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Data Augmentation for Cardiopulmonary Exercise Time Series of Young Hypertensive Patients
Based on Active Barycenter

HUANG Fangwan'? ,LU Juhong' and YU Zhiyong'**

1 College of Computer and Data Science, Fuzhou University, Fuzhou 350116, China

2 Fujian Key Laboratory of Network Computing and Intelligent Information Processing, Fuzhou 350116, China
Abstract The gradual rise of precision medicine,such as mining cardiopulmonary exercise time series of young hypertensive pa-
tients,can understand the response of different individuals to aerobic exercise training. This helps to improve the efficiency of hy-
pertension management plan and achieve aerobic exercise intervention more effectively. One of the bottlenecks in this study is that
it is difficult to obtain sufficient sample data. To solve the above problem, this paper adopts the weighted dynamic-time-warping
barycenter averaging algorithm(WDBA) to realize data augmentation of time series,focusing on the barycenter selection and the
weight assignment. In this paper,the concept of active barycenter is introduced for the first time,and the selection strategies of
representative barycenter and diversity barycenter are proposed to improve the effect of data augmentation. Furthermore, aiming
at the shortcomings of the existing weight assignment strategies.a random strategy with decreasing distance is proposed to fur-
ther improve the generalization ability of the model by avoiding the synthesis of duplicate samples. Experimental results show that
the accuracy of predicting the efficacy of aerobic exercise intervention in young hypertensive patients can be further improved by
considering both the barycenter selection and the weight assignment for data augmentation in the background of this study.
Keywords Hypertension,Cardiopulmonary exercise test, Time series data augmentation, Dynamic-time-warping barycenter ave-

raging . Barycenter selection strategy, Weight assignment strategy
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Sample distribution of 24 hypertensive patients in two-dimensional space based on CPET metabolic index before treatment
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Fig. 2 Data distribution of real samples and generated samples
based on VO, /HR under four weight allocation strategies

(taking random barycenter selection strategy as an example)
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Table 1 16 Data augmentation schemes based on WDBA algorithm
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Table 2 Real labels of 24 young patients with stage I hypertension

#iﬁ MBPB/ MBPA/ ey Z, e
E R mmHg mmHg
1 242 202 16.529 2.209 Strong
2 229 195 14. 847 1.792 Strong
3 221 192 13.122 1. 365 Strong
4 241 212 12.033 1.094 Strong
5 235 213 9.362 0.432 Strong
6 253 230 9.091 0. 365 Strong
7 223 203 8.969 0.334 Strong
8 249 227 8.835 0.301 Strong
9 209 191 8.612 0. 246 Strong
10 244 223 8.607 0. 245 Strong
11 214 196 8.411 0.196 Strong
12 246 226 8.130 0.127 Strong
13 204 188 7.843 0.055 Strong
14 244 225 7.787 0.041 Strong
15 244 226 7.377 —0.060 Weak
16 231 214 7.359 —0.065 Weak
17 240 223 7.083 0.133 Weak
18 231 215 6.926 —0.172 Weak
19 214 207 3.271 —1.079 Weak
20 221 214 3.167 —1.104 Weak
21 222 216 2.703 —1.220 Weak
22 211 208 1.422 —1.537 Weak
23 207 205 0.966 —1.650 Weak
24 207 208 0.483 —1.770 Weak
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Table 3 Classification accuracy of different metabolic indicators
based on different barycenter selection strategies under AA

weighting strategy

g 5 CPET 1R 45 1%
VS VO,/HR VO, /kg R VE/VCO, VE CcO
* 0. 750 0.708  0.667 0.667 0.708 0.708
B AL E & 0.729 0.757  0.757 0.701 0.736 0.757
BRES 0.736 0.736  0.736  0.701  0.729 0.708
KREMEES 0.792 0.785  0.757 0.736 0.771 0.750

