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Energy analysis of rolling manipulation force signal based on
wavelet transform

LV Jie', CAO Jin-feng', FANG Lei’, MA Long-long', ZHANG Dan-song', FANG
Zhou', XU Shi-xiong', FANG Min’ (1. Mechanics and Engineering Science Depariment, Fudan Uni-
versity, Shanghai 200433, China; 2. Yueyang Hospital of Integrated Traditional Chinese and Western Medicine,
Shanghai University of Traditional Chinese Medicine, Shanghai200437, China)

Abstract. Objective To analyze the energy of rolling manipulation in different frequency bands and find the fea-
tures of rolling manipulation dynamics. Method The force signals of rolling manipulation of six experts and six
beginners were measured and divided into different frequency bands by wavelet transform to calculate the energy.
Through statistical analysis, 18 characteristic quantities of horizontal force or vertical force were created and the
overall evaluation coefficient R was proposed. Results About 70% of experts’ rolling manipulation energy was
found in 0 ~0.406 25 Hz and about 20% energy in 1.625 ~3.25 Hz. The overall evaluation coefficient -R of 6 ex-
perts was over 0.70, while R of beginners was below 0. 70, which showed the difference was significant. Conclu-
sions The energy distribution of rolling manipulation reflects the characteristics of softness and periodicity. If the
rolling manipulation is in accordance with the manipulative requirement and the overall evaluation coefficients R is
over 0.70, it could be said that the operator masters the rolling manipulation well.
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Tab.1 Frequency bands of wavelet decomposition

T MY/ He
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Fig.1 The reconstructive waveform of each scale wavelet cosfficient after wavelet decomposition of Yan’ s rolling manipulation force signal
(a) Under vertical force {(b) Under horizontal force
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Tab.2 The characteristic quantities of experts’ rolling manipulation force
fis W R IR B BE  BAWMX  HARERS  95% BREXM
E, 0.0000* 0.0000* 0.0000* 0.0000" 0.0000" 0.0000" 0.000 0 0.000 0 0.000 0
E, 0.0001* 0.0001* 0.0001* 0.0001* 0.0001* 0.0001* 0.000 1 0.000 0 0.000 1
& E; 0.0010* 0.0012* 0.0012* 0.0011* 0.0009* 0.0007 0.001 0 0.000 2 0.000 8 ~0.001 2
% E, 0.0086* 0.0036* 0.0184 0.0115* 0.0075* 0.0052* 0.009 1 0.005 3 0.003 6 ~0.014 7
% Es 0.0529* 0.0184 0.0617* 0.0739 0.0221* 0.0380" 0.044 5 0.0222 0.021 2 ~0.067 8
% Eg 0.2312* 0.1423* 0.1438* 0.2263* 0.3098 0.1665" 0.203 3 0.065 2 0.1349~0.271 8
fa E; 0.0442* 0.0292* 0.0190* 0.0049* 0.0489* 0.0527* 0.033 1 0.018 8 0.0134~0.052 9
Eq 0.0143* 0.0167* 0.0170* 0.0048 0.0239 0.0093" 0.014 3 0.006 6 0.007 4~0.0213
E, 0.6476* 0.7885 0.7388* 0.6774* 0.5867 0.7277* 0.694 5 0.072 1 0.6188~0.770 1
E, 0.0000* 0.0000* 0.0000* 0.0000* 0.0000* 0.0000* 0.000 0 0.000 0 0.000 0
E, 0.0001* 0.0003* 0.0012 0.0004" 0.0001* 0.0001* 0.000 4 0.000 4 0.000 0 ~0.000 8
7K E; 0.0012* 0.0051* 0.0137 0.0049* 0.0010* 0.0017" 0.004 6 0.004 8 0.000 0 ~0.009 6
E E, 0.0154* 0.0186* 0.0677 0.0262* 0.0106* 0.0075* 0.024 4 0.0222 0.001 0~0.047 7
E Es 0.0626" 0.0201* 0.0836 0.0440" 0.0322" 0.0273" 0.0450 0.024 1 0.0197~0.070 3
4/’% Eg 0.3139 0.1689* 0.1511* 0.1049 0.2366"* 0.1987* 0.1957 0.073 0 0.1191~0.2722
% E, 0.0575* 0.0333* 0.0121* 0.0060 0.0388* 0.0671 0.035 8 0.024 1 0.010 5 ~0.061 2
Eq 0.0143* 0.0151* 0.0134* 0.0134* 0.0213 0.009 2 0.014 4 0.003 9 0.0103~0.018 6
Eg 0.5348 0.7387* 0.6570* 0.8002 0.6594* 0.6884* 0.679 8 0.089 4 0.5859~0.773 6
R 0.89 0.89 0.72 0.72 0.78 0.83
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Tab.3 The characteristic quantities of beginners’ rolling manipu-
lation force

— - = ol H N

E, 0.0000*0.0000*0.0000*0.0000*0.0000*0.0000*
E, 0.0001*0.0001*0.0000 0.0000 0.0001*0.0001°*
E; 0.0016 0.0016 0.0001 0.0002 0.0008 0.0007
E, 0.0048*0.0030 0.0011 0.0014 0.0039%*0.0042*
Es 0.0096 0.0078 0.0224*0.0135 0.0161 0.0156
Eg 0.0073 0.0037 0.1036 0.0920 0.0375 0.0348

R I

E; 0.0028 0.0023 0.0089 0.0351*0.0053 0.0040
Eg 0.0025 0.0028 0.0048 0.0049 0.0021 0.0032
Ey 0.9714 0.9786 0.8591 0.8530 0.9341 0.9375

E; 0.0000*0.000 0*0.000 0*0.000 0*0.000 0*0.000 0*
E, 0.0004%0.0004*0.0003*0.0002*0.0005*0.0005*
E; 0.0060*0.0056*0.0045*0.0038*0.007 5*0.006 7*
E, 0.0259%0.0275*0.0372*0.029 7*0.038 3*0.037 8*
Es 0.0644* 0.0741 0.1250 0.1193 0.0650*0.061 9*
Es 0.1738%0.1291* 0.0592 0.0684 0.0124 0.038 6
E; 0.0335*0.0119* 0.0075 0.0146* 0.0055 0.008 7

s s

Eg 0.0059 0.0050 0.0040 0.0073 0.0016 0.0027
Ey 0.6900%0.7464*0.7624%0.7568* 0.869 1 0.843 1
R 0.61 0.50 0.39 0.4 0.50 0.44
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