% FYPDataPreparati... 1 116 img_array=img_array, \ labels. with set
% FYPFeatureExiraction.... 17 llabe‘lzlabeL
% FYPFusionandFF... 5 18 lm&lndelej - . @ ALL Images
118 output_dir=os.path.join(base_output_dir, set_name, label),
2 i.py 6
- BT 120 csv_records=csv_records, i 8,546 items | = L « . FYPdata > hand > augSplitAfter > ALL Images
handcrafted_features.... 121 augment_count=2, -
% handcraftedwork.py 122 all_images_dir=all_images_dir
& heatmap_diagonal_va... 123 )
> 124 # Pipeline Runner = = i
% KOA Strezmiit.py lZi def ruu‘1_p : ir ‘(outpu‘t_basg_dl‘r; csv_ou'tput_F:Llename,. pr:lepr‘ocess_fnjz Name . ‘
= 126 print(f*\n&’ Running pipeline for: {output_base_dir}") J
® labeldir.py 127 image_info = load_images_by class() B ALL Images 471 . - 34 B
labels_with_set.csv 128 train, val, test = split_data(image_info) aug 3 ) Sk ek
"= line_chart_diagonal_v... 129 all_images_dir = os.path.join(output_base _dir, "ALL_Images") B test m q
® ne vag19 prefe.. 138 csv_records = []
\'Ec.\irer‘;e\_‘ljs.t):tp 131 process_and_save(train, “"train", csv_records, output_base dir, augment=True, . train
resnet101 modelhs lz% preprocess_fn=preprocess_fn, all_images_dir=all_images_dir) . val
& valieet. r’ 133 process_and_save(val, "val", csv_records, output_base_dir, augment=False, 2 labels with_se
v -PY 134 preprocess_fn=preprocess_fn, all_images_dir=all_images_dir) abels_with_set aug_3 480 aug_3 484
135 process_and_save(test, "test", csv_records, output_base_dir, augment=False, -
> OUTLINE 136 preprocess_fn=preprocess_fn, all images_dir=all_images_dir)
> TIMELINE 137
X @ohe
137
) 138 df = pd.DataFrame(csv_records, columns=["filename", "label", “set"])
139 csv_path = os.path.join(output_base_dir, csv_output_filename)
148 df.to_csv(csv_path, index=False)
141
142 print(f"@ CSV saved to: {csv_path}")
es.. 143 print(f" Total processed: {len(csv_records)} images™)
v 144
e, 185 & Main
146 W if __name__ == "__main__": _ a 97  49¢ aug_3_499
147 ipeline(handcrafted_output_base, "labels_with_set.csv”, preprocess_fn=preprocess_handcrafted) T
148 line(cnn_output_base, "labels_with_set.csv”, preprocess_fn=preprocess_cnn)
149 5items | 1 item selected |
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Feature Extraction — VGG19 and Resnet101
Vgg19 Model Summar ]’

%) File Edit Selection View Go Run Terminal Help =

Bl Model Surnnary

o 4 X Model: "functional 1"
| Layer (type) | Output Shape
. | input_layer (InputLayer) | chone, 224, 224, 3)
16 # Initialize session state
17 if 'full_data' not in st.session_state: o e j e
@ aug.py 18 session_state.full_data = [] [l oot € &=
- 19 st.title("Optimized KOA Feature Extraction Pipeline") | convad_1 (convap) | enone, 224, 224, 54)

20 handcrafted_images_path = r'C:%\UTM Degreely4s2\PSM1_Dr Mies\KOA\data\ori data‘\FYP data‘\hand\augSpli tert\ALL_Images' | re_tu 1 ¢ReLuy | thene, . B4)
handcrafted_labels_path = r'C:\UTM Degree\y4s2\PSML_Dr Nies\KOA\data\ori data\FYP data\hand\zugSplitAfterilabels_with_set.csv'
cnn_images_path = r'C:3\UTM Degree\y4s2\PSM1_Dr Nies\KO&\data‘ori data‘FYP data‘\cnn‘augSplitifter‘\ALL_Images

cnn_labels_path = r'C:\UTM Degree\y4s2\PSM1_Dr Nies\KOA\data‘ori data‘\FYP data\cnniaugSplitAfterilabels_with_set.csv'

| max_pooling2d (MsxPooling20) | ehone, 112, 112, &4)

(Conv2D) | thons, 12

# Output directory : lu_2 (RelU) | tNene, 112, 112, 128)
p ectory
save_dir = r'C:\UTM Degree\y4s2\PSM1_Dr Nies\KODA\data‘\ori data\ComboFix\features’ L3 (Convzp) | thone, 112, 112, 1283
. . ———————+—
™ os.makedirs({save_dir, exist_ok=True) | re_lu3 (ReLuy | tone, 112, 112, 128y
—————————+—
o Resnet101 Model Summary |
# Optimized image loading with caching — —
a - o | convza 4 (Conv2D) | hons, 6, 56, 256) 295,168
@lru_cache(maxsize=1008)
- def cached_imread(path): B odel Summery | re_tus (ReLuy | thone, 56, 56, 256)
2 31 if path.lower().endswith(('.jpg', '.jpeg')): Wodel: "Functional 1 (o= b EEE
a with open{path, 'rb') as f: -——n | tNone, 56, 56, 256)
& return cv2.imdecode(np.frombuffer(f.read(), np.uintd), cv2.IMREAD_COLOR) | Layer (type) | output Shape Param ¢ | | tNene, 56, 56, 258)
34 coturn cu2 dpeazdipaihl
o - Ba. | image (Inputlayer) | tHone, 224, 22 | e
- 3s (Conv2D) | thone,
36 t.cache_resource | convad (convamy | tHone, 112, 112, 64)
- 37 get_vezld_model(): | re_lu_7 ¢ReLU) | tNone, 58, 56, 2
- . . . Sling2d (MaxPaoling2D) 56, 56, 64
L 38 vgg_model = VGG19(weights="imagenet', include_top=True} | i) @i b o ) | max_pooling2d_2 (MaxPocling | thone,
L 3 return Model(inouts=vee model.inout. outputs=vee model.eget laver('fc2').outout) | batch_normalization | thome, 56, 56, 64) | conv2d 8 (CanvaDy

