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Data-driven Operating Monitoring for Coal-fired Power Generation

Equipment: The State of the Art and Challenge

ZHAO Chun-Hui® HU Yun-Yun' ZHENG Jia-Le! CHEN Jun-Hao!

Abstract As major equipment in coal-fired power generation, 1000 MW ultra-supercritical unit has advantages of
large capacity, high parameter and low energy consumption, which has become the mainstream of the development
of the power industry in China. Its safety and reliability in operation are of great significance to promote the trans-
formation and upgrading of power generation enterprises. Starting from the analysis of essential characteristics of
coal-fired power generation equipment, this article revealed the nonstationary operation characteristics caused by
the variable load, deep peak shaving, and the complex correlation characteristics of the whole process. Then, it sum-
marized the problems that the coal-fired power generation process is different from general continuous processes,
and points out the necessity of studying monitoring algorithms for coal-fired power generation equipment. Further-
more, based on these characteristics, it reviewed and analyzed the development of the data-driven algorithms for
coal-fired power generation equipment monitoring in the past 30 years, showing different stages of algorithm devel-
opment. On this basis, this article presented the current problems in operation monitoring of coal-fired power gener-
ation equipment, and further introduced the possible development direction in the future.

Key words Coal-fired power generation equipment, varying load, nonstationary, condition monitoring, machine
learning

Citation Zhao Chun-Hui, Hu Yun-Yun, Zheng Jia-Le, Chen Jun-Hao. Data-driven operating monitoring for coal-
fired power generation equipment: The state of the art and challenge. Acta Automatica Sinica, 2022, 48(11):
2611-2633

ok H Y 2020-11-29 AT H Y 2021-06-01

Manuscript received November 29, 2020; accepted June 1, 2021

5K A RR 22 A ST WAL A& 24 (U1709211), HK B
Bl oA HFEE S (62125306), HFK HARRIEIEESE ST E
(62133003), LMk 478 il H A E 5% H S 46 % | F U8 (ICT2021A15)
3l

Supported by National Natural Science Foundation of China
(NSFC)—Zhejiang Joint Fund for the Integration of Industrializa-
tion and Informatization (U1709211), National Natural Science
Foundation of China for Distinguished Young Scholars (62125
306), Key Program of National Natural Science Foundation of
China (62133003), and Research Project of the State Key Labor-
atory of Industrial Control Technology, Zhejiang University
(ICT2021A15)

KR THERZE FTR

Recommended by Associate Editor FU Jun

L WL R Azl Rl 5 TR Tl b B [ 5 fsii = i

R, 7 Tl e ] B 8 35 v B SRR R =l o
IR 2GR e, A2 B R SR AN TR
e R E R IR, R R T
U, R KL AR, BARZ BRI TR PR LRI
R TR AR SR, FE L L MU K BH B3 2]
PRI, (R TR A AN 22l B B
SEAEEA, PO A REIREE R TR S PR FR AN AR
] B B Y 25 U T, B 3 2030 4R, AsBRAEVES L

1 310027
1. State Key Laboratory of Industrial Control Technology, Col-

lege of Control Science and Engineering, Zhejiang University,
Hangzhou 310027



2612 =l 3

S 48 %

AR AR AR FE AT s 80%. BEA& (5 B AL A Lok A
MITRBERL G, RO ELER I KBl 2 H RS B
BT BOR K e, HERE K AT L R RE R R TH L,
IR R A v R VR IR TR H D Tk A AR
(IR FE.

