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Abstract According to statistics, the number of people suffering from cardiovascular diseases in China is about 330
million, and the number of deaths caused by cardiovascular diseases accounts for 40% of the total number of deaths
each year. Under this circumstance, the development of heart disease assisted diagnosis systems is particularly
important, but its development is limited by the lack of a large amount of electrocardiogram (ECQG) clinical data that
don’t contain patient privacy information and need to be annotated by medical experts. As an emerging discipline,
quantum computing can explore larger and more complex state spaces by utilizing quantum superposition and
entanglement properties, which is beneficial for generating high-quality and diverse electrocardiogram data similar to
real clinical data. Therefore, we propose an electrocardiogram generative information system based on quantum
generative adversarial networks, abbreviated as ECG-QGAN. The quantum generative adversarial network consists of
a quantum bidirectional gated recurrent unit (QBiGRU) and a quantum convolutional neural network (QCNN). The
system utilizes the entanglement property of quantum to improve the generative capability to produce ECG data that
are consistent with the existing clinical data so that the heartbeat characteristics of cardiac patients can be preserved.
The generator and discriminator of this system use QBiGRU and QCNN, respectively. The variational quantum circuit
(VQC) designed based on matrix product state (MPS) and tree tensor network (TTN) is adopted, which enables the
system to capture ECG data information more efficiently and generate qualified ECG data with fewer quantum
resources. In addition, the system applies quantum Dropout technology to avoid overfitting issues during the training
process. Finally, the experimental results show that the ECGs generated by ECG-QGAN have a higher average

classification accuracy compared with other models for generating ECGs. It is also friendly to the current noise
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intermediate scale quantum (NISQ) computers in terms of the number of quantum bits and circuit depth.
Key words  generative information system; electrocardiogram (ECG); quantum generative adversarial network

(QGAN); quantum bidirectional gated recurrent unit (QBiGRU); quantum convolutional neural network (QCNN)
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Fig. 1 Overall framework of ECG-QGAN
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Fig. 2 Illustration of data pretreatment

F2 HRBmsk R R

5 VE R RGO AR S AT R MR N R 2
Gy PRI AR5 BT 5 05, AR R BLAE 5 A 2 AN B
) FUAG 2R ) 1 0 Sy S AR B R A B B RV R
G ER B EEPIATNNN NE1 B 2 | B e S e
R 3R I A AU R R A 43 2 R S BRI Y
P[] 3 3 258 55 vy A 00 238 6.

DES 4B EA LA L BEE N BECG £l A&
B 7E 24T NISQ B4 b HEATYINZR. by fiff phe X A~ [m] 8,
138 5 QRS AR Bk 22 37 R P e, I FH v s v 11 %
AR, B T 1Y ECG 55 73 #1 L ERA~ O Bk i 0 1 B

3) B bR AL 4 BEIS 1 ECG Bdis, 45458 o5
WA —A6 R [0,1/2), LA T4 28 .0 Bk A 5 in 4 2]
A
33 ETHEMHEE

BiGRU J& RNN [ —Ff A8 (&, & 38 i [ T# L6 A
ML P T RNN B = 2% 3] K K 16 & 1Y fig
BiGRU i@ it 5| AT T# B0 (EH T E BT, A 3L
Hb 4 A SR BN, B Lk AR B G R AR R I, fif L
TCAE IEFIH B R s ] Y D7 5245 2. QBIGRU 454 1 4t
Tt 5 BiGRU ML #, ik 72810 S 5 2 48 4y
PERT LS B BIGRU B2 41 b At B K Biof (1) 5 38 194) 44K ot OC
&, NI & TH A B A i) (] 77 51 B30 b i R 3. B4,
AH T LSTM, GRU My 145 B oc 81 /20, 78 4 Hif NISQ
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TEAL e AT42 A9 ECG-QGAN, & ATH ix 4 4 %4 4
HEATE Y, SR PR B RUEIUTHT 0.4 s IS 0.5 s 10 L
G RN REA, AN FEAR BFREEITE R 0.9 s, SR E
PR LR AR F 256 4.0 HLAE . FRATAAX 4 4Bl
JE B AL EC T 500 S ARIE A N, S, VL F, Q Y0 Bk
FEAR HEAT U4, 2t 2 500 I ZhRE A B 4 19 3
WA FER 1 s,

