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pn = data.PatientName pattent Nane: Jehoaro
WC = data.WindOWCenter g::gTwﬁﬁf;ﬂ:[a[?znita -0048 -2048 ... -2048 -2045 -2048]
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ww = data.WindowWidth
Img = data.pixel _array
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max = wc + ww / 2

min = wc - ww / 2

plt.imshow(img, cmap="gray", vmax=max, vmin=min)
plt.axis("off")

plt.show()
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Chest X-Ray Images (Pneumonia)
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for layer in vgg model.layers|:15]:

layer.trainable = False

« VGGl6D1bE £ T iﬁ”ﬂjbﬂh\i’) 2953—F

s I RTOEZHBFETHIHEEIE. 202722 X 77 FFNidLun
T 7 #J)L kTl ilayer.tralnable—Trueé:ﬂofh\%f:
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train datagen = ImageDataGenerator(
rescale 1.8 / 255,

shear range = 0.2,
Z0oOm range = 0.2,
horizontal flip = True)
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train datagen = ImageDataGenerator(
rescale = 1.8 / 255,

Zoom _range = 0.1,

rotation range=10,

width shift range=e.1,
height shift range=06.1,
brightness range=[©.9, 1.1],
fill mode="constant”,
horizontal flip = True)
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input: chest xray/test/NORMAL/IM-0001-0001. jpeg input: chest xray/test/PNEUMONIA/personl virus 6.jpeg

- 3s 3s/step
("NORMAL ', ©.9961743) ("PNEUMONIA®, ©.9993574)
( "PNEUMONIA", ©.003825719) ( "NORMAL *, ©.0006425458)
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PNEUMONIA: 0% PNEUMONIA: 99%
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T LVOFHEERE (1)

Accuracy (IEfRR_ ¥EE?)
é?—&@v%\rb<%%ént?—&@%é
Precision (B&X

Eﬁlit%ﬁUéﬂf—T ZDHIHL, BRICFETHDHLDDEE
Recall (Sensitivity, BIREX, E. BEEMHEX)
FEAGETHDIT—E2DH>Hb, BiEEFRHTZ/-HD0DEE
Specificity (FEE)
EBARETHEIT—XDH>b, BELEFHTELZLDDEE
F1 Score (Ff&)

Precision, Recall® FgF1¥15
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XN OFHEEE (2)

Receiver Operating Characteristic Curve (ROCHi#E)
eI B 5 EER (Recall)  #EERICHBIFESR (1 - Specificity) @75 7
Area Under Curve (AUC)
ROCEIfROEME. 1ICIE DK IFER L
Precision Recall Curve (PREh#R)
#eEm (Z Precision, 1&#H(CRecalld 7 7 7
Average Precision Score (AP)
PREFFFOETE. LIS DCIZERL
Confusion Matrix GERI{T3)
EPUN
D




IEAR 3R

TP, TN, FP, FN I

TR A% FN TN

TP True Positive EgH FHEEBAETCHD T —XDEE
TN True Negative E[RE4E FHEEEIMABTHD T —XDEET
FP False Positive 1#&EME FRAE, ERIMBTHDZT —XDFET
FN False Negative &2t FHIMEB, EEIAETHDT —XDEET
R THDIDNEHDDIHZE L @
i Tld i
\ TP FP
mid:l
i TldZ vy FN TN
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BHEEIROFE RIS

A B TP+ TN
CUTASY = TP ¥ TN + FP + FN
P "—TP Recall = i S ficity = N
recision = TP + FP ecall = TP+ FN pecificity = TN+ FP
2 X Precision X Recall
F1 Score =

Precision + Recall

b



§'|'k§':f9|.| (1) XKETILOENIE (BEOHEER, HxDOrEX)
H

[FI38) LU I T 5% 2 7 XD Precision, Recall, Specificity & 3k & &
7=7=L. FRDLZTWEIFOLET S

B TER B TR %)

T —x1 1

T— X2 O.1 0 0.9 1
T—X3 0.7 0 0.3 1
T — X4 0.6 0 0.4 1
T — X5 1.0 1 0.0 0
T — X6 0.9 1 0.1 0
T— X1 0.1 0 0.9 1
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86 (2)
1. FHHERZ L T VMELEICKY ZET S
T ) B G T e

T—x1 0.86—1 0.2—0 O
T— X2 0.1-0 0 0.9—1 1
T—X3 0.7—1 0 0.3—0 1
T — X4 0.6—1 0 0.4—0 1
T — X5 1.0—1 1 0.0—0 0
T — X6 0.9—1 1 0.1—0 0
T— X1 0.1-0 0 0.9—1 1
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ATEA (3)
2. %2 2 ZADTP, TN, FP, FNZ &8¢

