pISSN: 2287-5891

e = AAIgts 018t %%? as d=tz gy 71y 257
oi.or

Accuracy Improvement Methode of Step Count Detection Using
Variable Amplitude Threshold

Uk Jae Ryu" - En Tae Kim™ - Kyung Ho An™ - Yun Seok Chang™

ABSTRACT

In this study, we have designed the variable amplitude threshold algorithm that can enhance the accuracy of step count using variable
amplitude. This algorithm converts the X, y, z sensor values into a single energy value(E;) by using SVM(Signal Vector Magnitude)
algorithm and can pick step count out over 99% of accuracy through the peak data detection algorithm and fixed peak threshold. To prove
the results, We made the noise filtering with the fixed amplitude threshold from the amplitude of energy value that found out the
detection error was increasing, and it's the key idea of the variable amplitude threshold that can be adapted on the continuous data
evaluation. The experiment results shows that the variable amplitude threshold algorithm can improve the average step count accuracy up
to 989% at 10 Hz sampling rate and 99.6% at 20Hz sampling rate.

Keywords : 3-Axis Acceleration Sensor, Peak Threshold, Amplitude Threshold, Step Count Detection Algorithm
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Table 1. Output Signals Depending on Sensor Orientation
1 2 3 4 5 6
L ] [ ]

Sensor Orientation :

(gravity vector {}) upright | ﬁi_ﬁ_ 1
. .

Output Signal x Og / OLSB 1g/256L.SB Og / OLSB -1g/-256L.SB Og / OLSB 0g / OLSB
Output Signal y -1g/-256L.SB Og / OLSB 1g/2561L.SB 0g / OLSB 0g / OLSB Og / OLSB

Output Signal z 0g / OLSB Og / OLSB Og / OLSB 0g / OLSB 1g/256LSB -1g/-256LSB
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Fig. 2. 3-Axis Accelerometer Sensor’'s
X, ¥, z values(16g range)
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Fig. 3. Result of SVYM Operation
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Table 2. Average Step count detected by Fix Peak Threshold
Sensitivity 2g 4g 8g 16g
Sampling
Rate Peak SloW Nom.lal Jogging SloW Nom.lal Jogging SloW Nom.lal Jogging SloW Nom.lal Jogging
Threshold | Walking | Walking Walking | Walking Walking | Walking Walking | Walking
1.050 85.75 74.25 39.19 82.19 70.06 3175 79.19 67.50 42.25 66.25 59.38 38.06
1.075 79.25 70.13 36.81 74.50 66.63 35.69 73.44 65.88 40.63 62.13 5813 3763
1.100 72.00 67.63 35.69 67.75 65.31 34.81 64.25 64.06 39.31 59.19 56.25 36.88
S5Hz 1125 66.00 64.69 35.56 60.19 63.25 34.56 60.88 62.81 39.13 56.44 50.56 36.13
1.150 57.94 63.06 35.31 53.38 60.38 34.31 49.44 60.63 38.75 45.50 52.81 36.06
1.175 50.81 60.63 35.06 47.94 58.00 34.13 44.19 58.38 38.44 3775 49.88 35.81
1.200 44.31 57.81 34.75 41.56 95.75 34.06 39.00 56.69 38.19 34.25 4725 3513
1.050 11290 | 109.38 | 10881 | 11045 | 10850 | 107.78 | 11563 | 107.30 | 10633 | 11013 | 106.23 | 105.88
1.075 105.00 | 10221 | 10355 | 10420 | 10323 | 103.03 | 10820 | 104.88 | 104.35 | 10518 | 101.98 | 103.20
1.100 101.90 | 100.81 | 10212 | 101.78 | 101.78 | 10225 | 10245 | 10115 | 101.58 | 99.13 9778 | 101.70
10Hz 1125 99.55 99.76 | 10150 | 9893 | 10083 | 101.95 | 100.28 | 10028 | 101.18 | 98.10 97.00 | 101.50
1.150 96.00 9876 | 10114 | 95.25 9953 | 10170 | 9455 9890 | 101.00 | 94.65 95.30 | 101.23
1175 91.62 9743 | 10069 | 90.20 98.30 | 101.60 | 8818 9755 | 100.85 | 92.60 9325 | 101.13
1.200 85.43 95.38 | 10026 | 8453 96.80 | 10145 | 8378 95.78 | 100.80 | 89.05 89.00 | 100.83
1.050 12283 | 11319 | 11244 | 11969 | 10919 | 10906 | 11781 | 11081 | 111.06 | 11375 | 102.38 | 110.25
1.075 10819 | 104.25 | 10500 | 10813 | 10319 | 101.31 | 110.50 | 108.38 | 10469 | 10831 | 10213 | 107.94
1.100 10456 | 102.81 | 103.00 | 10469 | 101.69 | 99.38 | 103.75 | 101.81 | 10244 | 10581 | 101.38 | 103.63
20Hz 1.125 10294 | 10213 | 10213 | 10244 | 10144 | 99.06 | 10344 | 10163 | 102.00 | 105.00 | 101.31 | 103.50
1.150 101.00 | 101.25 | 10181 | 99.00 | 101.19 | 9894 9844 | 101.00 | 101.69 | 9650 | 100.63 | 103.38
1175 9731 | 10069 | 10163 | 9456 | 10100 | 93.69 96.75 | 100.75 | 10156 | 86.06 | 100.25 | 101.88
1.200 9256 | 10044 | 10144 | 90.00 | 100.75 | 98.69 9356 | 10050 | 101.50 | 8238 | 100.00 | 101.56
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Table 3. Average Amplitude of Step count detected by Fix Peak Threshold

