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Research on equipment condition monitoring of smart power plant based on big
data analysis

WANG Jianshe, LI Kui, YIN Wei, ZHENG Bin, XIA Chenyang
(GCL Coastal Power Generation Co., Ltd., Yancheng 224000, China)

Abstract: In order to improve the operation reliability and safety of smart power plant equipment, a smart power
plant equipment condition monitoring method based on big data analysis is proposed. The wireless sensor is
used to collect the vibration signal of smart power plant equipment. The vibration signal is decomposed by
wavelet packet to obtain the energy value of sub frequency signal. The ratio of sub frequency signal energy
to total energy is input into the least squares support vector machine as a state feature vector to complete the
abnormal state classification of smart power plant equipment, and the improved ant colony algorithm is used to
optimize the classification process, Obtain the best equipment condition monitoring results. The experimental
results show that this method can effectively extract the signal spectrum under different equipment states, and the
equipment state monitoring results are highly consistent with the actual equipment state results; The application
of this method can greatly improve the operation safety and reliability of smart power plant equipment, with high
customer satisfaction.

Key words: big data analysis; smart power plant; equipment condition monitoring; improved ant colony algorithm;
support vector machine; the energy value

0 3|7
5| &, MRAERT B DY HEREE, ARa
BEE DI, KRB R R R PRI R P e 4 J R 5, B AR T B ) 4

28 | @ 5l - 2022 E 415 E3E]



T KB s B 8 S ) B Ak A N IO e

KRBT, A 2w 5 S8R R
(% e & AL AR,

LT, TR £ R bR T A E N i
Hjﬂﬂﬁiibﬁiﬁ%, X LE R G| e S A b,

RE Se b R LA TR, 0 8K 2 1 1™ T A S T 22
HM%MO%%%Fu%%§KMT%HﬂWﬁ
LA R B B TAERLRE , bh BhZE & A B3 S7 A%
W R R AL, R, AR R
Zisfrie i REE,

ULAR R T ) B A IR A M B A 1 i
JE B B N SIS B . SCRk[A1RF 22 R 2% T
i T8 P R AR RE M T 7 F*Tﬁ%rﬁ%
%*“Mﬂ+,ﬁﬁ%§& o A B R HE AT 5%

P, HEREERE TE 0. SCERISIM R
A%Fu%%**ﬂﬁ%m LEZ 3 3y KA
o B T iR AR, (HI SR A,
SBO A RE LI SR 2

KRB B A S DL R 4 YRR ALE
i e (5 B 2 KB o Brdsdim, wT LA Ao
M PA O ERE R, FIH KK 520 e 42
1 AT S U e R A, S FRRE L (Support
SVM) & —Fhor 2K R 5 T A,
I TGt S I A ok, mT ) 5 A AR

Vector Machine,

/IMEBRR EIZ AL BE D BI3RTH, EAF b AL PR £
Pe. DA JRER /N R SE RS, B/ IR SRR IR

&#L (Least Squares Support Vector Machine,
LSSVM) JEfESVMI Al EdkfTeledt, $27F 7K
i P R M ST B, R R b T AR ]

BER 2 AR R R B A R A M AR R AR A 1]
B, A SRS 4 T R B 4 AT Y8 B0 ik Ak
AWM, AT AR SR, SEEUR R IR
R BN T,

1 REHESITHEA

33 B/ 3 I LU ) e
REUEAT %, KIB A RH ARSI, I HA
PR B BURE S 1o 2T B, SRR B 1
R 25 M 5 R

www.eage.com.cn

R 3

Application Research |

T FEE

LSSVMEIMR AR h: {x, 0} Fmn Al
g R ARA, Hd, DI A RS REREAR
A4, LA IREREA X eRYEAR, &
REMA HAREHy eRitiiR . AR ERK R
B, B R AR WS 6 Ko O F{x, ) ok 5 5]
EAERRAEZS ], 2R R SR R B A

y(x)=0"p(x)+b (1)

X, weR"AmE; #Mite(): R">R"M4xeR"
B PEREZE R s b E R,

e /N SRR AR AR 2 KR

1.1 &/h=

. 1 1 &
min w’{’e(w, e) = 5"”"2 +E ?/,Z:l: e

submit y, =w'p(x, ) +bte,i=12,,n
b, e eRAIFED & y HIENLSEL,
T fe /A SRR I LAY LA [R) i,  HCAH
FLHIHL A% B H R A A

L(w,b,e;a)=%afa)+%yzn:ef -

Za{wco
K, aeRAPIMBIAFET, i=1,2,-, n
HELMo. b, e. afffmSHIMEAH0, Tk
ek (3) , fftEh

6L
=0—-w=) «a,
ow - ,Z‘ (p

0—>Za—
i=1

a—L—O—wx e
Oe, A

OL
6a

{iibRo Se/% RIS AR T R o 50

0o I bY (0
WG e
1, Oty I,\@) \V

Ao, 1A BB RE o] A Bk B
HkF; Q=[Qy], ijzﬂﬂ(xk)T(/’(Xj), k. j=1,2,--,
n; y:[yl’ Yor 0ty yn]Tc

(3)
+b+e, —y,}

(4)

=0—-0'p(x,)tb+te—y, =0

a=la,az

202238 - i bl | 29



RRAWHE |

Application Research

HFMercerZisk, BB AN
k(xk,xj):(p(xk)Tgo(xj) (6)

F3aRAF B /N A FE R AL P, 55
HillabbryfE, %A THEA(5) 5(6) kG,
B R

y(x)=zn:aik(x,xi)+b (7)