L (15_.%) IEﬁq: <1m> %33 <ﬂnu\> IEﬁ GEd

T—%1 0
T — X2 0 TN 0 1 TP 1
T — X3 1 FP 0 0 FN 1
T — X4 1 FP 0 0 FN 1
T — X5 1 TP 1 0 TN 0
T — X6 1 TP 1 0 TN 0
T— X 0 TN 0 1 TP 1

TP=3, TN=2, FP=2, FN=0  TP=2, TN=3, FP=0, FN=2
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3. %7 7 XDPrecision, Recall, Specificity &

[ 2= oD F 38 )
3
P S =—=0.6
recision 3 n 2
[ B % D F 38 )
P ST = 2 = 1.0
recision = 2 n 0 = 1.
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3
Recall = ——— = 1.0
At =370

Recall = —>— = 0.5
eca —2+2—

ATREY D

Specificity =

Specificity =

2 = 0.5
242
3 = 1.0
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Accuracy®ig & Ly}
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TP=0,TN=8, FP=0, FN=24 Y Accuracy = ———— = — = 0.8 = 80%
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ROC Curve & PR Curve
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ROC Curve & PR Curve® B A
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Confusion Matrix (1)

Confusion Matrix|iZ Z{EDfB & % 7 7 A9 THEIRNEL 5
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1 A2 (347 TN FP
IERRIZE FN TP

TR | FRIIEE

100

50

0 1
Predicted label

P rExZ MBI DT — BB OEK & FEELL 52



Confusion Matrix (2)
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Confusion Matrix® R A

c WAL TE & ERASK LI (=TPO%)
c WEBKDOEEARAET NIEBWETILEWNZ S

O mex

350

300

NORMAL

250

200

True lahel

150

PNEUMONIA 100

50

T
MORMAL PNEUMONIA
Predicted label

BEMEEOI-O0O T —XEIAEBOEARE Ei%EL]

b4



%9 7 ANRBICHBITBR3ETNLEDOEM (1)

« EUIIEIE I EARICR I TR L TEHET 5

c % T ANEETIOEEHNATTEMIEDOL S ICETFEINITL L DH
. 2

Macro3¥1g

« BV 7 ATHHIBEZFTE L TH b, %@Wﬁ%t%

c BV TRIZEBITEETIVDMEREZFEICFHITE %

Micro¥13

« BTV ZADTP, TN, FP, FNZETBE L7=H L8 L. FHMIEZETE T 5
e T—Rty FEREICHTEZETILOMERTIETE 5

4H¢

g



%45 ZHEICHIT BETFLLEOEE (2)

o | X

BIROT—Xty MIR T ZADT—REIRY PF W

« EESBE TCIIERMICHENEEL Y DD a )P n

B) BREDOT — X BERAEDT —XE=1:9

. F—

RN HDT—REy DO 2R IHT—RE WD

e MicroSE3# B2 & RGBT — X DIRY #ERBT A I ENTER L

¥

 BEICEBAR ITNIE. ERBE®RAIOFE clZMacroFg = H W 35

b




:Hﬂﬁfl:El *E a) IE::..\:H\

« XX VHMIZEL > CTFHETEEDOGTEAENPINICEL DI EHH D
#) ¥piEtEH I B 1T B Average Precision D EHE

e MicroX 3L ERITII Z BB WT-3TE A ED—REITH 5
Scikit LearnTIXERITH ZBHW/-3tEZ2iT>oTW 5

b



Scikit LearnZ AW f-iiigIE D ELE

e sklearn®metrics®Y 2 — LA {F 2 ITETHE |

e Specificity [£3E

P zerz

S Y ANAAYNAY & SN EI & NOE
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1mport tensorflow as tf

import numpy as np
import matplotlib.pyplot as plt

from sklearn import metrics
from keras.preprocessing.image import ImageDataGenerator

from keras.utils import to categorical

test data dir = "chest xray/test”
model name = "pneumonia 3.h5"
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T#fE (2)

img height

classes
nb classes

P merE

, 1mg width = 150, 150

[ 'NORMAL ", "PNEUMONTA " ]
= len(classes)
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AT —2ty b DXEdE

test datagen = ImageDataGenerator(rescale = 1.8 / 255)

test generator = test datagen.flow from directory|(
test data dir,
target size = (img height, img width),
classes = classes,
batch size = 1,
class mode = 'categorical’,
shuffle=False))

y true = to categorical(test generator.labels, nb classes)
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el

model = tf.keras.models.load model(model name)

vy _pred = model.predict(test generator, verbose=1)
print(y pred)
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TRl RO UNIE

THRESH = 6.5
for 1 1n range(nb classes):

