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Artificial intelligence system for depression assessment based on sleep ECG data
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Abstract: Sleep disorder is one of the evaluation factors of depression, and the characteristic values can be extracted from
ECG data for depression assessment and clinical diagnosis. An artificial intelligence system using sleep ECG data to carry out
depression assessment is designed and developed, with the functions of ECG data analysis, ECG filtering and ECG R wave
localization. The ECG RR interval graph is generated through the conversion from data to graph. After image enhancement
with TensorFlow, a convolution neural network is constructed, and finally an artificial intelligence model for depression
assessment based on sleep ECG data is obtained.
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Figure 1 General structure of the system
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Figure 3 ECG reading data (blue) and electrode shedding
data (yellow)
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Figure 4 ECG baseline filtered and high—frequency filtered data
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b, a = signal.butter(8, hz, 'lowpass")

#ECG N Z T IE I (55

ecg_outline = signal.filtfilt(b, a, ECG)

ecg_norm = ECG-ecg_outline

#:K ECG X (1°F- 2 {H avg

avg = sum(ECG)/len(ECQ)

H#ECG BN I L - ave 132K P 2EZE 19 ECG
el

for i in range(len(ECQG)):

#IC IR A 8 s IR I A 1 I EON ECG % il
PEAT AR

ECG[i] = ECG[i]-avg b, a = signal.butter(8,hz,
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P AT e B LG esv U, 15 210 R 2L dataset,
T H Bl g p e SR B . BT
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datapoint i F rollingmean i} , ¥ datapoint 7£ dataset 1
7 B IE 5%, IR T AR TR A L BT 5 U8 N 22 peaklist
Ho ARICAY R IEULIE S A% O AR

#H I S KR B a1 F A

mov_avg = dataset ['hart']. rolling(int(hrw*fs)).
mean()

#EHE TP fI—%1) “hart_rollingmean” £7-fif i 1 °F-
5[]

dataset| 'hart_rollingmean'] = mov_avg

window = [ |

peaklist = | |

#{d H listpos A8 B 7E AN [R] ()51 % 3l

listpos =0

for datapoint in dataset.hart:

#1531 Jmy A A {E

rollingmean = dataset.hart_rollingmean| listpos |

if rollingmean >avg:

rollingmean = rollingmean

else:

rollingmean = avg

HRE IS 2] R I AR L SR

if  (datapoint <

(window) < 1):

rollingmean) and (len

listpos += 1
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Figure 5 R wave marked graph of ECG series
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#ll A A

train_dir = image path + "/train"
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validation_dir = image path + "/validation"

#E SO ZRAR MG A s, JF AT RS 5

train_image generator=ImageDataGenerator(rescale
=1./255,

rotation_range=40,

width_shift range=0.2,

height_shift range=0.2,

shear range=0.2,

zoom_range=0.2,

horizontal flip=True,

fill_ mode='nearest')

#T P PEIR AR s SCF K train_ dir s RUREAS

train_data gen=train_image generator.
flow_from_directory(directory=train_dir,

batch_size=batch_size,

shuffle=True, target_size=(im_height, im_width),

class_mode='binary')

HIGRAERE A KL

total train = train_data_gen.n

#E CIIESR MR AR L , X R AT Ak B

validation image generator =
ImageDataGenerator(rescale=1./255)

#1054 1S IR IE £ validation_dir HSEHK
FEA

val data gen=validation_image generator.
flow from directory(directory=validation dir,

batch_size=5,

shuffle=False,

target_size=(im_height, im_width),

class_mode='binary')

HIIEEEREAS KL

total val =val data gen.n
3.2 MEE R SR

Keras i j& TensorFlow H1 ATt 25 0 245 B A (14 1)
g . i H ¥ 1T # FH Sequential #f 25 % 2% HE 48 | 1
Sequential il i FP £ 258 1 #2225 4540 o — 4

TG Y, 2% 22 ) 1 R e A 5 B, il id 2 )2
WS MR 22 M 45

Hovp 25 — 2 fifi Ji] keras. layers. Conv2D() it 17 %
B, LB filters, 45 T ] T kernelsize, 30
PRI EY activation A5 AJE IR input_shape. 2f — 2 Hifb
JZ keras. layers. MaxPool2D % & jth % 1 B9 K /)
pool_size FlIA i strides. {ii i eras.layers.Flatten [ %
R . 42 i $2)2 % B keras.layers. Dense PR L1
Tl ek E activation, BIHRASANT

#5E X LeNet

model=tf. keras. Sequential([tf. keras. layers.
Conv2D(filters=6, kernel size= (5, 5), activation= 'relu’,
input_shape=(200, 200, 1)),

tf. keras. layers. MaxPool2D(pool size= (2, 2),
strides=2),

tf. keras. layers. Conv2D(filters=16, kernel size=(5,
5),ctivation="relu'),

tf. keras. layers. MaxPool2D(pool size= (2, 2),
strides=2),

tf.keras.layers.Flatten(),

tf.keras.layers.Dense(120, activation="relu'),

tf.keras.layers.Dense(84, activation="relu"),

tf.keras.layers.Dense(10, activation="softmax")

D

#IEALFTE)

model.summary()
3.3 BB REFEMRTF

TEBC BRI 1L, 75 & R0 ZRist (i A 4k
% optimizer , i 2% PR %W loss F1E B 2R 14 PF I A 1
metrics, 4N A 7 )i H callbacks. ModelCheckpoint,
Y25 - TR i 2 ) B8 callbacks.ModelCheckpoint f&
BRI R, VR 22 ZRi Al . BE filepath, £
BRI AR . ARSI

IR

model. compile(optimizer=tf. keras. optimizers.
Adam(learning_rate=0.0001),

loss='binary_crossentropy’',

metrics=| 'accuracy' )

HIEAL R AT

cp_callback = tf.keras.callbacks.ModelCheckpoint
(filepath=checkpoint_save path,

save_weights _only=True,

save_best_only=True)
3.4 BEEVEYI 2R

) 1 k4 FH model. fit, PR%X model. fit 3% [7]—
> History X[ 4, iC 5% loss FH AR FE 47 A9 ZXE i epoch
AEAL o B S KU x, BB T RRIFEA R, T2k
i) —> batch I FEAS 2 BHIE — BB T B, (i H AR
BRI AL — 2 o UIZRZE (R 1Y epoch ], Y 20k 7E 15
F3% epoch (A 45 1k o I 254 05630 42 7Y 451 2K 14
R DL 7. B8 E4E validationdata F11 callbacks ¥
FE1 3 R %L cp_callback, # RS UNT -

#E LI 25

history =

model. fit(x=train_data_gen,

steps_per_epoch=total train// batch size, epochs=

epochs,
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Figure 7 Loss and accuracy on training set and validation set

validation data=val data gen,

validation_steps=total val // batch_size,

callbacks=[ cp_callback ])

#IC I R NI TIEHE B TR SR A R A

history dict = history.history

train_loss = history dict[ "loss" ]

train_accuracy = history_dict[ "acc"

val_loss = history_dict[ "val loss"]

val accuracy = history dict[ "val acc"]
3.5 BRI A

F G50 A RO Y 5 O B L IR
Ab B S AE G HE RR TE) S L, 0 480 58 ) 24 0 1
A, {4 H model.predict iy A 75 B 47 FU 43 25 900
Hi RR (BB, Jf i s O 25 58 . Rl A 22
W Ay 410 B A8 1 B I R BSCH R | O 8 U BB 1Y
W o2, UK 8.
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Figure 8 Prediction by AI system
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