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N: Non-ecotic beats 72471 18118
S: Supraventricular ectopic beats 2223 556
V: Ventricular ectopic beats 5788 1448
F: Fusion Beats 641 162
Q: Unknown Beats 6431 1608

87554 21892
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42 from sklearn.utils import resample

43 df_1=train_df[train_df[187]==1]

44 df _2=train_df[train_df[187]==2]

45 df_3=train_df[train_df[187]==3]

45 df_4=train_df[train_df[187]==4]

47 df_e=(train_df[train_df[187]==0]).sample(n=3588@,random_state=42)

43

49 df_1 upsample=resample(df_1,replace=True,n_samples=35888,random_state=123)
58 df_2_upsample=resample(df_2,replace=True,n_samples=35808,random_state=124)
51 df_3 upsample=resample(df_3,replace=True,n_samples=35880,random_state=125)
52 df_4 upsample=resample(df_4,replace=True,n_samples=35880,random_state=126)
53

54 train_df=pd.concat([df_@,df_1 upsample,df 2 upsample,df_3 upsample,df_4 upsample])

cC
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115 target_train=train_df[187]

116 target test=test df[187]

117

118 y_train=to_categorical(target_train)

119 y_test=to categorical(target test)

128 X_train=train_df.iloc[:,:186].values

121 X test=test df.iloc[:,:186].values

122

123 X _train = X_train.reshape(len(X train), X train.shape[1],1)
124 X test = X _test.reshape(len(X test), X test.shape[1],1)
125
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I SERE > SFAIEE > CNNEAY M RHEEAE P FISREEE
(1408)
MIT-BIH \[32}
Arrhythmia Database [T
(186.1) (181.64) (91,64) {EQ,M}I [45,5-4}I (43.64) (22.64) (5)
I | I |
= CNNAEE R &k
ConviD \ \ -
ConviD ConviD
R[g]u MaxPool1D 0?31:; MaxPool1D (3) MaxPool1D Dense
Relw) (3) (Relu} @) (Relu) (2 || (Softmax)

FlEEEE:87554%

B E: 218928 Flatten Densel

f81E=% : Adam (Relu)

{85 #] : categorical crossentropy

Epoch:40

Bacthsiz:32



RS

126 im_shape=(X_train.shape[1],1)

127 inputs_cnn=Input({shape={im_shape), name='inputs cnn')

128 convl 1=Convolut10n1D|[E4 {E}, ECtl‘u’Etlﬂﬂ— relu', input shape=im_shape){inputs_cnn)
129 #convl_1=BatchNormalization()(c

138 pmll#ﬂaxF‘mllD(pml size= [3}, strldes (2}, padding="same"){convl_1)

131 convl 1=Convolut10n1D|[E4 [3}, ECtl‘u’Etlﬂﬂ— relu', input_shape=im_shape)({pocll)
132 #conv? I=BatchNormalizatic conv2 1)

133 pmlE#ﬂaxF‘mllD(pml size= {2}, strldes (2), padding="same")(conv2 1)

134 conv3 1=C0rw01u1:10n1[)|[54 [3}, Ectl\fatlﬂﬂ— relu’, input_shape=im_shape)(pooll)
135 #convi I=BatchNormaolizatic c

136 pﬂOl3=ﬂEKF’DD11[)(pOD1 size= {2}, strldes {2}, padding="same"){conv3 1)

137 flatten—Flatten(j (pool3)

138 #dense_endl = Dense(64, activation="relu’){flatten)

139 dense_ end = Dense(32, activation="relu')({flatten)

148 main_output = DEHSE{S, activation="softmax’, name='main cutput'){dense_end)
141 #model dense_end = Model (inputs= inputs_ci outputs=dense_end)

142 model = Model{inputs= inputs_cnn, 0u‘tput5=malr1 _output)

143 model.compile{optimizer="adam"', loss='categorical_crossentropy',metrics = ['accuracy'])

144 model. summary ()

1AL
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42 from sklearn.utils impert resample

;3 df_l=train_df[train_df[187]==1]

a4 df_2=train_df[train_df[187]==2]

a5 df_3=train_df[train_df[187]==3]

46 df_4=train_df[train_df[187]==4]

47 df_e=(train_df[train_df[187]==8]).sample(n=25282, random_state=42)

49 df_1 upsample=resample

5: df_2_upsample=resample
1 df_3_upsample=resample

52 df 4 upsample=resample

df_1,replace=True,n_samples=25888, random_state=123)
df_2,replace=True,n_samples=25888, random_state=124)
df_3,replace=True,n_samples=25888,random_state=125)
df_4,replace=True,n_samples=25884,random_state=126)

sy gy

54 train_df=pd.concat([df_@,df 1 upsample,df 2 upsample,df 3 upsample,df 4 upsample]ﬂ

B S e

NN B4R LT 3E

AN T R AT#Z LE(Early Stopping) 8975724 2K
Pl R B 4B E S rER - Hop

Patiencez% E 45 -

'Y

146 callbacks = [EarlyStopping(monitor='val Loss patience=5)
'.-" Mode]Checkpoint filepath= oest model.hd', monitor="val loss', save best only=True)]

