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Li,Chun-Chieh(2013)Using the accelerometer to monitor the

pacing strategy of elite marathon runner. Department of Sport

Performance and Graduate School, National Taiwan College of

Physical Education and Sport.

Abstract

The marathon is a sport which requires a certain amount
of experiences and training. The participant’s pace is the key
element to winning a marathon. Pace can appear in different
forms due to the individual’s ability, and influences of the,
topography, environment and weather. The purpose of this
study: This research is to study the application of an
accelerometer to monitor the pace in formal marathon races,
and to monitor how the intensity of the exercise is affected by
the runner’s senses, heart rate and altitude. Use an
acceleromete to monitor the runner’s condition during the
entire race. In addition, use a Polar watch to monitor the
runner’s heart rate, altitude and ensure the runner completes
the RPE after the race. Method Two: Pace examinations: On
a 400m running track, we do four trials of pacing, separately,
using 150, 180, 210, 240 steps/ per minute. At the completion
of each trial, a 5-minute break is taken in order to obtain the

data from the four trials. The result of the study: According to



the table of the Wavelet transform, we learnt that the running
frequencies of the participants were more stable between 900
seconds to 1600 seconds and more efficient during this period.
Above 1600 seconds, the frequency showed instability, the
curve had become upward, and more unstable as the period of
time extended. The graphic was thrown into disarray at 3200
seconds. Combining the four frequencies, we learnt that
runners consumed 92% of energy usage at the pace of 195
steps per minutes at a frequency of 3.26HZ ; At level 8, the
runners felt that a distance of 5 kilometers was very easy. At
level 12, the runners found it slightly more difficult up to a
distance of 10 kilometers. At level 16, the runners felt it was
very difficult over a distance of 15 kilometers. The runners’
legs felt very uncomfortable when they ran 16-20 kilometers.
At level 17, the runners felt it was extremely difficult when
they ran 20 kilometers. Result of the study: 1.The best
condition for the runner was 3.26Hz, which was a pace of 195
steps per minute; the best consumption of energy usage was
92%. 2. strength of runner’s endurance can be monitored
through RPE, heart rate and altitude, and the use The of an
accelerometer can help the runner plan his/her pace before the

marathon takes place.

Keywords: Marathon, RT-3, Pace
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Channel Zero Crossings Power (%)
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IMF_h1 629 314 10.49 0.10 1.13
IMF_h2 267 141 4.46 0.22 5.79
IMF_h3 168 84 2.81 0.36 90.81
IMF_h4 91 47 1.53 0.65 1.49
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IMF_h7 12 6 0.22 4.62 0.10
IMF_h8 7 3 0.13 7.51 0.07
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X #h 1 2.81lHz e it £ F * »x F & 3 & 90.81%( 4 %

37



4-2) o
304-3 & A 4 169 % K A+ (EMD)Y b 4

Extrema Mean Freq. Mean Period
Channel Zero Crossings Power (%)
Counts [Hz] [sec]
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IMF_h5 43 22 0.73 1.36 2.05
IMF_h6 23 11 0.40 2.50 1.58
IMF_h7 12 6 0.22 4.62 0.30
IMF_h38 5 2 0.10 10.01 1.32
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Extrema Mean Freq. Mean Period
Channel Zero Crossings Power (%)
Counts [Hz] [sec]
IMF_h1 819 410 13.66 0.07 0.65
IMF_h2 189 94 3.16 0.32 98.96
IMF_h3 102 51 1.72 0.58 0.22
IMF_h4 69 34 1.17 0.86 0.06
IMF_h5 34 18 0.58 1.72 0.05
IMF_h6 17 8 0.30 3.34 0.03
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IMF_h8 3 1 0.07 15.01 0.02
IMF_residual 0 0 0.02 60.04
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Extrema Mean Freq. Mean Period
Channel Zero Crossings Power (%)
Counts [Hz] [sec]
IMF_h1 858 432 14.31 0.07 12.38
IMF_h?2 334 169 5.58 0.18 23.87
IMF_h3 151 77 28588 0.40 5.5
IMF_h4 83 42 1.40 0.71 23.41
IMF_h5 48 24 0.82 1.23 2.63
IMF_h6 26 13 0.45 2.22 0.97
IMF_h7 17 8 0.30 3.34 0.48
IMF_h8 8 4 0.15 6.67 0.33
IMF_h9 3 1 0.07 15.01 0.41
IMF_residual 0 1 0.02 60.04