>

| re_tu_s (ReLy)

= 41 @st.cache_resource - -
- a ; | thone, 56, 56, 64) | conv2d 8 (Conv2p)
42 def get_resnetl@l_m :
L~ .y B | re_lu ReLuy
atlt ) | tMone, 56, 56, 64)
[~
None, 56, 58, 256)
° 45 def extract_cnn -ﬁatl es_batch{image_paths, model, preprocess_fn, batch_size=4): [ (P 55 B &5
L 46 # Load all | batch_normalization_1 | (Hone, 56, 58, 256)
&F 47 images = [] | (BatchWormelization) | | re_tu_11 (ReLuy
43 valid_indices = [] —
° - N . . . | convad 4 (Conva) | twone, 2 | max_pooling2d_3 (MaxPoaling2) | eNene, 14, 14, 512)
& 49 for i, path in enumerate(image_paths):
- 58 img = cached_imread(path) | conv2d 5 (Conv2D) | thone, 2 28) 147,584 | | conv2d 12 (Conv2D) | tNone, 14, 14, 2,350,808 |
v - iF ime 4 | .
. 51 if img 1s not ”0“?- ) ‘ ) ) ) = = e 56,048 | | re_w 12 (ReLwy | thone, 1, 14, a |
o img = cvZ.resize(img, (224, 224)) # Resize to expected input size ; {Came20) e * —E
images .append(img) 4 -~ _ | Hone, 2 1) 2,088 | | conv2d 13 {Conv2D) | thone, 14, 14, 2,350,808 |
a valid indices.append(i) | (BatchWormavlization) | | re 13 (Rely) | (Hene, 14, 14, 512) a |
55 # Preprocess in batches
-
; 56 features = [] | convad_7 (Conv2) | tNone, 14, 14, 256) | conv2d 14 (Conv2D) | thone, 14, 14, 2,350,808 |
- 57 for i in range(@, len(images), batch_size): | conv2d & (Comv2n) | tMone, 14, 14, 256) | re_tu_1s (ReL | thone, 14, 14, 8|
5B batch = 1mage5[1.1+batchfslze] -
- . . R . . . | thone, 14, 14, 18 | conv2d 15 | tNene, 14, 14, 512} 2,350,808 |
59 batch = np.array{[preprocess_fn{img) for img in batch]) ST T
(] batch_features = model.predict(batch, verbose=2) . [ GHone, 14, 14, 1028) | re_tu15 (ReL | thone, 14, 14,
= € i y AEE
= 61 features.extend(batch_features) ) | | max_poaling2d 4 ¢ | one, 7, 7, 512)
a 62 # Create full array with None for invalid images - -
- . V2 (Canv2D) e, 7, 7, 512) atten ( e, 2
3 full_features = [None] * len(image_paths) | LD (Fel) [ e 7, i S | Flatten (Flatten) | (Hone, 25888
64 for idx, feat in zip(valid_indices, features) :l | convad 11 (Comv2m) | (Hone, 7, | dense (Dense) | tNone, 162,764,544 |
65 full_features[idx] = feat
® 66 | conv2d_12 (Conv2D) | thone, | re_lu_ls (Relv) B 2T o]

| dense_1 (Dense) 8. ) 16,761,312 |

| re_lu_17 (ReLuy 8. a|

67 =t alization jone,
B - =) s =
| global_average_paoling2 | tNone, 2848)
Network Features 6277 6277/4 = 1662 | onmarmbatindy |
Extraction T e e e

Trainzble params
Non-traineble parans: 7,308 (30.50 KB)

| feature_output (Dense e, 28 8,398,656 |
e S |

Total params: 147,068,895 (S64.43 ME)
Trainable parzm 6 3
Non-trainable para




Feature Extraction — Handcrafted Features (GLCM and DWT)

