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Waveform similarity and its application to the vertical force signals
analysis on rolling manipulation

ZHANG Dan-song', LU Jie!', FANG Lei’, XU Shi-xiong', FANG Min* (1. Department of
Mechanics and Engineering Science, Fudan University, Shanghai200433, China; 2. Yueyang Hospital of Inte-
grated Traditional Chinese and Western Medicine, Shanghai University of Traditional Chinese Medicine, Shang-
hai 200437, China)

Abstract; Objective To raise a quantitative indicator for the waveform similarity between different signals of the
same kind and apply it to the analysis on the vertical force signals from the rolling manipulation. Method  After
two signals of the same kind were normalized and their waveform errors were analyzed, the waveform similarity,
which was to be utilized to describe the extent to which two signals were similar to each other, was defined.
Then, the vertical force signals of the rolling manipulation operated by several experts, graduates who have learn-
ed the manipulation for some time and beginners were measured, respectively. Subsequently, the values of the
waveform similarity between the three different groups of signals were calculated. Results The similarity be-
tween the experts’ signals was relatively high, so it was reasonable to be used as a template for other operators’
signals to be compared with. Further calculation revealed that the waveform similarity between the experts’ sig-
nals and the graduates’ was generally lower than that between the experts’ , and the similarity between the ex-
perts’ and the beginners’ was the lowest. There was significant difference between the three groups. Conclu-
sions The waveform similarity raised in this paper could serve as a quantitative indicator for the similarity be-
tween different vertical force signals from the rolling manipulation, and this method was also applicable to the sim-
ilarity evaluation between other approximate periodic signals.
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Tab.1 The similarity of the vertical force signals from the rolling
manipulation operated by the graduates and beginners with the
signals of the experts as templates

LR 1 LR2 LK3 FHE
g 1 87.27 90. 59 90. 47 89.44
g 2 77.90 82.65 80.54 80.36
oA 3 80.26 84.29 82.20 82.25
gk 4 86.26 90. 54 87.58 88.13
Wi s 83.00 87.64 84.90 85.18
g 6 89.41 91.65 91.80 90.95
HZHFH 1 73.71 78.85 74.30 75.62
EIE ) 77.58 83.18 79.69 80. 15
%3 70.18 73.15 70. 61 71.31
WIEEE 4 70.26 74.61 71.10 71.99
EIES 2] 72.40 76.97 73.33 74.23
W% 6 63.31 66.99 63.90 64.73

BURs 3 52 % 5 W T (] FR) BT A R BE i
91.51% ,93.72% ,93.65% JH %4 1,% 1 # 6 i
BRFE A SP3BT %4 2,6 (b2 P HEIR o 3k
3, X3 ABIRK ¢ A RINE 2 PR,

R2 HAI123FH RBER
Tab.2 The results of #test among array 1,2 and 3

ALY BH1E ¥H25
B 2 ¥4 3 B3
P 0.0150 0.000 2 0.000 3

K2 TR t ERASR P <0.05, AT LA
BRI R Z I8 M HE LN BE | & A 5 A 2 [8] ) A
AR B XM AE Z MMLE=EF BEER,
BRI R, XU EREMERZ, &
ZFA A IR BE B ik X TP, WHIE A2 A 2
FRTFEMTRM R ZHE, W28 TFER
ZH A TR R, R AT G KRB OL o

3 HFwhiit

AR SO B P AR (5 5 1 e L, 3R T —FhPF
WRIALES Z [0 A BEAR LR R s ——
FEARIEE RN T B HRIE SRR MR EAE AN
RS MU T SR R, L RKIH B BEAH
AR R M —BE . IR KRGS A, 5
B2 $RIE — B [ (B R Ml 25 1) D552
FTECH, R T I AR BE FE AR REAS [ IR IR EE
EERIKFER . BT 3 AT KB
P, 2 T TR b = 18] X 4 AL BE B diE S 91.51%
93.72% F193.65% , 7] LI JEHEFIIX 3 L& R
FEARIBER 2] 91. 5% 05— R St 2
BEFBIBEERM—DNERSEER, WA
IFEMEEFEN BRI S BAHISE .

A AU R R EAR A RS 8EAT T A AR
ABERTSE , 18 7T L R B 7 3k B e BV B T AT
RIEN HABR B M55 5 M RARHESS 5 AR LEE,
WP LR =BRSS5, SEREMEHIE
SEEmMRIREREE ST KKK FER,
IR —RAG5 5L FIM R BERAR, B 16 T At
TEIX— 75 T AH L B 21 I, A S 12 30 Bk 2l
PREESR . B THAARS HEE TR RE S
WEA SIREIE SR MR, 7T 228 A3
R A BRIPTEAR R BRI LR S, BET
12 — AR L PR R R R R 2%

SEHk:

[1] Zg, BOF, 55 Bk FRuiemaiEzEsS R
Z[J]. FHERZE, 2006, 19(4) :79.

[2] B, mEH. BRPEREFEAEANEZEME[J].
WRTHEE, 2009, 29(3) :242-243.

[3] Rz, TEHE, 2EH, % B308ES QRS FIEAAR
EftnmEEE k], R EKEIRES, 2006, 10(21) :119-
121.

[4] k3, ™ot CHESHESHEXEAII]. BREESE
26 TR 2008, 21(3) :287-290.

[5] FEJi, AER, BB, 5. HT Biclustering 1y B Z54E %
RAOIJI]. AN, 2010, 36(11) :241-243.

[6] Z=%, WA, k&4, 5. ICA FEMLR (S 540 39 5 A
WaE[J]. BleeHRE TH#, 2010, 10(9) :2057-2060.

(T#% 149 W)



