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A Method for Estimating Heart Rate
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Abstract: In this paper, aiming to realize the support system for walking with appropriate physical load
for various individuals, we propose a method to estimate the heart rate during walking only with available
functions of a smartphone. For this purpose, we build a heart rate model that predicts the heart rate from
walking data including acceleration and walking speed by machine learning. In order to deal with the sudden
change of heart rate, we focus attention on oxygen uptake which is closely related to heart rate change and
use it as an input of the model. To make this possible, we devise a novel technique to accurately estimate the
oxygen uptake from acceleration and location data measured by a smartphone. Moreover, we estimate the
heart rate for new users who utilize the system for the first time. For this purpose, we classify all users into
some categories by existence of exercise habits, and then build a model for each category after optimizing
category-specific parameters and normalizing heart rate data measured. We applied the proposed method
to actual walking data on various routes by different persons and confirmed that the method estimates heart
rate change with mean error of 6.37bpm (beat per minute) and the proposed oxygen uptake estimation
technique reduces the mean error by more than 10 bpm.
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Fig. 1 Heart rate change when 2 subjects with different sport

habit simultaneously walk on a route at similar speed.

(A without sport habit, B with sport habit).
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Fig. 2 Heart rate change when 2 subjects with different heart

rate at rest simultaneously walk on a route.
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Fig. 3 Architecture of proposed system.
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Fig. 4 Oxygen uptake change with constant physical load.
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Fig. 6 Usage devices and the acceleration directions.
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Fig. 7 Gradients of five walking routes.
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Table 2 Heart rate for every category on each walking route.

A B C D E

i e/ 99.0 | 106.9 | 104.7 | 99.2 | 105.5
T 1| &K 151.6 | 148.6 | 137.4 | 137.3 | 127.3
LKEE | 52.5 | 41.7 | 32.8 | 38.1 21.9
Py 125.1 | 125.9 | 119.9 | 123.9 | 117.6
77 SN 87.9 | 96.5 | 92.7 | 96.3 | 100.8
T 2 | &K 134.3 | 131.2 | 124.6 | 133.8 | 122.2
NG | 46.4 | 34.7 | 31.9 | 37.6 | 21.4
Ty 113.0 | 112.8 | 108.3 | 118.4 | 112.3
77 B/ 78.2 | 87.6 | 87.2 | 81.4 | 80.8
T 3 | &K 108.7 | 113.5 | 106.3 | 113.0 | 99.8
ZEEE | 30.5 25.9 19.2 31.6 19.0
STt 95.4 | 96.7 | 96.1 | 96.0 | 88.4
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Table 3 Prediction results (MAE) for all subjects/routes.

& 3 BRA BTV — MO A DI IR R B X OB g 2 LT B SR

webRE | AT ATV — b (route) Ria]
(sub) A B C D E

sl 1 713  9.28 4.16 10.89 1.56 | 6.60
s2 1 15.07 524 4.73 16.24 3.00 | 8.86
s3 1 464 591  4.00 10.15 8.40 | 6.62
s4 1 541 535 7.64 505 239 | 517
s5 1 3.23 442 416 414 542 | 4.27
AT 1Y 7.10 6.04 4.94 9.29 4.15 | 6.40
s6 2 580 292 3.05 945 393 | 5.03
s7 2 4.44 1052 444 483  6.33 | 6.11
s8 2 12.00 4.84 4.11 13.86 4.56 | 7.87
s9 2 2.86 3.22 517 481  7.28 | 4.67
s10 2 511  4.00 824 595 3.65 | 5.39
sl 2 6.83  9.63 2.60 10.70 7.96 | 7.55
s12 2 11.32 712 566 7.85 691 | 7.77
s13 2 2.86  3.92 444 471  4.60 | 4.11
sl4 2 3.93 319 4.73 18.23 143 | 6.30
s15 2 4.97 420 9.70 923  14.38 | 8.50
s16 2 11.46  7.81 811 14.32 4.05 | 9.15
H T T 2 6.51  5.58 548 945 592 | 6.60
s17 3 813  6.87 6.60 4.09 335 | 581
s18 3 499 996 4.58 3.30  1.67 | 4.90
17T 3 6.56 842 559 3.7 2.51 | 5.36
S 6.68  6.02 534 877 505 | 6.37
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Fig. 8 Prediction of heart rate change (s4, E). - N
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Fig. 10 Prediction of heart rate change (s14, D).
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Fig. 9 Prediction of heart rate change (s13, A).
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Fig. 11 Prediction of heart rate change (s2, D).
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Fig. 12 Effectiveness of oxygen uptake.
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Table 4 Parameter values for each category.

A1 a) M M, Tu T4

1 1.56 1.45 62.22 84.28
1.25 1.27 64.94 70.53
1.24 1.20 79.77 40.16
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Fig. 13 Effectiveness of parameter for every category.
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Fig. 14 Effectiveness of normalization.
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