48 history=nodeL. 1t (X train, y train,epochs=4d, hth51LE=32}callhacks-callhacks,walldatwn_d tae( X test,y test))
149|
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L0
122 def add gaussian_noise(signal) :I Confusion matrix, without normalization 16000
123 noise=np.random.normal(@,8.85,186)
124 return (signal+noise)
125 for i in range(len(X_train)): 17540 %8 8 o H L4000
128 ¥_train[i,:186]= add_gaussian_noise(X_train[i,:186])
12000
5 67 476 9 3 1
104
10000
05 A 2
By 46 1 1344 3 10
=
8000
I}U L T T T T T T T T
o 25 50 L] 100 125 150 175
]_G - °
F 2 2 Z L - 6000
05 A
4000
0.0 4 Q- 14 4 3 o 1587
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Batch Normalization

HRRIEFEI7.89%

Confusion matrix, without normalization 16000
17710 12 94 n 1
14000
132 im_shape=(X_train.shape[1],1)
133 inputs_cnn=Input(shape=(im_shape), name="inputs cnn')
134 convl_1=ConvolutionlD(64, (6), activation="relu’, input_shape=im_shape)(inputs_cnn) o T = . q 12000
135 convl_l=BatchNormalization()(convl_1) %1
136 pool1=MaxPool1D(paol_size=(3), strides=(2), padding="sane")(convl 1)|
137 conv2_1=ConvolutionlD(64, (3), activation='"relu’, input_shape=im_shape)(pooll)
138 conv2_1=BatchNormalization()(conv2_1) 10000
139 pool2=MaxPool1D(pool size=(2), strides=(2), padding="same")(conv2 1) o
148 conv3_1=ConvolutionlD(64, (3), activation='relu’, input_shape=im_shape)(pool2) % 2 3 22 -
141 conv3_1=BatchNormalization()(conv3_1) ?:.,. ¥
142 pool3=MaxPoollD(pool_size=(2), strides=(2), padding="same")(conv3_1) = —
143 flatten=Flatten() (pool3)
144
145 dense_end = Dense(32, activation='relu’)(flatten)
ﬂg main_output = Dense(S, activation='softmax', name='main output')(dense end) i 5 i i i i | w00
148 model = Model(inputs= inputs_cnn, outputs=main_output)
149 model. compile(optimizer="adam', loss='categorical crossentropy’,metrics = ['accuracy'])
158 model, summary()
181 4000
a 12 0 3 0
. . . a . - 2000
- b - < o
Predicted label
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Confusion matrix, without normalization oo

132 im_shape=(X_train.shape[1],1)

133 inputs_cnn=Input(shape=(im_shape), name="inputs cnn')

134 convl_1=ConvolutionlD(64, (8), activation="relu’, input_shape=im shape)(inputs_cnn)

135 convl_1=Batchiormalization()(convl 1)

136 poull-.'ﬂaxPuollD(pool size=(3), strides=(2), padding="same")(convl 1)

137 conv2_1=ConvelutionlD(64, (3), activation='relu’, input shape=im shape)(pooll)

138 conv2 1= BatchNormall‘atmn()(cunu?_l)
Q)
)
ot
(2)

1us 7 76 21

14000

12000
_37 poulQ-MaxPuolll)(pool size=(2), strides=(2), padding="sare")(conv2 1) 3

148 conv3_1=ConvelutionlD(64, (3), activation='relu’, input_shape=im shape)(pool2)
141 conv3_1=Batchiormalization()(comv3 1)

poul3-ﬂaxPuollD(pool size=(2), strides=(2), padding="same")(conv3 1)
143 flatten=Flatten() (pool3) 55 ; - 5
144 dense_endl = Dense(64, activation="relu")(flatten)

145 dense_end = Dens2(32, activation="relu’)(flatten) 1 2000
146 main_output = Dense(S, activation="softmax’', name='main output')(dense end)

147

148 mode] = Model(inputs= inputs_cnn, outputs=nain_sutput) . 5 0 12 0 i
149 model. compile(optimizer="adsn', loss='categorical crossentropy’metrics = ['accuracy'])

150 model. summary( )
151

152 callbacks = [EarlyStopping(menitor="val loss', patience=5), - 4000
153 ModelCheckpoint (filepath="best rodel.hs', monitor="val loss', save_best only=True)] q 15 0 6 0 1586
154 history=nodel. Fit(X train, y_train,epochs=49, batch size=3e} callhacks=callhacks, validation data=(X test,y test))