“IM

¥ File Edit Selection View Go Run Terminal Help = £ koa
TEKNOLOGI MALAYSIA
® FYPDataPreparation.py 4 X GLCM Features:
GLCM_Feature_1: 19.273988842398996
o370 o= =1 o =2 0 o =2 DT B o= PR =) s 14 |
| PROPS = ['contrast®, 'dissimilarity’', 'homogeneity', 'energy', 'correlation’, "ASM'] LA R S SR R
L i GLCM_Feature_3: 21.878521617852094 )
def extract_glcm_feature ptimized(image): e
gray = cv2 Color(image, cv2.COLOR_RGBZGRAY) GLCM_Feature_4: 41.55182857443121 =7
7 glem = ycomatrix(gray, distances=[5], angles=[@], levels=256, symmetric=True, normed=True}
t model keras 79 GLCM_Feature_5: 3.049267782426821
best ResNeti01 + H.. 74 # Vectorized property calculation
C 77 features = np.array([graycoprops{glcm, prop)[®,8] for prop in G O0Ps1) GLCM_Feature_6: 4.297543810507641
i, - . s GLCM_Feature_T: 2.7095885634588828
# More efficient matrix calculations
L 2 - . ..o @
- 8 glem mat = glem[:, :, 9, @] GLCM_Feature_8: 4.138302900859678
o a1 i, j = np.indices{glom_mat.shape)}
L] 52 idm = np.sum(glem_mat / (1 + (i - j) ** 2)) GLCM_Feature_9: 0.3159367316669163
@ 83
a 54 glem_flat = glem_mat.ravel() GLCM_Feature_10: 0.24272175466585488
- = KOAFENNLAS 85 mask = glem_flat » @
® ComboKOAFFNNLAS.. :
N L il 59 glem_flat_nonzero = glem flat[mask] GLCM_Feature_11: 0.38662961080890706
@ datapreparation.py 2
SN ! GLCM_Feature_12: 0.2686383843489354
® diagonzlconfusionme... 8 entropy = -np.sum{glcm_flat_nonzero * np.log2(glcm_flat_nonzero))
= 59 mean = np.mean(glem_flat) GLCM_Feature_13: 0.02501035902182161
& i 9 war = riglem_flat)
: 9 std = np.std(glem_flat)
L] - e _I o ;5% ','_1 ‘;:1 . Jae3)y f (ergens ) ) B Model Summary: GLCM
- 7 = (np.mean((glcm_fla mean) )) £ (s 3+
- EE kurtosis = (np.mean({glcm_flat - mean)**4))} / (std* + le-6)
- a4
= a5 return np.concatenate([features, [entropy, mean, wvar, std, skew, kurtosis, idm]]}
I~ 96
= a7 def extract_dwt_features_optimized(image):
@ f 98 gray = cv Color(image, 2.COLOR_RGB2GRAY)
@7 ag ch, (cH, cV, D) = pywt.dwtZ(gray, 'haar')
- led
- 101 def get_stats{coeff): DWT Feature
e ] : /
a7 = 3
= 163 flat CDEFF'PE\,'El(" X DWT_Feature_1: 325.4742708333333
* 163 return [np.mean(flat), np.std(flat), np.sum(flat**2)] 7
® 104 1 1 LR DWT_Feature_2: 102.85944080979846
- 1as return np.concatenate([
7 - DWT_Feature_3: 1677795343.7500002
186 get_stats{cA), d
e 187 get_stats{cH), DWT_Feature_4: 0.20031250000000006
188 get_stats{cV),
= 109 oet_stats(cD) DWT_Feature_S5: 4.6218378724280695
® 118 1) F " CA v DWT_Feature_6: 308181.75000000006
L 111
- 12 def extract_lbp_features_optimized{image): ; DIWT_Featire. T: 160009444 s
13 gray = viColor(image, cv2.COLOR_RGBZGRAY) " DWT_Feature_8: 4.374824344880934
= 114 height, width = gray.shape o
: 115 grid_x, gridy = 3, 3 DWT_Feature_9: 276011.7500000001
v - . . . .
116 block_h = height // grid v - ) . f DWT_Feature_10:-0.004618055555555562
117 block_w = width // grid_x L .
e 118 radius = DWT_Feature_11:0.5693223859277287
- 119 n_points = 24 Y 7 DWT_Feature_12: 4667.750000000003
120 n_bins = n_points + 2
> OUTLINE 121 features = [] Diagona 311 (C B Model Summary:
122
> TIMELINE 173 £arn ar dn ranaclanid sl

Ln 64, Col51  Spaces:4  UTF-8 CRLF  {} Python & 3122 (wvenv:venv) £3WiseGPT I3




Feature Extraction — Handcrafted Features (LBP)

— m -
] File Edit Selection View Go Run Terminal Help &~ O KOA 8 I 1l TM

FFNM py [l = TEKNOLOGI MALAYSIA

1]

hand_labels_df
hand_data = []

(handcrafted_labels_path)

for _, row in hand_labels_df.iterrows():

img_path = path.join({handcrafted_images_path, row['filename’])

hand_data.
"handc
'label”: row[ "label
'set': row['set’]

)

First 10 LBP Histogram Bins:

LBP_Hist_0: 0.05255208333242097
LBP_Hist_1: 0.004652T77TT7697

# Load CNN data and merge LBP_Hist_2: 0.00407986111104028
cnn_labels_df = pd.read_csv(cnn_labels_path})
full_data = []

LBP_Hist_3: 0.009201388888729142

for hand_item in hand_data:
filename = os.path
cnn_row = cnn_labels_df[cnn_labels_df['filename' ]

me{hand_item[ ' handcraf

_path'l) LBP_Hist_4: 0.004878472222137526

Lf not cnn_row. empty LBP_Hist_5: 0.00012152777771566792
cnn_path = os.path.join{cnn_images_path, filename)
full_data.append({

Filename’: Filename, LBP_Hist_6: 0.00817708333319137
"handcrafted_path’: hand_item['handcrafted_path'],

‘cnn_path': cnn_path, .

‘label': hand_item['lsbel'], LBP_Hist_7: 0.017899305555244802
*set: hand_item['set']

LBP_Hist_8: 0.003923611111042993

- LBP_Hist_9: 0.00017361111110809704

o _feature_extracti
if not .session_state.ful
st.error{"Please load d

B Model Summary: LBP

return

P 2P DR PR YRR

data = st.session_state.full_data
total_samples = len{data)

= st.progress(@)
status_text = st.empty()

3

K

# Get all paths

cnn_paths = [item['cnn_path'] for item in data

handcrafted paths = [item['handcrafted_path'] for item in data]
labels = [item['label’] for item in data]

sets = [item['set'] for item in data]

# Load models

status_text
wgg_model

LB B BB B

status_text 9 features ...")
vgg_features =
status_text

resnet_features

(cnn paths vgg_model, preprocess_vgs)

i, e, Vgg19 Features Extract

Tur m_L_t _cnn_pathsJ resnet_model, preprocess_resnet)

XTrac .
2025-06-23 13.5d 1. 9293 I tensorflow/core/platform/cpu_feature guard.cc:21@] This TensorFlow binary is optimized to use available |
rformance-critical operations.

