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Adaptive position encoding for ECG reconstruction

JI Jiewei, CHANG Sheng, WANG Hao, HUANG Qijun

School of Physics and Technology, Wuhan University, Wuhan 430072, China

Abstract: The main challenge in wearable electrocardiogram (ECG) detection is that multiple leads for detection affects the
subject's physical activity, but reducing leads will weaken detection performance due to the loss of ECG data. An adaptive
position encoding based reconstruction algorithm using Transformer Encoder is proposed to balance wearing comfort and
detection accuracy. The information of adjacent slices is correlated through slice overlapping. When encoding relative
positions, trainable parameters are added to reconstruct any slice for effectively extracting position information. The standard
12-lead ECG signal is reconstructed from 3-lead ECG signals, and the experimental results show that the root mean square

error and average correlation coefficient of the reconstructed ECG data are 0.027 58 and 98.43%, indicating that the proposed

algorithm has high application prospect in wearable ECG monitoring equipment.

Keywords: electrocardiogram; reconstruction; position encoding; Transformer Encoder
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Figure 1 Schematic diagram of the algorithm
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Table 2 CC and RMSE of the reconstructed V1 and V3-V6
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Table 3 Results of myocardial infarction identification

with reconstructed leads
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Table 4 Results of myocardial infarction identification

with target leads
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Figure 3 Comparison of RMSE among 3 reconstruction models
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- 1290 -

N e

5540 %:

3 HR5iTH

AR T —Fh 3 T Transformer Encoder 1 F
T AR R B A AN R AR SR 2 W 2 AN
e BRSNS T PR A B AR Rl E &)
J AR B A A BB AR AR SO AR U A 25 ) 4%
ATULH SR R M AG S 5 B RERZ B R,
F T R AT I B R AR AL, B T SO R
RV b B RRAE , 5L T A XA 4 A R 34 i AH <08
i 1) - B %) B () A5 2L PR A, g R G S G B D Y
AV B AR 45 A, T A S AR AR A R BRSSP
PN EAE R . SESMETAMENEL LML,
K AR L P P 28 A A SO A TEAL B AT R AR Stk A=
YIHME S AR, A PTB B A ) S50 50k
ARCEIEARAG T B0y S ECE A ROR B B AR
Rz AR RE . 38 I L S PR -R EK D 4 H A E A
S I0C B A I FLASE 0 8 2550, TE B T 0L 1 A AR
PEFIEE T, v N T AT 2R 30 H I3 &, FE D 1Y
SEREHT ST, 8 0 5 I HE A 2 12 R0 BCG 4L
P, Ry 7 T v A T 1RO L A8 9 i A T B9 (Gl R
12 3R ECG #dli ) 2 48t T— 48Rt .

(5% k]

[1] Maheshwari S, Acharyya A, Puddu P, et al. Reduced lead system
selection methodology for reliable standard 12-lead reconstruction
targeting personalised remote health monitoring applications [J].
Comput Methods Biomech Biomed Eng, 2014(2): 107-120.

[2] Dower G. A lead synthesizer for the Frank system to simulate the
standard 12-lead electrocardiogram[J . J Electrocardiol, 1968, 1(1):
101-116.

[3] Tsouri GR, Ostertag MH. Patient-specific 12-Lead ECG reconstruction
from sparse electrodes using independent component analysis[J].
IEEE J Biomed Health Inform, 2014, 18(2): 476-482.

[4] Xu ZJ, Zhou YS, Cao BB, et al. Reconstruction of 12-lead
electrocardiogram based on GVM//6th International Conference on
Advanced Cloud and BigData (CBD). IEEE, 2018: 275-280.

[5] Lee J, Kim M, Kim J. Reconstruction of precordial lead
electrocardiogram from limb leads using the state-space model[ J].
IEEE J Biomed Health Inform, 2016, 20(3): 818-828.

[6] Scherer JA, Jenkins JM, Nicklas JM. Synthesis of the 12-lead
electrocardiogram from a 3-lead subset using patient-specific
transformation vectors-an algorithmic approach to computerized signal
synthesis[ J 1. J Electrocardiol, 1989, 22: 128.

