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Abstract

The purpose of this work is to predict the systolic blood pressure (BP) during exercise from pulse transit time (PTT) for warning of possible
danger. PTT was calculated as the time between R-peak of ECG and the peak of differential photoplethysmograph (PPG). For the PTT-BP
model, we used regress equations from previous studies and 3 kinds of new models combining linear and nonlinear regress equation. The
model parameters were estimated with the data measured under low to middle intensity exercise, and then was tested with the data measured
under high intensity exercise. Predicted BP values after high intensity exercise were compared with those measured by cuff-type
sphygmomanometer. The results showed that the error between measured and predicted vatues were acceptable for the monitoring BP. We
tested PTT-BP models 1 month after the identification without further calibration. Models could predict the BP and the errors between
measured and predicted BP were about SmmHg. The suggested system is expected to be helpful in recognizing any danger during exercise.
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Fig. 1. PTT-BP model
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Fig. 2. The definition of PTT
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Fig. 3. Experimental results of ECG and APPG during cycling at 220W load
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a, B, y: coefficient of PTT-BP model
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Table 1. Subjects information (n=6)
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&5 A 5E A AdEiell A PPGSEECGY} Ao ASEHA
1, PPGE Al&3te vHiA Abebell A 238 %47 (Hico, Japan)
£ o] &3] o] SHEHJUE PPG ECGE 8 Al =9l
MP30(BIOPAC System inc., USA)E A}43}] A2 ek
PPGE ¥HAHE Ao AAE o] &3l &7 Bl S
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g, &% T J3ANA E7tere 2 o)A ¥=E AN ST
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Agelyr] Height[cm] Weightlkg]

Sys.pressure[mmHg] BPM

25.6+0.5 171.126.6 72.9%13

122.3+5.7 77.6%13.5
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Fig. 4. Measured BP and predicted three models results of subject C
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Fig. 4 3192 C9) 2 £5 %818 238 SYeh} 0~150W
7A9] 2% ABE o) §3le] 6|23 571x)9) PTT-BP 2| 2
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Table 2. Prediction errors of high load (220W) BP using whole load (rest~220W) data

Subject A Subject B Subject C Subject D Subject E Subject F Average
BPw -5.29 -4.66 -4,97 -6.94 —4.67 -9.57 6.27+1.94
BPwm2 0.83 0.34 -0.55 -0.78 3.26 -2.95 1.87+2.05
BPms 2.45 -0.27 1.26 -0.5 1.74 =-1.1 1.42+1.41
BPma 276 -0.34 1.54 -0.46 1.54 -0.82 1.49+1.44
BPwms 0.95 -0.01 -0.1 -0.66 2.54 -2.35 1.491+1.63
¥ 3. 55 g ¢ FHE PTT-BP 2 sl2iH
Table 3. Measured BP and estimated PTT-BP models parameters
Estimated porameters
Subject Measured Blood Pressure BPy: BPye BPus P BPus BPus
resting 75W 100W 1258W 150W 220W Al Bl A2 B2 al g 02} a2 J5; o3 3B
A 128 142 168 170 180 190 -725.46 32641 539 557 927 537.18 -142.64 -0.701 1.701 -0.74 1.72
B 126 140 152 162 166 180 ~—658.57 305.12 49 5932 3.6 -—177.7 12551 0.26861  0.73139 0.25 0.73
C 120 138 142 164 168 178 ~740.4 319.39 523 4805 923 577.66 —162.37 —0.75485 1.75485  —0.78 1.77
D 110 138 160 168 172 184 -619.47 30057 525 5675 525 —05 5695 0.00079836 0.9992016 0.0008115 0.9992
E 124 152 158 168 172 190 -734.31 31636 471 5524 582 17606 -6.94 -0.23378 1.23378  -0.24 1.23
F 120 150 152 154 164 186 -—681.29 319.48 654 4332 676 2323 3393 -0.0337 1.0337  -0.034 1.03
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AT Aol B AT Zo], @5 FFig 54 22 Heler g
o] Wsle Role} Ak < gick

% A 23R & subject B 120 mmHg, subject F= 126
mmHg o|Fth. 22} B Aol AME3E ¥ & oF 103:7H¢]
PTTE B3l AHE3IATE 28 B2 &5 Al 59 ol Fo]
A= " ks AR Al o] Zbo] 7} leh. o 2 1t &5 AR
Fol| Fgto] EAl &k

Table 5oflA] B Rz} o], A PA B FO| &5 T8 A €Y
& 3%AE 247 176mmHg 9 176mmHg ©|At}. oS =
BPwmi & A3 th Redo] 49 vlkdhl &=, exte
4mmHgo] st th. £ AnjolA B A0} o] £F Tz st
9] o) Zo) 7V5d Aot gHrt.

2 AEL U Aol 4% ol3le] AHE o] &3}e] 33T
=do] et o] &e Arfoltt. Bd sl o] S A &H o
2 = ojol & Ao}, £ Ao B A7 o] MINg B
3 AL T3 et goke 2S¢ 57 Aok 23U PIT
£ 0|83 gt o Fe A 270 AR AL AL 2R o5
7He AR S goBE 2&A9 A 2gjo] o g Aotk

2 dfoe APrt Be I o188k & dgE
sl o] AL H AT ol e 1EA 2 Sl H4T A4 €
3ok whiol gt AlsETh 3 Aol He AR 2|, &F F
15231 81| ol Fo] 7Vast R, AEA o oS3 227}
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Table 4. Prediction errors of high load (220W) BP using low to medium load (rest~150W) data

Subject A Subject B Subject C Subject D Subject E Subject F Average
BPwn -8.25 -75 -7.65 -9.93 -7.65 -15.04 9.71+2.93
BPm2 1.5 0.65 -0.95 -1.24 6.72 -5.44 3.64+£3.99
BPw3 7.68 -1.49 3.71 -1.25 9.91 ~5.13 5.79+5.85
BPa4 8.34 -1.54 4.12 ~1.25 10.08 -5.12 6.03+6.04
BPwms 428 -1.26 1.73 -1.25 9.21 -5.18 4.76%5.03
S5 25 T2 A SYEHHQ 0t FHEHEQ 2L [mmHg]
Table 5. Results of measured BP and predicted BP [mmHg]
Measured BP BPm1 BPm?2 BPM3 BPm4 BPmM5
Subject B 176 171.5 178.9 177 176.9 177.2
Error -4.5 2.9 1 0.9 1.2
Subject F 176 169.26 172.67 173.34 173.02 173.05
Error -6.74 3.33 2.66 2.98 2.95
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