Table1 Datasets Used in the Experiment and Their
Specific Properties

F1 IHEPRERMBIEEUREEEEY

G/ 4% Hz T RAL A i) /h Fric
SCHK [31] 360 48 0.5 gevil
3CHk [32] 360 28 ENE g
TR [33] 250 90 2 e
SR [34] 250 23 7~25 o

1)MIT-BIH Arrhythmia Database™ . ¥ i@ 18 5 &
ECG ic 5%, Hi BIH Arrhythmia Laboratory 7£ 1975—1979
AR ST Y 47 44 521038 h AT

2)MIT-BIH ST Change Database". 28 > A [] K JiF
1 ECG ic 55, Hrh R Z 8O 7E1z3 3h s 77 1048 8] 5
SR, FRBL A 1Y ST BRAR.

3)European ST-T Database™”. 79 4 5% i& # #h &
ECG it % B i B A o, B 7EVPAG ST BeAn T I A8 4k 53
MrEvk.

4) Sudden Cardiac Death Holter Database"". — > i1
hysioNet £ 37 {9 .00 lIE P 13 58 503 12

BT B AEAS SCHE Y ECG-QGAN (1 B, A1
K B 2 4 Pytorch F1 PennyLane |- #F 47 45 $8 52 55 .
A SCHWE9E B BT A SE 56 Y94 Pytorch 1.12.0, PennyLane
0.20.1, Python 3.9.13 1 i#f 17 . 4 . BAER K H
Windows 10, CPU >} Intel“Core™i7-8700 CPU 3.10 GHz,
GPU 4 NVIDIA GeForce GTX 1050ti, N 77 4 16 GB,
FEA# 4 1 TB.
42 iEMiERR

GAN T] e ARMEIEAL, BIF5E A G2 v AR st W L 48 s fie
HE St GAN PR B3k i — . SCHR [35] 4640 TR 248
i, Hor R 2808 T B L5 S8 35 > PEAl i)
[ 7751 GAN i TAEASAESEAT . FRATAT LUK PP AL 48
FRarh 2 28 EMERE & 8 YEVPA 28 o K & GAN
A LR REAS AT NS AL 19 0 — A R SR,
T = 53 1 PP HE AR, XN BERAL A X GAN
PERE Y AT PEAL . € B VP AR AL AR T 5 R T I R 81
G3 AT B eI B A G B 48 A AR R 6, 48 dn e

IR R B (PCO) . H o LT i 2% (PRD) Fl ¥
MR 2 (RMSE) . X 248 b J2 5 8 FH T 0 0] 77 51 9F
At 0 B2 £, PRI AT PR FRATT 42 4 A A5 AU M B A
S EATAT LA e R B AN AR BB 22 8] Y R
SEME. BATTFER (35)~(37) /R T ax 283 WA 2.

N
Z(x[ —})@1—5’)
PCC = El , (35
N N
\/Z(x,»—%YZ(y,»—W
i=1 i=1
> -y
PRD = | = , (36)

N
> @y
i=1

[1 & 2
RMSE = N;(xi—y,-) ) 3D

TEF(35)~(37) o, x & B R] 5 51 x 75 B ] 7 %) 55
BRAE, y, & B [B]F 5 y FERTE] 7 0 A2 (E . XAy 430l 3%
7~ x My BFE A
43 KIEERMXTLL 5