% 4-8 = &~ 4 195 # W & ~ 17 (EMD)Z # %

Extrema Mean Freq. Mean Period
Channel Zero Crossings Power (%)
Counts [Hz] [sec]
IMF_h1 863 432 14.39 0.07 6.04
IMF_h2 263 132 4.40 0.23 59.60
IMF_h3 134 67 2.25 0.44 23.58
IMF_h4 82 40 1.38 0.72 6.48
IMF_h5 42 21 0.72 1.40 2.28
IMF_h6 24 12 0.42 2.40 0.79
IMF_h7 10 6 0.18 5.46 0.73
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N

IMF_hs8 5 0.10 10.01 0.50

IMF_residual 0 0.02 60.04

-

Sk

Y $h 2 2.53Hz ch i B i *
Z #h 1 4A0HZ chi B 3 % s ¥ B & § 59.60% (4 % 4-8) o

& B i 4 35.51% (4 % 4-7) >

% 4-9 & & 4 195 % K i A 45 (EMD)S ¥4 4

Extrema Mean Freq. Mean Period
Channel Zero Crossings Power (%)
Counts [Hz] [sec]
IMF_h1 750 377 12.51 0.08 2.58
IMF_h2 195 97 3.26 0.31 92.28
IMF_h3 112 57 1.88 0.53 2.73
IMF_h4 67 33 1.13 0.88 1.38
IMF_h5 35 18 0.60 1.67 0.17
IMF_h6 19 10 0.33 3.00 0.31
IMF_h7 10 5 0.18 5.46 0.31
IMF_h8 5 3 0.10 10.01 0.06
IMF_h9 2 1 0.05 20.01 0.18
IMF_residual 0 0 0.02 60.04

S & 3.26Hz e i& * »c F &k 3 & 92.28% (4 & 4-9) o
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z_axis_206 Steps/min
T T
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02

Bl 4-27 Z #h 5 » 4 206 % 4 5 B

ZphH O F MY o b 104 oehak A g 4 o B¢ B PR AR
A 24 B A MW A R F hgl A, 0 A w24 3 26

e s 2 (4o B 4-27) o

S__206 Steps/min
T T

08
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02

Bl 4-28 S 4 & A 4 206 % ¥ = B

SHh M F B Y O I RRARESDR (0B 4-28) -
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FFT__206 Steps/min
T

e

EAEER Y O BE R OR A

01

1
Frequency [Hz]

B 4-29 & ~ 4 206 # 2 4 # R

10

3ehi % (4o B 4-29) -

% 4-10 % » 48 206 % # & ~» 47 (EMD)X # %

Extrema Mean Freq. Mean
Channel Zero Crossings Power (%)
Counts [Hz] Period [sec]
IMF_h1 792 396 13.21 0.08 1.20
IMF_h2 199 99 8.88 0.30 98.29
IMF_h3 102 51 1.72 0.58 0.35
IMF_h4 61 30 1.03 0.97 0.10
IMF_h5 32 16 0.55 1.82 0.03
IMF_h6 19 9 0.33 3.00 0.01
IMF_h7 10 5 0.18 5.46 0.01
IMF_h8 4 2 0.08 12.01 0.00
IMF_residual 0 1 0.02 60.04
X #h 2 3.33Hz eh it £ 3 * »c F & & & 98.29%*%(4r £



4-10) -

% 4-11 % ~ 4 206 % # & ~ 7 (EMD)Y b £
Zero Extrema Mean Freq. Mean Period
Channel Power (%)
Crossings Counts [Hz] [sec]
IMF_h1 685 344 11.43 0.09 23.12
IMF_h?2 317 159 5.30 0.19 20.33
IMF_h3 134 68 2.25 0.44 39.47
IMF_h4 76 39 1.28 0.78 12.00
IMF_h5 40 20 0.68 1.46 2.92
IMF_h®6 22 11 0.38 2.61 1.12
IMF_h7 11 6 0.20 5.00 0.72
IMF_h8 6 3 0.12 8.58 0.32
IMF_residual 0 1 0.02 60.04
Y #h2 2.25Hz sh e & & * ax F & i & 39.47% (40 £
4-11) -
2 4-12 =% & 4 206 % # & ~ 47 (EMD)Z #h £
Zero Extrema Mean Freq. Mean Period
Channel Power (%)
Crossings Counts [Hz] [sec]
IMF_h1 844 422 14.07 0.07 6.69
IMF_h2 242 122 4.05 0.25 69.38
IMF_h3 127 63 2.13 0.47 15.90
IMF_h4 76 38 1.28 0.78 4.84
IMF_h5 33 17 0.57 1.77 1.91
IMF_h6 19 9 0.33 3.00 0.50
IMF_h7 9 4 0.17 6.00 0.54
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IMF_hs8 4 2 0.08 12.01 0.25