To enable the following instructions: AVX2 FMA, in other operations, rebuild TensorFlow with the appropriate compiler flags.

>
£
£
E
3
s
s

OUZ) Fa L sy 1662/1662 ————— 21965 1s/step
Extra 'tl“p' ResNet181 features. .. E:(tr‘ai_tlng ResNet101 features...
1662/1662 ———— 22825 1s/step




Feature Extraction — Result

N -r-rT
¥ File Edit Go Run Terminal Help & £ koA 8 e l0 B O B o - M
ionsy Bv @ -

# FYPDztaPreparstionpy ®: ~ m I0LOGI MALAYSIA

usionandFFMN.py 5

eature_extrac

L — =t
lter valid samples -
id_indices = [i for i in range(len{data}) i
if (vgg_features[i] is not None and

resnet_features[i] is not None and
handcrafted_features[i] is not None)]

wgg_features = [vgg_features[i] for i in wvalid_indices]
resnet_features = [resnet_features[i] for i
handcrafted_features = [handcrafted_features[i]
labels = [labels[i] for i in valid_indices]
sets = [sets[i] i in walid_indices]
filenames = [data[i]["filename’] for i in wvalid_indices]

in valid_indices]

r i in walid_indices]

val.py

# afselectpy

# Save results I features
{vgg_features).to_cs s.path.join(save_dir, "Vggl9.csv'), index=False)
esnet_features) .to_csv{ path.jo save_dir, 'Resnetlel.csv'), inde
{handcrafted_features).t v({os.path.join(save_dir, 'Handcrafted.csv')

Draw  Page Layout Formulas  Data Review View Help  Acrobat Q Tell me what you war” 0 do
# Save metadata
pd. D Frame(
“filename': filenames,
'label’: labels,

H vgg19 features -
Calibri

Paste B B T U- Insert  Draw  Paae lavout  Formulas  Data Review  View  Help  Acrobat 9 Tell me what vou w:
~ u

® ‘set': sets oln, % s handcrafted_fe:
® n.t /(os.path.join{save_dir, 'labels _set.csv'), index=False) Clipboard 1% Fo D - Calibri
* S Pasts 53~ Insert  Draw  ° .
% # Final report 7B Handcrafted D POSSIBLE DATA LOSS fe ~ B I U- o v resnet101 features - Excel
- st.success{f""" Calibri -1 -
: - Feature extraction completel iR |2 - Clipboard Dgy . Insert  Draw  Pagelayout Formulas Data  Review View Help Acobat \z
’ - Expected samples: {total_samples} @ POSSIBLE DATA LOSS Paste B T U~ P
® datapreparation.py - Processed samples: {len(valid_indices)} ) 0 Calibri -1 - AR General M gy Lot &
# dizgonalcont: led samples: {total_samples - len(valid_indices)} 7B Resnet101 ElipCosicilE font By - = =
= ) Resnet A B Al M Some featu| Paste B IU- L HA. = Merge & Center - $ - % + %% ;o Conditional Formatas Cell  Inst
o POSSIBLE DATA LOSS file format. © & o - - N ot Formatting - Table - Styles~ K
® i 7B vgg1e |_[filename _label Clipboard 1 Font & Alignment ® Number ® Styles
@ # Show label distribution > |0001695L. 0 Al = = = =
- st e("n#n Label Distribution™) + To001897L o o POSSIBLE DATA LOSS Some features might be lost if you save this workbook in the comma-delimited (.csv) format. To preserve these features, save it in
.. . P . - A B file format.
® label_counts = pd.Series{labels).value_counts{}.sort_index() 1 |9003126L. 0 1
=t.table(label_counts) g o 1 a . & o
= 5 |a003126R. 0 |2 0 0 Jx
= # Show set distribution 6 |9003175L. 0 3 0 0 R S T |
= e "#iF Set Distribution™) 7 |9003175R. 0 4 | 0.161088 ol 1 17 18 19
[ ts = pd.Series(sets).valus_counts( 1 2 | 26.21161 8626686 0.279217
¢ e ;:un‘:s] e St 5 looorre o= i 3 | 25.90752 8422084 0.113919 & B S B B H < i ‘ J K L L)
® (set_ 9 [9003175_: 016 0 0 - : 1 o] 1 2 3 4 5 6 7 8 9 10 11 1
® 10 |9003316L. 0|7 0 0| 4| 32,0821 12919021 0.471779 | _ ‘———*
y file sizes . 2 | 1.314896 0.097045 0.011923 0 0.460998 0.301606 0 0.039395 1.789953 0.24556 1.203077 0.38135
® ) e 11 |9003316_: o |8 0 o 5 |30.09458 11366535 0.071309
("#7 Saved Files Verifica — 3 | 0.899678 0.084177 0 0 0.678247 0.523182 1.393286 0.016944 4.067006 0.039187 0.219615 0.515019 0.0755¢
& s P s ~ 12 |9003430L. 0 9 0 ol 6 25.3624 8073765 0.022321
for fname i Res 7| 28.98800 10117320 0.032a0 | 4 | 0-283812 0.178900 ] 0 1.864218 0.43882 0.006067 0.570513 1.835175 0 0.337003 0
® -esv’, 'labels with set.csv']: 9003658L. 9 {10 0 0 3 35.62985 15926301 03'78029 5 | 1.335445 0.000669 0 0 1.300377 0.209771 0.065734 0 2.632722 0.004588 0.974396 0.296284 0.0171
® path = os.path. join(save dir, fname) labels_with 11| 1381332 “ : : 6 | 0.142893 0.282403 0 0 0.178208 0.825679 0.432007 0.429831 3.600708 0.578146 0.607061 1.535826 0.0864C
- if os.path.ex = 12 | 0.080085 0| 9 |11.57523 1681236 -0.47708 -
= : . L. 7 | 0533188 0.004937 0.006589 0 0.025280 0.226049 0.573332 0.123485 2.251964 0.074508 0.540732 0.169171 0.0505:
size = os.path.getsize(path) / (1824 * 1824} # in MB 13 0 o| 10| 37.13718 17306915 -0.1922
® U R, 8 | 1.067671 0.156229 0.006784 0 1.058861 0.201412 0.249617 0.069072 2.104892 0.991471 1.005539 0.216504  0.00¢
st.write(f"{fname}: {size:.2f} ME") 11| 11.0383 1528413 -0.02766
= else: vgg19_feq 12| 17 66847 3917977 0.014087 | o O-191466 0325765 0 0 1.300444 0.235994 0.015146 0.044463 3.080331 0.266719 1.345797 0.017943 0.0110¢
® howpy t_.error(f"Missing file: {fnamel"} Ready G 25'05097 7881553 '002332 10 | 0.641337 0.091403 0.056055 0 0.550935 0.422622 0.01562 0.503187 0.588748 0.243327 0.190626 0.382475 0.0014;
& KOA Streamlitpy . : 11 0.044745 0.186892 0 0 0.230064 0.30513 0.022938 0.101745 5.038644 0.467444 1.96564 0.042441
% labeldir, def main(): handcrafted featurg 0.126143 0.026692 0 0 1.137063 0.517027 0.306983 0.045805 2.051105 0.40443 1.156162 0.310586 0.0212:
m st.subheader("1. Data Loading") 0.400424 0.131199 0 0 0.415289 0.226404 0.662824 0.248789  4.4639 0.755357 0.481138 0.535373 0.054:
- if st.button("Load Data"): =
- data = load_data() resnet101_features () q