A SCHRAE 3.3 95 3.4 15 4R 41 Y B T MPS & T
HL BRI EE T TTN & 7~ HL B%, S 1 oA Z 1A i 2
4, JF I H T ECG-QGAN, & 78 A1 ] & 1 24 28 250k 1Y
AR BCRE 7. BT A SO QBIGRU Fl QCNN — i i
M T GAN 1, i PUA SCHE 515 BiGRU-CNN, BiLSTM-
CNN AT b Ase. HoAth 179 22 B ASE 70 0 6 A R 3 it 4.2
4L B A PR 46 AR UEAT FL R, A1 DCGANTY, &+
#T GAN(patch GAN)™ F1 QCGAN-ECG™. Jy T
HEAf H P Al ECG-QGAN T E, A SCHE AT — R4
SRR AT
431 A HTR M

AT Bk Wasserstein P 25 X T JS #{EE Fil KL #(
JER LS, A SCE AT T — AR S R
JH Wasserstein FE 25 | JS U A KL §UE #4708 ECG
B 0 A A 55, I AR AR R S E (Loss) A2 4k
M2k, b4 Wasserstein 5 25 | JS #5 Fl KL #0594
4. E 8, K F Wasserstein 5 55 i) 4= il #% #Y) Loss
BRTE N ZRTF 1 B Be2x 10 BRI 3, (B Rl 3 U 2558 1K
Hahn, 2 AR Bl sk, M Z R SR IS 1R A KL
HORE 19 A A5 1 Loss 1T 26 AT R 7E 52 S i [i] o o 0 258
A O TR E , IR T iR B I R 45 R — s 30 24
Wesh, HA WS, X ES Ik 7 3.5 9 ik i il 2k &
Bt GAN 23 ) U BR B2 T8 2% S5 AN E ), B >4 2 >4
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A 1 S AR A TS o H & AR H /D, KL #OE AT
RE AR BEA 2 X, i IS HUE BOARfE A — 2 I
HAH, (A B SR — A B, TOEk R R 2 A4S gy
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FR A Pl B, I T DAFE DI 25 ok R v B L O R A
B L.
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500 A~ AT A ) b 20 Bk A A AR S 08, RS REAR
() 4t B Ry 256, FATTHE 1% AR R 5% & Epoch = 1500,
) 5] %A AR AR R 2% S RN up =ue=0.0001,
batch_size = 647 I A% 1 1 T HL B, AT 19
i HRRECK 4, BN J7 19 9 QGRU BT E Ry 4. 78
FI 5] % 09 i B b, R AR ROl O 4.
BiGRU-CNN GAN #1 BiLSTM-CNN GAN [ 5 %1 21 f4
R 15 ECG-QGAN # [A], {H 2 % & 2t i% = T ECG-
QGAN. TEEAN YN ZrRd B, ZEA N, V, F, Q 2 ECG
B, 5148 1 Loss 4Nl 9 7R, A= S 28 ECG i, H
il 5 A A SR ABL AN P 10 s

AT Bk ECG-QGAN A5 Ak il 8% 1K) 1] #45% 22 (6]
XTI ZE, FRATTAEE 9 FE 10 H /R T HI B 4% Loss
(1 7% 1k i £k, & 011 % ] Wasserstein B 25 18 2 %) 4R
GAN [ JS B, P b m] DA 3 20 5 2% Loss 1975 1L 56
TE ) 590 5 AR AR 22 (B A X Bk S 7E B 9 FIEL 10
W &1 ECG-QGAN i}, 7] DL %], ECG-QGAN 7E
Epoch fb T 0~100 I, ] 51| &% 1Y Loss 7 2% T B, & B
FLH 5 BE J7 55 F A5 BUAR 1, T B 4G a8 R 50 2% 1 2
2J 8 1. WA Epoch (38N, FI 51 45 1 Loss TF 1 2% 12