12 MHWEEE

) ke i ISR B s TR A o i de /1y 3 S vl
L, R v R A M B R R W v s Y,
TEORL L JRUEE Ay« St D g e S ML 3 A [ A Y
KB, R EERERRANRER L, EHE
2, FEEKER FNEERREFELES, &
H S T IS 3 v R BE A B B A B AT AR, LA
I ISCRE L B W S5 S AR 2 B B R IR
ZAR IR, 2 AR B ok P gt 18 oy il B
WCRERL: P A Rl B L AU R 30, B0 I 15
We SR AR, WO T M, BRI BRSO L
P B BT U A B dE Y ot OB B s i
W

1) CRemSCEE LR . BRI B F A S 5 AT
JRAR AL BE , FRAE B /D R KRR AL PL AL A

A BB

2) BRI B R,

3) N LI KB T, U R
ST G b T BT, 4R 7
7. LS 2k

pr(n () .,
pl (=] 22 O (8)
0 igd;

Ao, ADHIDBUERERYER S, HAZIGBOA S H
B pohif e LRIEERIRE, HIZBREOOHEI
EREs nh R, ABRKRRES; o
HRER A,

4) TR IR AF A 2L B R A R B AR R
HE,

5) MEEFMRATRE L—PREA
PredflE, BRARA

30 | @i fHdl - 2022 E 415 E 3]

p(k+1)=(1=38,) p, (k) +3,00] (9)
Ko, pik+1) 5pi(k) o 5 A 1% AL HT JE BB 12 5
5o € [0, 1A ERIRERNHE L EE; ApAfEE

FEFIKgE LR, AKXk
. {UKU) K(x)eR
Ap; =
0 K(x)eR
Kb, UDERR A R KO)A BbRed %,
6) fHERMLRFMHELRA

Ni =Nmin
Ni = Nmin Nmin <]\[z <]vmax (ll)
N=N_ N=>=N

max

(10)

N<N,

Kb, NABIKERENEERIRE: NS
NminZ0 B A B K5 B/ ME BRIRE,

7) Bk B RE TR R AKX BIA
S(k)=6¢ (k1)
v(k)=6(k—1)

A, WEe,>150,>1,

8) HLAERBLIRE T B KERKE, Wk
AT—H 2z, WEREHESI) .

9) K tH Be/ AR K FE M B ALAY LS
L=

2 ETFXHFES AR EREEN

2.1 ERSHIERE

RER RS SRR R RERZN, Kk
FHRELBMRE SRR ES . AREH A
HI B IR Bt , TR T f% s R AL B & Y
e, SR IBRLRE DA, #TE
R LS AL
2.2 R EIRTSHFERE

B & Bz 2 15 5 10 B2 BOCRT R R /N AL 4y i 52
B, fy(0) 5x () B R H R o iR ik RERE S
HREER k& RS ES, x(O)h

(12)
(13)

2'-1

X(f):Zﬁf(fj)

o, fi(OAFEIET A, ) BRERERF SN
Pt or R EAE S
B rah (5 5 R RE BBl & B R BRSO m

(14)



T KB s B 8 S ) B Ak A N IO e

AR, M i A R AR AT R U e U ST B
BRAXA
Eij(’f):L fi/(t,/')r dt:i|xy'| (15)

R, ()R X
Ut R AR A1 2 A R 2 5 b

P SR = MR
e & i

E=YE(t)) (16)

BN E SR/ DEO S RERIR LT
S RE RS RE R AT B A A

A, PoAR RS MERE, H 3 &L
Sy 2K A Sk R B P R R R
2.3 EHRTENTE

BT R BOE 2 M A 2 B T S A R A M
EIORE DI 3/ (1R

1) FIA Tk B REMESRHES,
LA K BRICA .

2) HPRBOS A I ERAE R R, SRR T
WG S Re R S BRERELE, Kb, A T
155 W RE = (A vl b /N ik 5 B AL PR AR B 2 Je 1
ARG T HE,

3) KB UR2) 153 05 & W IR AE 1R =
A F/h R L F i EHLR DY, iz gk
B, BEEFENEALE,

4) BfEEE SRR ARENIIREA, FIZ
XEREA, FEAEBHMRAAEANCHRIEE, A
WIAHEARTRE R TRIEFEA,

5) yEAEH DA RERMEA, T
EIETI S B S BT W BUE , % EA TR it

P, —#MOO% (17)

IS 505 R T M 1250 A 2 5 S
UESSECN

6) JETALURS) MR AR
AT, I P 96 TIE AR A A LR T2 7R 1Y S 00 e i =3¢
GRS, I A W BOR

3 WHRERSHM
S A S0 ot e ML B A R A e M

www.eage.com.cn

R 3

Application Research |

R, DAREEER ) A EIE AT R B A kA
i Fk G

XA )3k AR BT (e GEBURE SR 7 5 ik I
REREM B DRI KL, oW A 30T 3R 2
REBCRE R AU SO R S AE T, S5 R A 1T
~o MELAfR, BEHEERREE AL, W
PSR Y e/ Dk i KR A Pndi, HE#E
THE . MH % GEBOR Tk 1 B/ DR K B )RR
BiHBCREmE, ERRLI80KM A KB faE,
PR TE:, ASCT7 R e BEURE SR T kAR
TBCS B K EEYgRE AR, P AP HoACR
b, Mo /N AR BE (AR 3% R0 I ik a5 3 42
E . RIERW, 1205 2R W o SO R B A
B v W SO A

W S ith 2 fr it 5

B 3
24 +
16 |
8 L

0 1 1 1 1 1 1 1 1

40 80 120 160 200 240 280 320

AR B
R RE R ——-m-- e EISORE B

1 WHERRBREERE

Fig. 1 Compare the number of iterations and path length
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Fig. 3 Relative error between monitored value and actual value
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