L J

st.session_state.full_data = data

Reacks

Dataset Summary”)
write(f"Total samples: {len{data)}")

# Show label distribution
label_counts = pd.Serie:

2 OUTLINE

item["label’] for item in data]).value_counts{}.sort_index()
2 TIMELINE :

Q ILn277.(ol40 Spaes4 UTFE CRIF {} Python @ 3122 (venviven) ©OWiseGPT (3



Step 6: Concatenate Features

Step 7: FFNN Classification
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Fusion and FFNN — FFNN Model Architecture :
- Enhanced FFNN Classifier with

¥ File Edit Selection View Go Run Terminal Help & £ KOA 8- Fusion Features

o

® Fr ® Fy

ks Upload Feature CSVs and Labels CSV

upi

m features

KOA > data > oridata > FYPdata > features

st.title("FFNN Training & Evaluation with Fusion Features™)

# File uploaders
VEE_csv = st.
resnet_csv =

e_uploader(”
file_uploader(”
handcrafted_csv = st.file_uploader("
labels_csv

pload Handcr
file_uploader(“Upload Labels C5V", t

v(file)

def build_ffnn(input_dim, num_classes):
model = Sequentialf
Dense( 2@ input_shape=(input_dim,}},
LeakyRelLU{alpha=
BatchMormalization(),
Dropout(8.5]),

Start Training & Evaluation

Load essing data.
Dense(1e24), "
LeakyRelU(alpha=g.1)

BatchMormalization(),

(3 FFNN Model Architecture

Dense(51),
LeakyRelU(alpha=2.1)
BatchNormalization(
Dropout(®.3]),

Features
. . VGG19
Dense(256, activation="selu'}, (4096-D)
BatchMormalization(),

g Fused Feature Feed into
D t{8.2)
e e s i
(4324) classifier

P PP PR R PR
) o -

Dense(128, activation="selu'}), Features
BatchNormalization(}, e Handerafted
Dense(num_classes, activation='softmax’) (228-D)
1
return model
'
if st.button{"start Training & Evaluation™): Features
if wgg_csv and resnet_csv and handcrafted_csv and labels_csv: s ResNet101
i Load data (2048-D)

wgg_features = L

resnet_features resnet_csv) Fused Feature Feed into
handcrafted_festures = los v(handcrafted_csv) Vegtor ——>» FFNN |
i so-e=v) (2276) classifier

@
+
+
®F
®F
+
@

labels_df = svilabels_csv)
Fealures
e Handcrafted
# Ensure order matches (228-D)
filenames = labels_df['filename'].values
vgg_features = vgg features.set_index('filename').loc[filenames].reset_index{drop=True)
resnet_features = resnet_features.s {"Filen ').loc[filenames].reset_index{drop=True)
handcrafted_features = handcrafted_features.set_index('filename’).loc[filenames].reset_index(drop=True)
Features
VGG19
(4096-D)
Features Fused Feature Feed into
ResNet101 Vector —> FFNN
(2048-D) y (6327) classifier
Features
Handcrafted

(228-D)




usion and FFNN — Feature Level Fusion CNN Features (Sample) Handcrafted Features (Sample)

ot 037 016 0.058 o -0081 ao11 NOMS 049
ew Run Terminal Help = KOA
- ) “ —-0.014 0.43 043 0.016
52 t.button("start Training & Evaluation™): - 034 0.29 0.066 019 | 041
» FYP 53 if wvgg_csv and resnet_csv and handcrafted_csv and labels_csv: 0.091 018 037 0028 014 017 0.054
54 # Load data . . . . .
- load csv 2 T R R B . . . . : .
X vgg_features = load_csv(vgg_csv) = £ < < < < hc2z hc.3 hc4 hc5 hc 6 hc 7 hc 8 hc 9
56 resnet_features = 1 (resnet_csv) G = S o g ©