IMF_residual 0 1 0.02 60.04
Z $h 1l 4.05HzZ cha £ & % »% ¥ k& £ 69.38% (4 4
4-12) o
# 4-13 & ~ 4 206 % # & ~ +7 (EMD)S # %
Extrema Mean Freq. Mean Period
Channel Zero Crossings Power (%)
Counts [Hz] [sec]
IMF_h1 705 353 11.76 0.09 5.45
IMF_h2 213 106 3.56 0.28 84 .45
IMF_h3 121 61 2.03 0.49 7.26
IMF_h4 67 33 1.13 0.88 1.58
IMF_h5 35 17 0.60 1.67 0.77
IMF_h6 20 10 0.35 2.86 0.19
IMF_h7 11 5 0.20 5.00 0.17
IMF_h8 3 2 0.07 15.01 0.15
IMF_residual 0 1 0.02 60.04

S B 0 3.56Hz chif * »c & h 4 & 84.45% (4 & 4-13) o
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FFT__216 Steps/min
T

i ! L

04 1
Frequency [Hz]

B 4-34 = ~ 4 216 % 2 4 F B
hodE Bl Y Bk e R IR A 3% (B 4-34)

% 4-14 % » 48 216 % ¥ & ~» 7 (EMD)X # %

Zero Extrema Mean Freq. Mean Period
Channel Power (%)
Crossings Counts [Hz] [sec]
IMF_h1 716 357 11.94 0.08 2.16
IMF_h2 205 102 3.43 0.29 97.41
IMF_h3 104 53 1.75 0.57 0.29
IMF_h4 63 32 1.07 0.94 0.09
IMF_h5 31 16 0.53 1.88 0.03
IMF_h6 17 8 0.30 3.34 0.02
IMF_h7 8 4 0.15 6.67 0.01
IMF_h38 2 2 0.05 20.01 0.01
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IMF_residual 0 0 0.02 60.04
X $h 1 3.43Hz this B % sx F b 2 & 97.41% (4 %
4-14) -
% 4-15 &% & 4 216 % - & » 7 (EMD)Y # £
Zero Extrema Mean Freqg. Mean Period
Channel Power (%)
Crossings Counts [Hz] [sec]
IMF_h1 565 282 9.43 0.11 31.38
IMF_h?2 289 144 4.83 0.21 17.48
IMF_h3 116 58 1.95 0.51 40.69
IMF_h4 67 33 1.13 0.88 7.32
IMF_h5 38 19 0.65 1.54 1.23
IMF_h6 15 7 0.27 3.75 1.00
IMF_h7 8 4 0.15 6.67 0.80
IMF_h8 5 2 0.10 10.01 0.10
IMF_residual 0 1 0.02 60.04
Y #h 2 1.95Hz éha B8 % 2k & b i & 40.96% (4 %
4-15)
% 4-16 & & 45 216 # - i » 7 (EMD)Z #h %
Zero Extrema Mean Freq. Mean Period
Channel Power (%)
Crossings Counts [Hz] [sec]
IMF_h1 845 427 14.09 0.07 5.32
IMF_h2 212 106 J.58 0.28 85.00
IMF_h3 111 56 1.87 0.54 6.69
IMF_h4 67 34 1.13 0.88 1.45
IMF_h5 38 19 0.65 1.54 0.54
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IMF_h6

IMF_h7

IMF_h8

IMF_residual
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0.33

0.15

0.05

0.02

3.00 0.35
6.67 0.45
20.01 0.21
60.04

Z $h 11

3.55Hz thi; B @ * 2% &

B i A 85% (4 %

4-16)

% 4-17 & & 4 216 # B & A 45 (EMD)S # %

Zero Extrema Mean Freq. Mean Period
Channel Power (%)
Crossings Counts [Hz] [sec]
IMF_h1 646 323 10.78 0.09 9.38
IMF_h2 219 109 3.66 0.27 82.87
IMF_h3 115 59 1.93 0.52 6.69
IMF_h4 72 35 1.22 0.82 0.77
IMF_h5 36 18 0.62 1.62 0.17
IMF_h6 17 9 0.30 3.34 0.08
IMF_h7 8 4 0.15 6.67 0.05
IMF_h8 4 1 0.08 12.01 0.00
IMF_residual 0 0 0.02 60.04

SH# £ 1 3.26Hz ehiF * sk &

AP W B R M %

F §¥_ 82.87% (4 % 4-17) o

P B K M o §
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