[7] Nelwan SP, Kors JA, Meij SH. Minimal lead sets for reconstruction
of 12-lead electrocardiograms|[ J . J Electrocardiol, 2000, 33: 163-166.

[8] Nelwan SP, Kors JA, Meij SH, et al. Reconstruction of the 12-lead
electrocardiogram from reduced lead sets[J]. T Electrocardiol, 2004,

37(1): 11-18.

[9] Trobec R, Tomasic I. Synthesis of the 12-lead electrocardiogram from
differential leads[ J]. IEEE Trans Inf Technol Biomed, 2011, 15(4):
615-621.

[10] Zhu HY, Pan Y, Cheng KT, et al. A lightweight piecewise linear
synthesis method for standard 12-lead ECG signals based on adaptive
region segmentation[ J]. PLoS One, 2018, 13(10): €0206170.

[11] Yodjaiphet A, Theera-Umpon N, Auephanwiriyakul S, et al.
Electrocardiogram reconstruction using support vector regression[ C ]/
12th IEEE International Symposium on Signal Processing and
Information Technology (ISSPIT). IEEE, 2012: 269-273.

[12] Atoui H, Fayn J, Rubel P. A novel neural-network model for deriving
standard 12-lead ECGs from serial three-lead ECGs: application to
self-care[ J]. IEEE Trans Inf Technol Biomed, 2010, 14(3): 883-890.

[13] Matyschik M, Mauranen H, Karel J, et al. Feasibility of ECG
reconstruction from minimal lead sets using convolutional neural
networks[ C ]//2020 Computing in Cardiology Conference, 2020.

[14] Wang LD, Zhou W, Xing Y, et al. A novel method based on
convolutional neural networks for deriving standard 12-lead ECG
from serial 3-lead ECG[J]. Frontiers of Information Technology &
Electronic Engineering, 2019, 20(3): 405-413.

[15] Sohn J, Yang S, Lee J, et al. Reconstruction of 12-lead
electrocardiogram from a three-lead patch-type device using a LSTM
network[J]. Sensors (Basel), 2020, 20(11): 3278.

[16] Kumar PS, Ramasamy M, Kallur KR, et al. Personalized LSTM
models for ECG lead transformations led to fewer diagnostic errors
than generalized models: deriving 12-lead ECG from lead II, V2, and
V6[J]. Sensors (Basel), 2023, 23(3): 1389.

[17] Vaswani A, Shazeer N, Parmar N, et al. Attention is all you need[J].
arXiv preprint arXiv: 1706.03762, 2017.

[ 18] Goldberger A, Amaral L, Glass L, et al. PhysioBank, PhysioToolkit,
and PhysioNet: components of a new research resource for complex
physiologic signals[J]. Circulation, 2000, 101(23): €215-¢220.

[19] Kligfield P. Recommendations for the standardization and
interpretation  of  the electrocardiogram:  Part 1.  the
electrocardiogram and its technology a scientific statement from
the American heart association electrocardiography and
arrhythmias committee, council on clinical cardiology; the
American college of cardiology foundation; and the heart rhythm
society endorsed by the international society for computerized
electrocardiology[ J]. J Am Coll Cardiol, 2017, 49(10): 1109-1127.

[20] Makowski D, Pham T, Lau Z, et al. NeuroKit2: a Python toolbox for
neurophysiological signal processing[J]. Behav Res Methods, 2021,
53(4): 1689-1696.

[21] Jonas G, Michael A, David G, et al. Convolutional sequence to
sequence learning[ J]. arXiv preprint arXiv:1705.03122v2, 2017.

[22] Dzmitry B, Kyunghyun C, Yoshua B. Neural machine translation by
jointly learning to align and translate[ C ]//International Conference on
Learning Representations, 2015.

[23] He KM, Zhang XY, Ren SQ, et al. Deep residual learning for image
recognition [ C |//in Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition. IEEE, 2016: 770-778.

[24] Einthoven W. The different forms of the human electrocardiogram and
their signification[ J . Lancet, 1912, 179: 853-861.

[25] Acharya UR, Fujita H, Shu LO, et al. Application of deep convolutional
neural network for automated detection of myocardial infarction using
ECG signals [J]. Inform Sci, 2017, 415. Doi: 10.1016/j.
ins.2017.06.027.

(miE . BEiER)



