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Abstract

Abstract - The purpose of this study is to determine optimal filtering condition and threshold for the detection of gait-cycles for various
walkway slopes as well as gait velocities. Ten young healthy subjects with accelerometer system on thigh and ankle walked on a treadmill
at 9 conditions (three speeds and three slopes) for 5 minutes. Two direction signals, i.e. anterior-posterior (AP) and superior-inferior (SI)
directions, of each sensor (four sensor orientations) were used to detect specific events of gait cycle. Variation of the threshold (from -1G to
1G) and lowpass cutoff frequency (fc) were applied to the event detection and their performance was evaluated according to the error index
(EI), which was defined as the combination of the accuracy and false positive rate. Optimal fc and threshold were determined for each slope
in terms of the EI. The optimal fc, threshold and their corresponding EI depended much on the walkway slope so that their coefficients of
variation (CV) ranged 19~120%. When all data for 3 slopes were used in the identification of optimal conditions for each sensor, the best
error indices for all sensor orientations were comparable ranging 1.43~1.76%, but the optimal fc and threshold depended much on the sensor
position. The result indicates that the gait-cycle detection robust to walkway slope is possible by threshold method with well-defined filtering
condition and threshold.
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Table 1, Physical characteristics of the subjects
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Table 2, Test velocities for each gender

males(n=5) females(n=5) velocity [km/h]
age [year] 25.8+1.64 23.2%+1.10
males 2.9 4 5
height [cm] 174.2+2.6 160.6+5.9
weight [kg] 77.2+7.8 57.8+8.5 females 27 3.7 4.7
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Fig. 1. Gait-signal measurement system
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Fig. 2. Organization of gait-signal measurement system
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Fig. 3. Method of treadmill experiment
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Table 3. Mean and variation of optimal fc, threshold and EI under various walkway slopes: mean (CV)

fc threshold El
hip_Sl 1.87Hz (24%) 0.05g (120%) 1.15% (36%)
hip_AP 1.67Hz (19%) 0.12g (41%) 1.50% (28%)
ankle_S! 4.27Hz (20%) 0.39g (97%) 1.11% (32%)
ankle_AP 2.27Hz (52%) 0.189 (94%) 0.97% (28%)
mean 2.52Hz (28%) 0.189 (88%) 1.18% (31%)
B4, M K| ZAL AL E BF D2 AR, &M AT aleet 9R|, QAKX S, FEE, EFEHA 02|10 QAEE

Table 4, Optimal fc and threshold, El, accuracy, SD.c.. and FP considering all three walkway slopes

fc threshold El accuracy SD... FP
hip_Sl 2.2Hz 0.04g 1.48% 99.92% 0.84% 0.44%
hip_AP 1.5Hz —-0.099 1.76% 99.89% 0.63% 1.00%
ankle_Sl 5.0Hz —0.44g 1.48% 100.20% 1.77% 0.08%
ankle_AP 2.4Hz 0.22g 1.43% 99.86% 1.32% 0.09%
mean (CV) 2.8Hz (55%) -0.779 (187%) 1.54% (10%) 99.97% (40%) 1.14% (39%) 0.40% (108%)
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Fig. 4. Errorindex for each walkway slope when the optimal parameters for level walking were applied
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