7 handcrafted_features = load_csv{handcrafted_csv) Wo rk

58 labels_df = _csv{labels_csv)
4 F -
] # Ensure order matches
61 lenames = labels_df['filename'].values
62 vgg_features = vgg_features.set_index( filename’).loc[filenames].reset_index(drop=True}

3 resnet_features = resnet_features.

index('fil

d are’).loc[filenames
64 handcrafted_features = handcrafted_features.set_in

reset_index({drop=True})

11| 1.187674 0.107109 0.564682 0 1.479205 275.9958 11.33101 0.143903 0.021196 0.9637¢
12| 0.34281 0.341504 0.310375 0.118273 0.496144 0 102.6511 9.53655 0.130584 0.01841 0.938;

o

scaler.

features_resnet_handcrafted form(features_resnet_handcrafted)

features_all = scaler.fit_transform(features_all) fusion_resnet_handcrafted F . »

S e - Feature Index Map (Single Sample)

2x("Filename' ).loc[filenames].reset_index{drop=True}
65 on_fesnet_handerafted - Excel UMYONGWEI 1
66 # Prepare splits Home Draw Pagelayout Formulas Data Review View Help Acrobat @ Tell me
= labels_df['label’].values
“ ¥ _GF['1ab . S X Calibr noo- o | | [Conditional Formattina - | 5 | y =
5 68 sets = labels_df[ "set’].values B IL-l&X P Format o= Table - : - .
num_classes = len(np.unique{y)) Faste -l o-A- Alignment Nomber = - it Styles - Cells |Edrting :;"D'; solver
y_cat = to_categorical(y, num_ Clipboard Font Styles Adobe Acrobat | Solver
~0.01108D2.26.02%
N AL - fr o .
# Fusion
features_vgg_handcrafted = np nate([vgg_features.drop(['filename', 'label’', "set'],
% BMS_grid.py handcrafted_features.drop{['filename', 'label”, "set’], axis=1).val o ., B — — - - - = - -
- . . - s U amelr tempe . ] v W X v
® cmpy 75 eatures_resnet_handcrafted = = [resnet_features.drop([ les ave » 'label’, "set’], awis= 1 | 2042 2043 2044 2045 2046 2047 o T 2 3 066104000 38
% codelpy & handcrafted_features.drop(['filename’, set'], -+ 2 1811625 0.082259 0.289029 0 0.047044 0.318637 260.7558 11.48436 0.096038 0.015714 0.8250¢ e :
* features_all = ([vgeg_features.drop([ ename’, 'label”, 'set'], 3 0.277925 0.259208 0.042538 D 0.606826 0 246.2384 11.45764 0.096151 0.015739 0.8910]
resnet_features.drop([ filename', 'label’, 'set 4 | 0.128319 0.311555 0.217892 0 035126 0.015801 196.8694 101036 0.10878 0.018068 0.8372:
+ - i g 47654 787304 0.1134 441 0.834 PO NME D X
handcrafted festures.drop([ Filename’, *label’, 5 | 0.152098 0.362662 0.056398 0.020307 081139 0.347654 188.6809 9.787304 0.113425 0.018441 0.8345¢ O, NMETIMO~N®AGHNMT NG N QO
& 6 | 4.046192 0.289548 0.551708 0.094432 0.404587 0 2583289 12.0636 0.085701 0.014837 0.86394 o IR - o - o - - Wt - T o - - e T Bl o vy b o ot ey W |
| 17314535 0.z39903] 0087402 .021219| 0.565853| 533067  513.6106| 16.52459] Oo06as2a)  .am1ss] 06598 t3EEEEEEiiggeeedee e
+ # Standardize 8  1.941393 0.341455 0.196438 0.020108 0.255076 0.680884 4452283 150255 0.075546 0.013221 0.8037 222 Eyg g Yyyyggygyy i
% dizgonalcon scaler = & rdscaler() 9 | 0.030189 0.118305 0.171536 0 2.201979 0 1909737 8.699711 0.195584 0.030225 0.9492 -
® features_vgg_handcrafted = scaler.f sform{ features_vgg_handcrafted) 10| 0.203093 0.413801 0.457988 0.083584 0.119781 0.081823 5160552 16.09404 0.075564 0.013889 0.7112¢
o5
o5
+
+

FeaturesFFNN

3

final_bar_ch

"test')1[E]

i Prepare train/eval sets

¥_train = features_vgg_handcrafted[train_idx]
rain = y_cat[train_idx]

= features_vgg_handcrafted[eval_idx]

= y_cat[eval_idx]

_labels = y[eval_idx]

it Define optimizer and callbacks OWNCE

optimizer = .'-\dan(learnirfg_rate:IU.L“JLT'_}_ ) ) . G Optl mizer, Early Stopping, and
early_stop = EarlyStoppingi(monitor="val_loss’, patience= Jw:zﬁiii::e: ::::;i::; Learnlng Rate Reduct|0n

reduce_lr = ReducelROnPlateau(monitor="val loss', factor=g

restore_bes
, patienc

i FFNN Training & Evaluation for VGG19 + Handcrafted
subheader("FFNN Training (VGG19 + Handc ted)™)
model_wgg_hc = build_ffnn{¥_train.shape[1], num_classes)
model_wgg_hc.compile(

omtimirerptintzer, (¥ Update Model Weights to Minimize Loss

148 loss='categorical _crossentropy’,

FFNN Training 6647 64 6647/64 = 104

Fusion: VGG19 + ReaNSt101 + Hanacramsd

t101_model hs history_vgg_hc = model_vgg_hc.