HZRERE 0.799 0.778  0.757 0.736 0.792 0.785

F 4 AS BUE RIS T N RS b5 5 T AS 7 20 2E 5 5wk 1
eSS
Table 4 Classification accuracy of different metabolic indicators
based on different barycenter selection strategies under AS

weighting strategy

B 5 CPET X #f 4 #7
i FE VO,/HR VO, /kg R VE/VCO, VE CcO
x 0. 750 0.708  0.667 0.667 0.708 0.708
AL E & 0.771 0.750  0.701  0.715 0.736 0.743
REEQC 0.743 0.778  0.743 0.701  0.736 0.757
REMES 0.792 0.806 0.778 0.729 0.757 0.708
LZAMEN 0.757 0.771  0.757 0.722 0.785 0.743

F 5 ASD BT SR Mg T AN [ 6 b7 T AN 7 30 28 6 R W 1
a3 G
Table 5 Classification accuracy of different metabolic indicators
based on different barycenter selection strategies under ASD

weighting strategy

S CPET & #t 4 4%
7 E VO,/HR VO, /kg R VE/VCO; VE CcO
% 0. 750 0.708  0.667 0.667 0.708 0.708
[ L E 0.764 0.715  0.743 0.708  0.743 0.743
BEEQ 0.792 0.667 0.750 0.667 0.792 0.750

REHEC 0.819 0.764  0.736 0.701  0.743 0.743
EZi i AN 0.819 0.757  0.722 0.708 0.764 0.757

F 6 RSD AU SR T N A48 A7 4 T8 6] 30 S 15 SR g 1y
Gy NG
Table 6 Classification accuracy of different metabolic indicators
based on different barycenter selection strategies under RSD

weighting strategy

HAE B 5 CPET & #t 45 47
7 E VO,/HR VO, /kg R VE/VCO, VE CcO
x 0. 750 0.708  0.667 0.667 0.708 0.708
[ L E 0.799 0.688  0.729 0.688 0.778 0.750
BEES 0.757 0.736 0.715 0.708 0.743 0.722
REHEEC 0.819 0.757 0.764 0.715 0.764 0.778
SHMEES 0. 806 0.757  0.757 0.729 0.792 0.785
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Classification accuracy of six metabolic indicators based on ASD and RSD strategies under random barycenter strategy
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Table 7 Information from some data sets in UCR archive
% 7 M \ 9 s A LE 3K
] HiE R4 % 5 % K BA%  RAR
ECG TwoleadECG 2 82 23 1139
ECG ECGFiveDays 2 136 23 861

Sensor MoteStrain 2 84 20 1252
Image ArrowHead 3 251 36 175
Image Herring 2 512 64 64

Motion GunPoint 2 150 50 150
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Table 8 Classification accuracy of different data augmentation schemes under 6 UCR data sets

I E TwoleadECG ECGFiveDays MoteStrain ArrowHead Herring GunPoint

T % 4 4 58 0.918 0.974 0.885 0.829 0.672 0.933
RAN-AAL23] 0.933 0.974 0.892 0. 806 0.688 0.947
RAN-AS[23] 0.911 0.976 0.895 0.829 0.672 0. 940
RAN-ASD(23] 0.902 0.967 0.884 0. 829 0.672 0. 900
RAN-RSD 0.931 0. 969 0.883 0. 806 0.688 0.933
ALT-AA 0.926 0.976 0.876 0.794 0.719 0.933
ALT-AS 0.928 0.972 0.896 0. 800 0.688 0.927
ALT-ASD 0.929 0.972 0.881 0.857 0.703 0. 940
ALT-RSD 0.932 0.973 0.879 0.794 0.672 0. 940
REP-AA 0.946 0.976 0.888 0. 840 0.750 0.933
REP-AS 0.931 0.973 0. 900 0. 840 0.719 0. 940
REP-ASD 0.912 0. 942 0. 900 0.831 0.719 0.913
REP-RSD 0.948 0.977 0.898 0.817 0.703 0.947
DIV-AA 0. 940 0.979 0.899 0.851 0.734 0.933
DIV-AS 0.934 0. 980 0.887 0.829 0.688 0.947
DIV-ASD 0.904 0.945 0.887 0. 869 0.703 0.913
DIV-RSD 0.933 0.984 0.894 0. 869 0.750 0.947
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