158

10000

True label
<

2000

T T T T T
] 9 3 % o
Predicted label
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AISREEEHE [ =R [ CNNiEAL "| EHUFFZURIE | XGboosti#Al —  FIISEES
(1408) /1 Xthoost, L ik
._,r_-.'. II;,-' |
.-"Jr .I‘-. _-":
MIT-BIH /o] N8y
Arrhythmia Database / 1
(186,1) (18164) (91,64) @964 (4564 w3eh)  (oes)/ [
SR i e L | : ."I
— — CNNEL B 5 iy
ConviD \ \ -
Convl1D f
FQIEIII MaxPool1D CGFET b MaxPool1D  (3) MaxPool1D / Dense
(Relw) (3) (Relu) (2) (Relu 2) Ll (5oftmax)
Al EE87554%
HISEe=:018075 Flatten Densel
f81{Ez2 : Adam (Relu)
i85 E# : categorical crossentropy
Epoch:40

Bacthsiz:32



&) XGboost(Extreme Gradient Boosting)

O

« XGboostZboostingEMEENEP—&E - SRTEREI (550 e ENE—IE - FEHN—ERE
RS - MATRRIMRER R ZCARTRIFR &R -

EREE CART o B fai 152 &
. Boosting ik : RHER A RER% - Bl CART[El kRt SRt & X ia - 88 A Erig RHE
gNAdaboost * GBDT(Gradient Boosting ETHR - LSRRGS ESERH)ESEEE
Decision Tree) * XGboost TAH - WZERENDRSWERE D R/ETFHE -

RRsHIRAS D HA & -
« Baggingiitik : 7 B Z BB IKEER & -

BB AR M ( Random Forest ) 2D = ¢ x> g



~ XGboost&;ZE 48

o ZEARBEMEAENHNINE - AEETREDZRER—RE - BXRAN—EE - HE
—EFTREL - B E L RIBRIRIEZE

wm}
~N1$
lig

24
RA—FXAHEBEFEHBNETEREE

+2 +0.1 4 +0.9

i n@ )=2+09=29 f & )=-1-09=-19



CNN+XGboost

247 import xgboost
249 import pandas as pd
258 from sklearn import metrics

126 X_train = X_train.reshape(len(X_train), X_train.shape[1],1) 251 from sklearn.lin@r_model impulnrt LogisticRegression
127 X_test = ¥_test.reshape(len(X_test), X test.shape[1],1) 252 from sklearn.svm import SVC,LinearsVC
128 S
129 im_shape=(X_train.shape[1],1) 254 X_train_xg = model dense_end.predict(X_train)
138 inputs_cnn=Input(shape=(im_shape}, name='inputs cnn") 255 X_test xg = model_dense_end.predict(X_test)
131 convl_l1=ConvelutionlD{64, (&), activation='relu', input_shape=im_shape){inputs_cnn) e , . ,
132 convl_1=Batchlormalization()(convl 1) ig; z - nE.;‘;E;E:z;:‘gig[np.ar‘r‘ay{)(_tr‘aln_xg).r‘eshape{l&&&&ﬂj?),np.ar‘r‘ay{tar‘get_‘traln}.reshape(l&ﬂaﬂa,lj]Jaxls—lj
133 pooll=MaxPoollD(pool_size=(3), strides=(2), padding="same")(convl_1) 259 7 ;opc;v{'+’ain xg.csv',index=False)
. C L5V, =
134 conv2_l1=ConvolutionlD({64, (3), activation='relu', input_shape=im_shape)(pocll) 260 - &
— conv2_1=BatchNGr‘mallza‘lt10n|:)(convEle i . . 261 z = np.concatenate([np.array(X_test_xg).reshape(21892,32),np.array(target_test).reshape(21892,1)],axis=1)
136 pool2=MaxPoollD(poel size=(2), strides=(2), padding="same")(conv2 1) 262 z = pd.DataFrame(z)
137 conv3d_1=ConvelutionlD{64, (3), activation='relu', input shape=im_shape){pocl2) 263 z.to_csv('test xg.csv',index=False)
138 conv3_l1=BatchNormalization()(conv3_1) 264
139 pool3=MaxPoollD(poel size=(2), strides=(2), padding="same")(conv3_1) 265 train = pd.read_csv('train_xg.csv')
146 flatten=Flatten()(pool3) 266 train_y = train[ '32' J.astype('int")

267 train_x = train.drop(['32'],axis=1)
268 dataset = xgboost.DMatrix(train_x, label=train_y)

¥

142 dense:EHd = Dense(32, activation="relu')({flatten)

e T8 3 = et = - (dense_end) 269 watchlist = [(dataset, '"train')]
144 model dense_end = Model{inputs= inputs cnn, outputs=dense end) 27@ params = { ‘max_depth':6, 'eta':8.15, 'silent':1, 'num_class':5, 'cbjective’: 'multi:softmax" }
= : e = S E e 271 model_xg = xgboost.train(params, dataset, num_boost_round=258, evals=watchlist)

146 mdel.compile(optimizer='adaE'J loss="categorical crossentropy’,metrics = ['accuracy']) 272 . .
147 model. summary () 273 test = pd.read_csv( ' test_xg.csv')

148 274 test_y = test['32"].astype( 'int")
275 test_x = test.drop(['32'],axis=1)
276

277 test_x = xgboost.DMatrix(test_x)
278 result = model_xg.predict(test_x)
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Confusion matrix, without normalization

Confusion matrix, without normalization
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Thank for your listening
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