AR, N T SEBLATRFEER R, K1 R ATk
BT gt #e, « LRI, BLREE. MS3 8.
L BEE 1018 i MR e AL AL IO e REAE /N K
PLEH, BEASTE A T LR B I SR AL D9 T 44 1) i 77 g
RS, 13T L I AL O 2 O IR E HL )
Tolb e J AR N AN F 30 77 1n). 72 Tl AME &
A R A R € e i 2 2 D AE AL <+ I R R BRI
T, T LG I K R LA B it
R e i 2 6 S ML B A B R RR R 12 35
HERBRZE. 5K ARG MLILE, 7
T-FLE I L BA U 2 R, LA &
WAOZHR RGMEER. SRS ™ E, R4
REFE . SHO AN BRI 2] SR EOR AR,
HLZH HE B REAR A B 2 e e AN wT i R, d2 A7l
P — B AR BRSO R & L AR, e
DT o I LA R Is 4T 2 e Ae 2 1, HEITRE
P BAT TOLM IS IR AT IT, A8 B R I 7
TR R ] R ST T, T VR o 22 4 R
BEARR e P 2 2 AR A5 XU, e KPR B PR BASE 71 5 T
BB I T LALIR) 2 4 ] SRS AT, 200 T i
A S R AR B R R

AR A e A I AT UL BOARGE 1 AN E 42
JRIE A Fe e 26 A A T AR v RDIRES, 5 L B Ak
JRi e 1 AR, A LA e R ERL, I AR
b RS, g R AL P SR S @I BoR. T
DUBEFE N SRR E, B4 1 RS R I AT s 2 I
AR IO 20 2 A RS T (R P 3, S iR
(RS RN A RS B 1A IR R % 18
ATIRES, GRS AR & WAL, 2 A A
WITVE, 856 RGP IR, % EIEHR, Xt
WABATIRAE AT VAL, AL 2B AT 1w, 2
TR, R AR M S PR AN 2 4 AR
S P BAE % Bdl . SRR A2 W AR IR
FTSRAFHIAE 2, G5 RN S5 A8 R 1 A2 5 DL LA
Bk AT 1R s AT P S (BRI AT IE A K
A R S AE BT G, 0 e T RE A A A B
CLE R A B AT TR 2 A FTH I, 0 il e
RIPES S RERE i RIS AL, 45 H b i A2 A
KRIEHIEaS I E R, B TR R e %3847 Tl
AR, GRS N S SEEi2 W, &Sl e
VN IPS 2 20

L TR AR A LR 46 1) 0L 4 A

RIE RS R R, /£ Web of Science #% /0%
P Erh | 428 3281 “Power plant monitoring” £
RER, KT R EEMREES] 0K G| (Science
citation index, SCI) BHJf 3 & £ & 1E £ HLEF LT+
B HETRERERE 700 2 A M E, R
W FEIEAE SERVE TAEE I E AL, JFZ 8 A
RVEMAE fL B R e & a7 I A i g Y
) oA =l 7. BRI, B B Sy SR DAAE, 1A
SRR M3 25 A P AR B 5 A Tk AR P i R 2R
AR IE AT R i, ] G0 ¥ & #8 A 5 BOr SR 4 i) 7L
KA 22 15 45 0] R 22 PR [ it 00 ) 3 2 P 1) A
. BRULLLAL, BB R BER T RGN E, BT &
G 2R, A & S A Tk A A R
R Tt B AR, JC R B T2 B e AL
A5 S 0 o i 1 PN S T = = o
THAME A A A 2%, (H B AE A0 J FRAE HoAth Tl
A I R AT DUSR IR, 2% R 30 07 V2 1) A A AL 00T
AL, IX EeRT N 70 77 R E ] N TR R H
WM LB . Rk, KSCE S — 3t
i L P =Py AN = L DAY 4 SV Wiy 22 T W N
WS, A AR f A 4 T MR 45t 70y R A