Sensitivity 2g 4g 8g 16g

Sampling
Rate Peak Slow | Normal Slow | Normal Slow | Normal Slow | Normal

Threshold | Walking | Walking Jogging Walking | Walking Jogging Walking | Walking Jogging Walking | Walking Jogging

1.050 0.39 0.59 1.68 0.40 0.62 219 0.37 0.65 213 0.46 0.74 2.22

1.075 041 0.61 1.76 0.42 0.65 2.30 0.38 0.66 2.21 048 0.75 2.24

1.100 043 0.62 1.80 0.44 0.65 2.35 0.41 0.67 225 0.49 0.76 2.28

5Hz 1.125 0.45 0.64 1.80 047 0.66 2.37 042 0.68 2.26 0.50 0.77 2.34

1.150 047 0.64 1.81 0.49 0.67 2.38 0.46 0.69 2.28 0.54 0.78 2.35

1.175 0.50 0.66 1.82 0.51 0.69 2.39 0.48 0.70 2.29 0.59 0.81 2.36

1.200 052 0.67 1.83 0.54 0.70 2.39 0.51 0.71 2.31 0.63 0.83 240

1.050 052 0.74 1.59 0.61 0.77 2.05 0.56 0.82 211 1.16 0.79 214

1.075 0.55 0.78 1.66 0.64 0.81 213 0.59 0.83 2.15 1.20 0.81 2.19

1.100 0.56 0.79 1.68 0.65 0.81 2.15 0.61 0.85 2.20 1.23 0.83 222,

10Hz 1.125 0.56 0.79 1.69 0.66 0.82 2.15 0.61 0.86 2.20 1.23 0.83 2.23

1.150 057 0.80 1.69 0.67 0.83 2.16 0.63 0.87 2.21 1.24 0.84 2.23

1175 0.58 0.80 1.70 0.68 0.83 2.16 0.65 0.87 221 1.25 0.85 2.23

1.200 0.60 0.81 1.70 0.70 0.84 2.16 0.66 0.88 221 1.27 0.87 2.24

1.050 0.55 0.77 1.78 0.54 0.82 241 0.59 0.83 242 0.56 0.90 245

1.075 0.61 0.82 1.89 0.59 0.86 2.56 0.62 0.85 2.54 0.58 0.90 2.50

1.100 0.63 0.83 1.93 0.61 0.87 2.61 0.65 0.89 2.59 0.59 0.91 2.59

20Hz 1.125 0.63 0.83 1.94 0.62 0.87 2.62 0.66 0.89 2.60 0.60 0.91 2.60

1.150 0.64 0.84 1.95 0.63 0.87 2.62 0.68 0.89 2.61 0.61 0.92 2.60

1.175 0.65 0.84 1.95 0.65 0.87 2.62 0.68 0.89 2.61 0.64 0.93 2.64

1.200 0.67 0.85 1.95 0.66 0.88 2.62 0.69 0.90 261 0.66 094 2.65
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Fig. 4. Variable Amplitude Threshold
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Table 4. Average Step count detected by Variable Amplitude Threshold
s " Sensitivity 2g 4g 8g 16g
agl;[;ng Peak Slow | Normal Joggin Slow | Normal Joggin Slow | Normal Joggin Slow | Normal Joggin
Amplitude Walking| Walking eeing Walking | Walking eeing Walking| Walking eeing Walking| Walking eging
10120 76.81 95.67 | 100.19 | 73.95 96.40 | 101.70 | 81.08 96.45 | 10098 | 91.25 91.93 | 101.33
1.100
Variable Amplitude 100.50 | 100.12 | 100.69 | 100.93 | 100.98 | 100.63 | 100.85 | 10048 | 100.28 | 97.73 96.70 | 100.43
1325 76.48 95.55 | 100.12 | 73.60 96.13 | 101.65 | 80.68 96.20 | 100.85 | 91.00 91.78 | 101.18
10Hz 11'25
Variable Amplitude 960 | 9948 | 10055 | 9848 | 100.33 | 10055 | 99.13 | 99.75 | 100.15 | 96.88 | 96.15 | 100.38
10120 75.95 95.19 | 100.02 | 73.10 95.43 | 101.50 | 79.78 95.68 | 100.75 | 89.70 91.13 | 101.05
1.150
Variable Amplitude 95.43 98.60 | 100.38 | 94.93 99.13 | 10045 | 93.88 98.65 | 100.10 | 93.95 94.78 | 100.28
10120 91.94 | 100.81 | 101.88 | 91.56 | 101.13 | 9894 | 96.25 | 100.63 | 102.00 | 81.31 | 100.50 | 101.56
1.100
Variable Amplitude 101.31 | 100.69 | 99.75 | 100.69 | 101.06 | 97.56 | 100.75 | 100.38 | 99.44 | 9894 | 100.13 | 99.06
1325 91.81 | 10069 | 101.63 | 91.06 | 101.13 | 9888 | 96.13 | 10063 | 101.94 | 81.31 | 100.50 | 101.50
20Hz e
Variable Amplitude 101.19 | 10063 | 99.44 | 100.00 | 101.13 | 9750 | 100.81 | 100.31 | 99.63 99.25 | 100.19 | 99.13
10120 91.31 | 10050 | 101.56 | 90.00 | 101.06 | 98.81 94.13 | 10056 | 101.69 | 80.50 | 100.31 | 101.44
1.150
Variable Amplitude 99.50 | 10050 | 9944 | 97.81 | 10081 | 9750 | 97.31 | 100.25 | 99.81 9456 | 100.13 | 99.19
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