BTG, 156 BH A= B R H 1) 6 1) 2 2] B8 Sy AR A s, (1
A AR IR 2 20 BE T B v 1 TR AR TR R . 24 Epoch=
400 B, 2 3145 149 Loss TF 4 ks T V-5, Ud B 2E L #% A
) i 5 W AN A Y A
432  N[AIAEAY Y SR BLXT L

bR T ik 2 Fp g B A, FR A1 4F 3 ] DCGAN,
QPatch-GAN, QCGAN-ECG 1 by 3 i 55 51 9F 47 L 4%
Wt 4.2 951 34 PEH 46 A5 K 3 B ECG-QGAN 1Y 1
AE. FRATT ™A% EAE Y AR S, il A ) Y £
B INZRAR IR LA K2 20 5, DT B £ 55 50 235 2R (8 A °F
Y. 6 2~4 IR T 3T PCC, PRD, RMSE 5 b1 1 %t 1
g5 L. PCC U 48 5 3= A2 W) ECG 7 5 o it B 5
Ifii PRD I RMSE %5 {H BRI, 7R 4= LAY ECG 157 5 it
HWE . EE 2, ECG-QGAN 4 4 25 ECG 5514
HAERI. RE QK ECG 5 T AR A B R, 1
5P F H AR, £ 3 3 v, ECG-QGAN . (5 7 4 2%
ECG 15 5 M R . F 2% BCG 5 5 A B ik 8 e 1
T, (H 4T fef . 7E 3£ 4, ECG-QGAN X 5 A 2
K ECG 155 W AR SR, 254 3 N PE 845,
ECG-QGAN (1B 4 25 1l fig 1 0 T LA AL 7Y

J T E W TR A N ECG Bl 1y i, 1K 11 %t
Fo T 3 iR R A B A ECG KUl 5 8 I 4B b il B A
ECG B¥. %5 1 %1 ) B 52 ECG ¥4, 45 2 5| 24 4 4]
41 4 ECG-QGAN, BiGRU-CNN GAN #1 BiLSTM-
CNN GAN A W09 8l . B4 T /R A 6] Fh 2 19 BCG %k
P N 11 AT LUE 5 E SR ECG 8l A H, ECG-
QGAN £ 1% 1) ECG {5 = #F & B T & 8] 28 ] ECG
AR AR, AN J2 T B4 0 Bk A 2 5 A0 Bk L 3 3
AR SCHRE R TC G BT L K T e bR i, HAR Bl
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Fig. 8 Loss variation graph of generator
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Fig. 9 Discriminator Loss variation diagram for generating ECG data
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Table2 Comparison of ECG Signals Generated by Models Table 4 Comparison of ECG Signals Generated by Models
on PCC on RMSE
*2 REAR ECG 557 PCC L3ttt F 4 EEAER ECG {557 RMSE £3itt
o] Nk S V2 F % Q% LAY N 2% Sk V% F % Q%
DCGAN 0.1346  0.1320 0.0647 0.0378 0.4389 DCGAN 05725 03522 0.7904 0.5643 0.4857
QPatch-GAN 0.1531 0.1073 0.1386 0.0312 0.5438 QPatch-GAN 05802 03282 0.7738 0.8199 0.5279
QCGAN-ECG 0.1744 0.1740 0.1515 0.0342 0.6323 QCGAN-ECG 05623 03067 07123 07503 04921
BiGRU-CNN GAN  0.1569 0.1798 0.1348 0.0436 0.5596 BiGRU-CNN GAN 02997 0.1260 07132 0.5051 0.4431
BiLSTM-CNN GAN ~ 0.1659 0.1514 0.1490 0.0407 0.5850 BiLSTM-CNN GAN  0.1933  0.1189 0.7250 0.5043 0.4422
ECG-QGAN (A3) 02187 02339 01524 0.0516 0.6067 ECG-QGAN (A3) 03763 0.1459 07154 05014 0.4418

E: RARRIRALE.

Table3 Comparison of ECG Signals Generated by Models

on PRD
* 3 B ECG {557 PRD L33tk
Y N 2% Sk V% F % Q%
DCGAN 1.802 1514 1480 1779 1508
QPatch-GAN 1.077  1.134 1354 1183  0.873
QCGAN-ECG 1.061  1.128 1444 1116 0.89

BiGRU-CNN GAN 1.236 1.016 1.173 1.129 0.830
BiLSTM-CNN GAN 1.095 0.992 1.131 1.054 0.829

ECG-QGAN (A ) 0984 1.018 1.085 1.055  0.752
H: BIARFIRRME.
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