P merE

p =y pred[:, 1]

p prob = p[:]
gt =y true[:, 1]

p[p >= THRESH] = 1
p[p < THRESH] = ©

BB 00T — XAl IBOEAR & EEELL
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et S

ct = metrics.confusion matrix(gt, p)

tn, fp, tn, tp = cf.ravel()

acc = (tp + tn) / (tp + tn + fp + fn)

precision = tp / (tp + fp)

recall = tp / (tp + fn)

specificity = tn / (tn + fp)

f1 = (2 * precision * recall) / (precision + recall)
sum 1 += f1
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AUCEAP

auc = metrics.roc auc score(gt, p prob)
ap = metrics.average precision score(gt, p prob)

print(f"AUC: {auc:.3t}, AP: {ap:.3f}")
Sum auc += auc
sum ap += ap
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fpr, tpr, thresholds = metrics.roc curve(gt, p prob)
lt.plot(fpr, tpr, marker="0o")

.plot([@, 1], [@, 1], linestyle="--", color="gray")
.title("ROC Curve™)

.xlabel("FPR (1 - Specificity)”

.ylabel ("TPR (Recall)"™)

erid()

.show()

1t.clf()

|._."||._."||._."||._."||._."||._."||._."||-_."I
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recalls, precisions, thresholds = metrics.precision recall curve(gt, p prob)
recalls = np.insert(recalls, 6, ©0.0)

recalls = np.append(recalls, 1.0)

precisions = np.insert(precisions, ©, 1.0)

precisions = np.append(precisions, ©.0)

plt.plot(recalls, precisions, marker="0")

plt.plot([®, 1], [precisions[®], precisions|[-1]], linestyle="--", color="gray")
plt.title("PR Curve™)

plt.xlabel("Recall™)

plt.ylabel ("Precision™)

plt.grid()

plt.show()

plt.clf()
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%7 7 A% 9 B Confusion Matrix

ct disp = metrics.ConfusionMatrixDisplay(confusion matrix=ct)
ct disp.plot()

plt.show()
plt.clf()
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Confusion Matrix (%327 7 X)

np.argmax(y pred, axis=1)
np.argmax(y true, axis=1)

all = metrics.confusion matrix(yt, yp)
_disp = metrics.ConfusionMatrixDisplay(confusion matrix=cf all, display labels=classes)
ct disp.plot()
nlt.show()
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[ NORMAL ]

Accuracy 0.928, Precision 0.957, Recall 0.846, Specificity ©.977, F1 ©.898
AUC: 8.912, AP: 0.367

EEX1 DT

[ PNEUMONIA ]
Accuracy ©.928, Precision ©.914, Recall 0.977, Specificity ©.846, F1 0.944

AUC: ©.912, AP: ©0.907

©

Accuracy  0.928 0.928
Precision 0.957 0.914
Recall 0.846 0.977
Specificity  0.977 0.846
F1 Score  0.898 0.944 0.921
Area Under Curve  0.912 0.912 0.912
Average Precision  0.867 0.907 0.887
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True label

NORMAL

PNEUMONIA

|
NORMAL PNEUMONIA
Predicted label

BEMEEOI-O0O T —XEIAEBOEARE Ei%EL]

- 350

- 300

250

200

150

100

50

71



[ NORMAL ]
Accuracy ©.934, Precision ©.937, Recall 0.885, Specificity ©.964, F1 ©.910
AUC: ©8.924, AP: 8.872

2 EX2 D 514

[ PNEUMONIA |
Accuracy ©.934, Precision ©.933, Recall 0.964, Specificity ©.885, F1 0.948
AUC: ©.924, AP: 6.922

©

Accuracy
Precision

Recall

Specificity

F1 Score

Area Under Curve
Average Precision

0.934
0.937
0.885
0.964
0.910
0.924
0.872

0.934
0.933
0.964
0.885
0.948
0.924
0.922

0.929
0.924
0.897
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True lahel
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Predicted label
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[ NORMAL |
Accuracy ©.934, Precision ©.941, Recall 0.880, Specificity 0.967, F1 0.909
% =l AUC: ©.924, AP: ©.873
" =]

[PNEUMONIA]

Accuracy ©0.934, Precision 0.931, Recall 0.967, Specificity ©.880, F1 ©.948
AUC: ©.924, AP: 0.921

©

Accuracy 0.934 0.934
Precision 0.941 0.931
Recall  0.880 0.967
Specificity  0.967 0.880
F1 Score  0.909 0.948 0.929
Area Under Curve  0.924 0.924 0.924
Average Precision  0.873 0.921 0.897
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True label

NORMAL

PNEUMONIA

NORMAL PNEUMOMIA
Predicted label

BEMEEOI-O0O T —XEIAEBOEARE Ei%EL]

350

300

250

200

150

100

50

79



A LEE (1)

| FRl R ER3

Mean F1 Score 0.921 0.929 0.929
Mean AUC 0.912 0.924 0.924
Mean AP 0.887 0.897 0.897
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A D LEE (2)

NORMAL

True label

PNEUMONIA

T
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Predicted label
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github.com/wt501/sample_programs/blob/main/
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