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In statistics, Entropy is a measure of time series disorder. Entropy is used in physiologic signal
analysis. In physiologic science, Entropy is used for performance analysis of body organs such as
heart and brain. Epileptic patients have been diagnosed with this technique. In this paper for the
first time, Entropy is used to determine the health condition of mechanical systems. A special kind
of Entropy, namely Permutation Entropy is used for this purpose. To perform the experiment an

Keywords: . . .

pemutaﬂon Entropy apparatus consisting of a motor coupled with a shaft has been designed and manufactured.
Time Series Vibration signals from support bearing of this system in different shaft states, namely healthy
ANFIS shaft, and shafts with 3, 5 and 7 mm crack were gathered with a vibration data analyzer. The

Transverse Crack

. vibrations were taken from sensors mounted on bearing supports of the shaft. Shaft was
Rotating Shaft

subjected to a constant bending moment. The vibration signals were preprocessed by
permutation Entropy method. Nine different features were extracted from the Entropy signals
which are fed to an Adaptive Neuro Fuzzy Inference System (ANFIS). The designed ANFIS was
capable of classifying different shaft states with an overall precision of 96%.
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2- Coarse grained
3- White wave

4- Mamdani

5- Sugeno
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6- Reduced gradient algorithm

7 o)lesis 15 093 1394 Mo P de Sl swadye

IS g 00 oo)jT WOrH PLUR NG SR L W 7 IS o aS o Sl )
el Y iy LSl Gl > SO
olST ol ails Byl Sugeacy g atils Ar jl Sugac x S (1 4
fl=plx+qly+rl
oSS asly aidlo Bz 5l Suguac Y g axils Az 5l Suguae X S1(2 eils
f2=p2x+02y+r2
aS Sl @lm):.,o\)g {p:,q; 1} 9 531 slracgoza Bi g Ai YL yuilsd jo
Sy oo o o] 5,50 40 laa
Sy a¥ cnl 4 (LS5 sy (Lssgy ¢iles;B) sl Y
G SRy, Cugas jlaie o Cwl hgae il s Y pllaisd
b S5 53, 5l w09 ee amlxe (16) abaly Gb (b ]
b yall Wb rnl )0 09b 00 a3l wn J2lhe sl (551 bacgas
0,, = MA.(X) d=12
0,, = ,LLB.(X) =12 (16)
OO0 b oo gae Slile sl 4 @l ol 0gdoe 00 )1 4 dsgecns
Cugac 4,0 Glae 4 |, SO U jao o go0e degamme G 0 osld
LQQT Sy g 0g M&u f}!w @‘9.: u." ..brfso ).Ja.u 5 >osld QT 6‘)"
Wloas olo! Lyl i Q.g" L ol é.»‘y b Q] 3 Glacgeme 1) g9
. . 2 =. 1 = .
g g0 ooliiusl (18)7 glalgSs; b (17) 7 wsS o 51 Ygare Iy

‘u:exp<_(x_—c)2> stﬁfé_’b

>9,~(1)

SYA(x — X)?

(17)

H= (0| 2P

SleSS; b (18)

a
3 .

9 G{b...’a.: LSL“’):*A‘)L.’, |) s; ={a,b,c} LSL“’J:-‘")L.’, (5-4) 9 (4-4) é:‘y 3O
Lol (595,55 eSSkee X 9 (6999 X

onle €alaey Shae a azg b aY cpl jo (656 zbcsl) pgo aY
Copde Jake oy boabl, ja psde (5 ol pode dlex
352 > w = p, (Ju, () 1 =12 (19)
g ol opd e )3 & Sl S8 Y Coghe @y (29,5 Hpy 9 Hay
e, (¥) 5% Cugae az ;o g, (%) aaly cpl o S5l |y Y (pl (29>
Sl Yy Coguac a0

Aty 4 pgd aY Al e 5l sawl Cawas polie (20) alal, o lpgw Y
795 e Wi 1 55 tllagyjs Esezme e oy 5l S y0) S5 e

W;

73,73 = wi = w; +w, (20)

O b S 5 So Y Gl (e a4 iy pelas) plez 4
Soyet T & 5 odd dwbre odel Casay lbagyyy g sssys
(21) wigs lag Wb s oS 5 ol sla sl b

@) > wif =wpx+qy+1) (21)

1- Gaussian function
2- Bell function
3- Adaptive Parameters

36


https://dorl.net/dor/20.1001.1.10275940.1394.15.7.10.8
https://mme.modares.ac.ir/article-15-1164-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-03-20 ]

[ DOR: 20.1001.1.10275940.1394.15.7.10.8 ]

ol 9 Ls,_;l'; SJI9S S yq0

o] aSah 9 B wlilie 3U (29,5 Jl o 3Lkl by )lgS H9==o S 3 Gas MRS 95 (AbY)

ool b e (gulgaiinb -2-5
e by )3 ¢ omgioS gy 4 Geid nl o b, I 4 il 4
3 owled oloul aSlils cpl o Canl jho ax 0 (655 g £o3 5l 5 ould ol
53 6B Zliwl g o5l b lawgs 7«@[5 SudigSD g,
slomsl (63 acgare 4 b glaSs K kD ali 5l SaS b 5 0ids bl
2l g e WS e el |y Al uiled dadcgese Slass Ll 0ull
witlygn st £ ) S Cupde ey s 23y o5 4 i
Do ge alimMe 9 JKE 13 ol 535 g sloaSd 5l aF aSod ol L
25 Saghe g eaims LS5 glayell i cel b el
S50n &g ol IS e Calgs

a8 w1l Slayye (Slos i b (556 At et e
S o o 29> AY )0 (395 sl Sl i e @b
el dlne 3955 (23) alaly yloe Cond 4 (zen aY sy s
[20] sos o Lt 1, Uas lay o

11 11
RMSE = jﬁzn(e")z - \/Zzn(a"_b")z 23)

sanaib 4 el sl Bun g (Hly lezsS S wbig @
11 510 Gla S o sow aib glas Jlade g (wodsl Jiolesl slaosls

Uas Slapo (puSiln din) ool Cawd 4 polie 4 dxg5 b digd oo oaud
ssalie hB Cogac ol o jloges 12 S o .ol 013094 i,
Ssel L BB 1) Cugas @l cr S laylogal oSS cal 5o o
NA 82 slayally 23U cod jeimsy slayally o5 gl o 5 oS
Pigal sl an ) Cogae lg (Sbl sles Cunly Coons (sl logas . silats K5
"S55 ¢ 45 W (glae @i 4 Sl b MF(D) e oo (LS a5
plie 3Bl jgome 355 co aliodle IS8 50 85 jsbplen s o Jlacl Lo
abgye Sy o 0ol o Cugas lade (G50 jeme g JLSew o S

REX S AR

ol @l (5,1 -3-5

6 Jouz o &5 11u5'°l*5‘*3-é‘ o ile 5l s 5 a4 el el b5l sl
SO il 8 5 Ao M o ools STl puiS o oolatnl 0gui o 00y
i &S Sl cpl Jlosl cdlo el MXM o5lail b Jga lacél s 5ile
g ad S 13 osle Lol Jhd gg, Slaaline 4 ldwe gleosls ol
sl o 4 o35 b o ke

oo,y Cugas mlo g5l g5l

059 pebais
L‘”&;’:‘BP 4

o5 wly 4

7- Fuzzy C-means clustering

8- Generate fuzzy nference system (genfis 3)
9- Anfis

10- Root mean square error (RMSE)

11- Confusion Matrix
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3- Geomean
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4- Soft computing
5- Hard computing
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1- Specificity
2- Precision
3- Sensitivity
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