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Table 3.1 Characteristic of Subjects

Variables Subjects
SEX male

Age(years) 27.25+2.43
Height(cm) 174.75+5.52
Weight(kg) 73+8.80

Values are M+SD, N=8
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Fig. 3.1 Measurement of Bio-Signal and Measurement System
(a)HELLODOCS of the TELEMED Co. Ltd. (b)NIBP100A of the BIOPAC system
Co. Ltd. (c)lronman Triathlon(T51561) of TIMEX Co. Ltd. (d)Mesurement

System
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Table 4.1 Fluctuation and Recovery Rate of Heart Rate in

Natural Recovery Step

Item
Rate of Recovery
Mean=S.D. (%)
Time Passage(min.) °
Rest 78.05+14.63 -
5 minutes after exercise 168.38+11.04 -
10 minutes after exercise 183.75£12.19 -
0 131.88+28.97 49.29
5 105.63+13.51 74.23
10 100.63+13.51 78.98
15 96.63+10.46 82.78
20 92.88+12.55 86.34
25 90.63+12.34 88.47
30 89.75+13.68 89.31
Aods s
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80
60
40 | |

o | s |

treadmill 25 F 5t 357

Al ZHmin)

F=24=(beats/min

=

Ald
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Fig. 4.2 Fluctuation of Heart Rate in Natural Recovery Step
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Table 4.2 Fluctuation and Recovery Rate of Heart Rate in Far-infrared Warming

Effect(307C)
Item
Rate of Recovery
Mean=S.D. (%)
Time Passage(min.) °
Rest 101.00£12.06 -
5 minutes after exercise 174.63£11.73 -
10 minutes after exercise 181.13£9.57 -
0 133.75+25.04 59.13
5 105.05£12.83 94.38
10 99.38+13.44 102.03
15 97.00+12.59 104.99
20 93.88+14.24 108.89
25 91.63+11.80 111.70
30 91.25+12.23 112.17

200
180 r
160
140 r
120
100 r

=]
=
D
o O
T T
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AlZHmin)
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Fig 4.3 Fluctuation of Heart Rate in Exercise Recovery Step(Far-infrared

Warming Effect 307C)
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Table 4.3 Fluctuation and Recovery Rate of Heart Rate in Far-infrared Warming

Effect(487C)
Item
Rate of Recovery
Mean=S.D. (%)
Time Passage(min.) °
Rest 91.00+8.27 -
5 minutes after exercise 171.00£18.13 -
10 minutes after exercise 175.71£16.49 -
0 130.14£29.26 53.79
5 103.43+14.16 85.33
10 98.57+13.24 91.06
15 96.57+14.68 93.42
20 92.71+£13.23 97.98
25 93.71+13.61 96.80
30 90.00+13.60 101.18
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Fig 4.4 Fluctuation of Heart Rate in Exercise Recovery Step (Far-infrared

Warming Effect 48C)
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Table 4.4 Fluctuation and Recovery Rate of Heart Rate in Far-Infrared Warming

Effect(65C)
Item
Rate of Recovery
Mean=S.D. (%)
Time Passage(min.) °
Rest 85.33+12.40 -
5 minutes after exercise 147.00£34.15 -
10 minutes after exercise 163.33£20.17 -
0 136.00+32.37 35.04
5 100.33+10.13 80.77
10 97.33+11.48 84.62
15 92.83+11.89 90.38
20 92.00+14.44 91.45
25 88.67+11.04 95.73
30 88.00+£10.86 96.58
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Fig 4.5 Fluctuation of Heart Rate in Exercise Recovery Step

(Far-Infrared Warming Effect 65T)
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Fig 4.6 Comparison of Recovery Rate of Systolic Blood Pressure after Treadmill

Exercise
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Table 4.5 Fluctuation and Recovery Rate of Systolic Blood Rressure in Natural

Recovery Step

Item
Rate of Recovery
Mean=S.D. (%)
Time Passage(min.) °
Rest 126.29+3.82 -
10 minutes after exercise 144.00+£27.44 -
0 145.75+7.87 -9.88
5 119.05+7.46 138.31
10 113.38£10.82 172.88
15 113.63+9.30 171.47
20 114.00+9.26 169.35
25 114.38+10.85 167.24
30 111.75+12.17 182.06
Ateds| =
160
5 150
£ 140 - —*— Alo15| =
£ 130
o 120 T y S
& 1o - - X
¢ 100
Q0 r
80 ‘ ‘ ‘ ‘ ‘ ‘ | | ‘
0 ‘ 10 0 ‘ 5 ‘ 10 ‘ 15 ‘ 20 ‘ 25 ‘ 30
readmill 2 &+ 357
AlZH(min)
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Fig 4.7 Fluctuation of Systolic Blood in Natural Recovery Step
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Table 4.6 Fluctuation and Recovery Rate of Systolic Blood Pressure in