¥_train, y_train,
woe., @ Fitting the Model
> :::::.EL e 1055 32 1055/32= 33

(
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Result of FFNN and learning curve for VGG19 with Handcrafted B [ - SiA

VGG19 + Handcrafted - Loss

i Plot training history

ax = plt.s {1, 2, figsize=(12,
.plot(history_vgg_hc.history['accur
.plot(history_vgg_hc.history['val_a
.set_title( Accuracy')
.legend()
.plot{history_vgg_hc.history['loss’], label="Train Loss')
.plot(history_vgg_hc.history['val_loss'], label="Val Loss')

label="Train &cc’)

racy’], label='val Acc”

st.pyplot{fig)

st.subheader("FFNN Evaluation (WGG19 + Handcraf
# FFNN EVALUATION

eval_loss, eval_acc = model_vgg hc.evaluate(¥_eval, y_eval, batch_size=32, verbose=1)
write(f Loss: {eval_loss:.4f
write{f Accuracy: {eval_acc:.4f}")

ation Report:
rt{y_eval_labels, y_pred))

trix:")
(figsize=(8, 5))

# FFNN Training & Evaluation for ResNetl81 + Handcrafted

st.subheader("FFNN Training (ResNetl®l + Handcrafted)”)
¥_train_rh = features_resnet_handcrafted[train_idx]
¥_ewval_rh = features_resnet_handcrafted[eval_idx]

model_resnet_hc = build_ffnn(X_train_rh.shape[1], num_classes)

history_resnet_hc = model_resnet_hc.fit(¥_train_rh, y_train, epochs=58, batch_size=s54,

i Plot training

N b E 2, figsize=(12, 4))
ax[@].plot{history_resnet_hc.history|
ax[@].plot{history_resnet_hc.history[ 'val_
ax[@].set_title( Accuracy')

ax[e].legend()
ax[1].plot{history_resnet_hc.history['loss”], label="Tr
ax[1].plot{history_resnet_hc.history['val_loss'], label=
ax[1].set_title{ 'Loss"')

ax[1].legend()

st.pyplot{fig)

ax = p

accu

subheader("FFNN Evaluation (ResMetl®l + Handcrafted)”)
# FFNN EVALUATION

eval_loss, eval_acc = model_resnet_hc.evaluate(X_eval_rh, y_eval, batch_size=32, verbose=1)

write{f Loss:

{eval_loss:.4f
st.write(f Accuracy: {eval_acc:.4f}"

# Predictions and metri

rgmax(model_resnet_hc.predict(¥_eval_rh, batch_size=32), axi
ication Report:™)

rt{y_eval_labels, y_pred_rh])

y_pred_rh = n

(figsize=(8, 5))

pyplot{fig2)

i FFNN Training & Evaluation for VGG1!

+ ResNetl®l + Handcrafted
E (VGG19 + ResNetl®l + Handcraft

subheader("FFNN Trai

trix(y_eval_labels, y_pred), annot=True, fmt="d", cmap="86lues", ax=ax2)

validation_split=@.1, verbd

Epoch

Epoch

Epoch
33/33
33/33

\UTM Degree\y3s2\PSM Dr Ni

warnings .warn(

Resket10] + Handcrahed - Loss
ey Epoch 19: ReducelROnPlateau reduci
Epoch 2 ReducelLROnPlateau reduc
Epoch 39:
< EEVEES
. EEVEE] Os 6ms/step

Al Festures - Loss

Epoch

Epoch

33/33

In all three training

matrix(y_eval_labels, y_pred_rh), annot=True, fmt="d", cmap="Blues"

33/33

callback is actively
reducing the learning
rate at regular intervals
(every 10 epochs or so)

Epoch -
34: ReducelROnPlateau redu g learning rate to
44: ReducelROnPlateau reducing learning rate to

54: ReducelROnPlateau redu g learning rate to

UTM Degree\y3s2\PSM_Dr Nies\KOA\.venv site-packages\keras\src\layers\core\dense.py:87: U

Epoch

~ Epoch 5

Epoch 6

<Ry, - -
fra oo gL O | I

ReducelROnPlateau reducing learning rate to

@s 10ms/step

the first layer in the model
jtv r oF| i

ReducelROnPlateau g learning
Reducel ROnPlateau g learning
ReducelROnPlateau g learning
ReducelROnPlateau cing learning

Reducel ROnPlateau c learning rate

Value/Setting Purpose/Effect

Controls max training duration,

50 or 100 (with ly st
or {withleanivieton] stops if no progress

Batch size 32 (eval) EfflCIen? training and stable
evaluation

Learning 0.0001 (adaptive Enables steady learning and

Rate reduction) fine-tuning

2 Ln52 Col45
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Step 8: Final Comparative Evaluation
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Result Analysis&Comparative — Confusion Matric on FFNN Classify

Example of Best Result

Performance Confusion Metric Calculation of FFNN Classifier

Predicted

0 1 2 3 4

394 0 0 0 0
(True Grade 0)
0 177 0 0 0
(True Grade 1)

0 0 328 0 0
(True Grade 2)

0 0 0 197 0

(True Grade 3)
0 0 0 0 59
(True Grade 4)

Table 12 Overall Confusion Matrix of FFNN classifier

My Result

VGG19 + Handcrafted

Resnet101 + Handcrafted

VGG19 + Resnet101 +
Handcrafted

True Labels
v

True Labels
L

rade 0

210

o

Grade 0

0

Grade 1

Confusion Matrix

70 20 4 0
200
35 7 0
150
40 40 8
- 100
5 25 7
- 50
1 5 8 45
. ) . . -0
rade 1 Grade 2 Grade 3 Grade 4
Predicted Labels
Confusion Matrix
60 20 4 0
200
30 7 0
150
30 10
- 100
a 10
- 50
0 3 5 51
. ' v 1 -0
rade 1 Grade 2 Grade 3 Grade 4
Predicted Labels
Confusion Matrix
65 20 4 0
- 200
30 10 2
- 150
35
- 100
4
- 50

Grade 4

Grade 3

Grade 2
Predicted Labels

SIA

>
£
£
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Result Analysis&Comparative — Confusion Matric on FFNN Classify
- Correct Prediction Comparison between 3 Models
4 200 210 205

. $7  UNIVERSITI TEKNOLOGI MALAYSIA

39

177 120 120 125
Grade2 [P 230 245 238
Grades  ETY. 155 165 160
59 35 51 52
1055 750 801 780

Table 8 Correct Prediction on 3 Models

Correct Predictions per Class (Diagonal Values) | Correct Predictions per Class (Bar Chart)

>
250 1 l BN Vggl9 + Handcrafted
I ResnetlOl + Handcrafted
| Vgglf + Resnetl0l + Handcrafted

Vggl9 + Handcrafted
200

150

Resnetl01 + Handcrafted

Model

100 ~

Correct Predictions

50
Vggl9 + Resnetl0l + Handcrafted

>
£
£
E
3
s
s

Class 1 Class 2 Class 3 Class 4 Class 5
Class

| 1
Class 1 Class 2 Class 3 Class 4 Class 5
Class



Result Analysis&Comparative — Comparison of FFNN Performance between 3 Models

y UNIVERSITI TEKNOLOGI MALAYSIA

0.822 0.680 0.941 0.680 0.810
0.848 0.680 0.939 0.680 0.810
VGG19 + 0.821 0.700 0.892 0.700 0.796
Handcrafted 0.889 0.790 0.963 0.790 0.877 ,
- - — — - Why ResNet101 fusion Handcrafted performed well ?
0.840 0.720 0.947 0.720 0.834 . . . } } } ]
First, it conduct with a Deep architecture with residual connections
0.865 0.740 0.945 0.740 0.843 : . ‘
(if compare with VGG19) which helps in learning both low-level and
Resnetl101 + 0.842 0.750 0.899 0.750 0.825
high-level features, preventing vanishing gradients.
Handcrafted 0.899 0.840 0.966 0.840 0.903 GN-ICVEL IEARTTES, RIEVENTNG. vanisaing gradl
0.980 0.860 0.997 0.860 0.928
Second, with a Powerful hybrid features which combination of deep
0.830 0.700 0.944 0.700 0.822
T < 0.855 0710 0.938 0710 0.824 semantic features from ResNet101 and handcrafted features (GLCM, LBP,
T £ 0.828 0.730 0.891 0.730 0.811 DWT) boosts discriminative power.
Handcrafted 0.892 0.810 0.963 0.810 0.887
0.978 0.880 0.997 0.880 0.939 Then only generate Strong metrics like highest accuracy ,sensitivity
Table 13 Performance Result on FENN and class-wise prediction performance, especially for difficult cases like

Training Training Validation Validation Testing Sensitivity Specificity CIaSS 5 (G rade 4)
HEEEEE
0.8249 0.4757 0.6732 0.8463 0.6771 0.5809 0.9208 0.5806
Handcrafted
0.8553 0.4104 0.709 0.7786 0.7122 0.621 0.9296 0.6199
Handcrafted

VGG19 + 0.8243 0.4831 0.688 0.7667 0.702 0.599 0.9271 0.5892
Resnet101 +

>
£
£
E
3
s
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Handcrafted

Table 14 Model Performance Summary



Result, Analysis & Discussion

- Discussion

Reference Images Methodology Class Classifier Accuracy :
Size Size (%) UNIVERSITI TEKNOLOGI MALAYSIA
Wahyuningrum et al. | 4737 Data augmentation, normalization, 5 class CNN 77.24%
(2020) images | CLAHE, Region of Interest (ROI)
Kokkotis et 9786 Hybrid FS (filter+wrapper+embedded) 2 class SVM 74.07%
al.,(2020) images
Tiwari, Poduval and 2068 ResNet50, VGG-16, InceptionV3, 5 class Transfer 54-93%
Bagaria (2021) images I\DllobiIeNetVZ, Efficit_entNetB?, _ Learning (Best:
enseNet201, Xception, NasNetMobile
DenseNet201
= 93%)
Yunus et al.,(2022) 9786 LBP handcraft + AlexNet + Darknet-53 — 5 class Hybrid: 90.6%
images | PCA feature reduction — fusion traditional ML
classifier (likely
F o
YOLOvV2 for
localization
Mohammed et al. 9786 VGG16 5 class DNN 66%
(2023) images | VGG19 .. . 64%
Their results validate that fusion = oSNeIoL Similar backbone, no fusion (63-69%) |__
with handcrafted features adds MobileNetV2 67%
value—our model reached InceptionResNetV2 63%
71.22% vs their 69% using DenseNet121 64%
ResNet101 alone. Nurmirinta et al. 1213 - 3 class Balance Random | 65.9%
(2024) images Forest *Relevant to your model
ML) architecture and method
*Illustrative of your model’s
The Proposed 5277 VGG19 + Handcrafted 5 class FFNN 67% strengths and weaknesses
Method images | Resnet101 + Handcrafted 71% *Diverse in methodology
VGG19 + Resnet101 + Handcrafted 70%

Table 15 Comparative Analysis of Studies for KOA Severity Classification

>
£
£
E
3
s
s




N -)JVE_//\—’:’_J} D Cldljdl SCS5C0LdlIg ¢

- ©®UIM

E— UNIVERSITI TEKNOLOGI MALAYSIA

In the Name of God for Mankind

Www.utm.my

f|Q]v]injlo

N
—

THANK YOU