Far-Infrared Warming Effect(30C)

Item
Rate of Recovery

Mean=S.D. (%)

Time Passage(min.) °

Rest 124.57+8.87 -

10 minutes after exercise 148.71£19.58 -
0 141.75£19.30 28.85
5 118.13+17.41 126.70
10 114.38+11.02 142.23
15 112.38+8.85 150.52
20 113.88+8.87 144.30
25 114.13£9.95 143.27
30 116.13+£9.67 134.99

—*— A1 2 —A— 2 x|

0 10 0‘5‘10‘15‘20‘25 30

treadmill 2538 3 57|
Al ZH(min)

a9 48 sk S ETA MY F57] o] MK (A 2E307T)
Fig 4.8 Fluctuation of Systolic Blood Pressure in Exercise Recovery Step

(Far-Infrared Warming Effect 30TC)
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Table 4.7 Fluctuation and Recovery Rate of Systolic Blood Pressure in

Far-Infrared Warming Effect(48C)

Item
Rate of Recovery
Mean=S.D. (%)
Time Passage(min.) °
Rest 117.17+£7.44 -
10 minutes after exercise 139.83£25.90 -
0 137.57+16.47 9.98
5 114.57+10.86 111.45
10 109.00+9.81 136.03
15 110.29+6.58 130.36
20 118.06+8.73 123.42
25 109.00+10.12 136.03
30 109.14+6.52 135.40

160
150
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130
%ﬂ 120
v 110
<+ 100

90

80
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7|&

AlZH(min)
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Fig 4.9 Fluctuation of Systolic Blood Pressure in Exercise Recovery Step

(Far-Infrared Warming Effect 48TC)
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Table 4.8 Fluctuation and Recovery Rate of Systolic Blood Pressure in

Far-Infrared Warming Effect(657)

Item
Rate of Recovery
Mean=S.D. (%)
Time Passage(min.) °
Rest 120.04£10.74 -
10 minutes after exercise 140.00£17.83 -
0 144.67+11.96 -23.81
5 118.17+6.65 111.39
10 113.00+5.62 137.76
15 110.00+4.20 153.06
20 112.17+8.82 142.01
25 109.05+5.96 155.61
30 109.83+5.78 153.91

160
150
140
130
%ﬂ 120
v 110
<+ 100

90

80

FimmHg)
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Fig 4.10 Fluctuation of Systolic Blood Pressure in Exercise Recovery Step

(Far-Infrared Warming Effect 65T)
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Table 4.9 Fluctuation and Recovery Rate of Diastolic Blood Pressure

in Natural Recovery Step

Item
Rate of Recovery
Mean+S.D. %)
Time Passage(min.) °
Rest 84.43+7.52 -
10 minutes after exercise 95.05£17.93 -
0 84.00£17.41 103.87
5 77.1319.28 165.97
10 74.88+7.66 186.29
15 75.1319.36 184.03
20 75.75+10.96 178.39
25 74.63£12.09 188.55
30 74.05+12.35 189.68
Khod AtEl
100
95 r
2 90 r —k— Rpod LEf
E 85
aén 80
75 r
K0 65
ol 60 F
55
50 | | | | | | | | |
0‘10 0‘5‘10‘15‘20‘25‘30
readmill@ S £35 3 =7
AlZH(min)

O 412 AA s EGA Y 7] dke] W3

Fig. 412 Fluctuation of Diastolic Blood Pressure in Natural Recovery Step
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Table 4.10 Fluctuation and Recovery Rate of Diastolic Blood Pressure in

Far-Infrared Warming Effect (307)

Item
Rate of Recovery
Mean=S.D. (%)
Time Passage(min.) °
Rest 86.14+6.67 -
10 minutes after exercise 101.14+12.68 -
0 79.75+10.01 142.62
5 74.38+7.21 178.45
10 77.13£5.25 160.12
15 76.75+10.58 162.62
20 74.05+11.06 177.62
25 73.88+10.45 181.79
30 73.75£9.56 182.62
110
. 100 —*— Kol abef —a— = 9ld 29(30%)
2
e 9 r
E
ol g0
B
B 70 F
o
60
50 | | | | | | | | |
0‘10 0‘5‘10‘15‘20‘25‘30
readmill 2S£ 3 3 =7
AlZH(min)

I9 413 558 SEGA A 7] Dol W Hed 2E307)
Fig 4.13 Fluctuation of Diastolic Blood Pressure in Exercise Recovery Step

(Far-Infrared Warming Effect 30TC)
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Table 4.11 Fluctuation and Recovery Rate of Diastolic Blood Pressure in

Far-Infrared Warming Effect(48C)

Item
Rate of Recovery
Mean=S.D. (%)
Time Passage(min.) °
Rest 86.17+7.14 -
10 minutes after exercise 91.33+£20.29 -
0 80.75+12.21 204.84
5 70.38+7.82 405.65
10 73.00+6.55 354.84
15 74.13+6.64 333.06
20 73.00£8.02 354.84
25 73.88+5.96 337.90
30 72.88+6.22 357.26
110
. 100 - —K— XA ME) —Aa— 2N M 2H(48%)
2
e 9 r
E
ol g0
@
B 70 F
o
60
50 | | | | | | | | |
0‘10 0‘5‘10‘15‘20‘25‘30
readmill 2S£ 3 3 =7
AlZH(min)

O9 414 558 SEGA A 7] Dol Wk Held 2E487)
Fig 4.14 Fluctuation of Diastolic Blood Pressure in Exercise Recovery Step

(Far-infrared Warming Effect 48C)
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Table 4.12 Fluctuation and Recovery Rate of Diastolic Blood Pressure in

Far-infrared Warming Effect(657)

Item
Rate of Recovery
Mean=S.D. (%)
Time Passage(min.) °
Rest 93.67£13.97 -
10 minutes after exercise 108.75+25.77 -
0 79.43+8.18 194.40
5 73.4316.21 234.18
10 75.00+3.46 223.76
15 73.00+6.35 237.02
20 70.00+20.28 256.91
25 72.14+5.67 242.70
30 70.57+8.98 253.12
110
100 - —¥— Rpelafel —A— A2 M 2 (655)
2
e 9 r
E
ol g0
@
B 70 F
o
60
50 | | | | | | | | |
0‘10 0‘5‘10‘15‘20‘25‘30
readmill 2S£ 3 3 =7
AlZH(min)

™ 415 w3 F-e SEgA e 237 deke] WAL 2Ee5T)
Fig 4.15 Fluctuation of Diastolic Blood Pressure in Exercise Recovery Step

(Far-Infrared Warming Effect 65T)
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ABSTRACT

Implementation of Far-Infrared Warming Effect Evaluation
System on Cardiovascular System

after Treadmill Exercise

Min, Se Dong
Graduate Program in Biomedical Engineering
The Graduate School

Yonsei University

The purpose of this study is to implement far-infrared warming effect
evaluation system, and understand far-infrared warming on recovery rate of
cardiovascular system after treadmill exercise.

In order to expose human body to far-infrared rays, carbon fiber wire
mattress as a far-infrared radiator is applied. The subjects are eight normal
men, age ranged 23~32.

We measure, record and analyze ECG, heart rate and blood pressure before
and after treadmill exercise. After treadmill exercise we meqsure those bio
signals by changing the heating temperature and exposing far-infrared for 30
minutes by 0C, 30T, 48C and 65T.

The experiment shows that the far-infrared warming can improve recovery
rate of heart rate and systolic blood pressure effectively. We obtain 74.23%
recovery rate of heart rate after five minutes without far-infrared warming but
we had 94.38%, 85.33% and 80.77% recovery rate of heart rate after five

minutes in 30C, 48C and 65T far-infrared warming. Also, it shows 138.31%



recovery rate of systolic blood pressure after five minutes without far-infrared
warming and 126.70%, 111.45% and 111.39% recovery rate of systolic blood
pressure show in far-infrared warming.

In conclusion, we can understand that far-infrared warming gives influence
to human body, especially in cardiovascular system. We need to study more
about relationship between blood pressure and recovery rate. In the future, we
will make advanced evaluation system of far-infrared warming through long

term experiment with more subjects.

Key words : Far-Infrared, Warming Effect, Cardiovascular System, Heart Rate,

Blood Pressure, Evaluation System, Treadmill Exercise
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