H AT, MR Py sk s R BUE 2 IR e b AT
F A N ) BBCHR AT T R CORCIE AT L R
FOMI— A MEFE SR U, HCH b v ad i o3 A
ZHRWCER B R L RO, R ECEE R RS S
SFIRHIE, AT 7 & FL I AR ()38 A7 R A I8 3 ik
R JEi . 55 K A5 55w M RIR AR L, $ois i a7
VAT DABR A 9 — PRRE IR B0 25 T R i vk, H R B
(AN A E T 328 2 11 R 2 AOK B (1) b dis 2 A
), o R PRE B R AN I AR BEE Tl
LI R AN AR X AR R R FE . TR B A K
R E, AT DU R U SR 5 A i
KEFEEAE (SRS 5 R 1) 7% s
MEAF 5 T 200 A= i T B S 5, IR
FEATT A AR P ARSI T E R SRR, TR
PERE O s R ) 5l T E WA FE TR
V. TIATLES 5 ) 7V R o o B4 3K 3 1) 3
HIBAT Lol e s it 7 B iR 30 LK,
WLs 2 2 e g B AN 7 VR R IEAE AW IR 2 Ik
R, PR FE 2SI PR 2] PO B A o
B S R S R B R TR EOoR
Rt TEEM AT TR

ASEN G AT BRI R A & AR R PE R R, 48
N 1 AR A R B R U 3 B AP AR AT R A 4
TFE R R AR, FEDE A g T R RE X
AT ROESLERR ) R, FRH T B SRR R e



11 34 AR 5 Jelm UK Al MR A LR A3 AT T I

RS R 2613

# LOUI P S i b . T, e T I ke, 3K
A0 T ) e PR 6 T 00 M 4 1 0 B B B 30 4R
KA A R BEAT T B BUA 73 M. NEEVE R Tk, 3
IHE A e % T UL P Sk i R Jg 0 0 3 AR B
et TIPSR B AR PR i S Boin 2
P SR B He, 2RI TR I E
PrAEZR AN S AR T HE S8 FE B IERE b A3 T H AT
FAAER IR, FRaE— B 41 7 2 2% T i 42 40
SRR R AT RE R A S T T

1 RBEEFERFERIAEEES
T

B3 T TUE I L T RGEUEE K %
#ZF SRR Z AR, 2 A B 2% 10t
FP i Im LIS AT R s R AR e, A
JIARG R BRI EE . a1 s, Hl
ALE LA IR 1 22 BERE AN IARE, ZRTRHERNIR
FENLEC SN, AR R AR NURE . th B AT M8
B HESRHER 2, KRR RGPS TR
5 R 2 W B AR e MR A N T
T BL R I AL I R G AR DA AR P Ao R
SRR, SRR R LR A T M A P K )
FFor .

11 RETHEIETRET

SRS A AR I 18] 7 21 1) 28 48R0 7 22 AN I [A] A2
WP IREFF AR 2. B, KB RETIREE
AFFE PR RE L. A2 AR AT I I SER2 I, R LIS
TR 2P R M AR PRI, Qs 257, Dadg Al
HALSHABEE I 8] AR A2 sh . X R O iRy
RAMARTIL. BN NG, FER&EH% T 6
BB, BT AR, BUR A TR 6 G
RN TA) AR 7 225 45 U e, TR R 22 5 g A
EREBUEE. T AR, Ba5 KR
PLEAT THLRI AR, AR A8 AT S 402 15 Bl I [A]
AL, AR T AR TALAARRR S T
ALY RIFR AT IR RES B L R Fr

fEE AR HE R BN ER . FRETL
D R RIS T IR T R A S B R BRI AR
PTG, RIBhAS LI T, Rpon 21T ARk R 't
PS5 BE Y I 3 BRG FR) P R0 ST e B0 A ZE K
LR P 75 SR 224k, 3 BUR &% DU S8R L R
WS 5HT A, UL R BT RGR 2 S U A RE I
AR AEARAL, RS AAE R T RS T, BA W
RS G ARPRIB AT R, X T AR RRs AT L AR,
IEH AR AE LRI S 5 L 1 S e 5 i
SRR AL, XA ) B A 45 7 T
P % s 0 R g s oL AT ) 7 5 12 W i SR AR KM JE
PRk, & T00F B0 T s S LA RS
R W2 5 W2 W L B — A S T HPIRAS 4%
5 RS W R MEREOR, I A AEAR £ ] AT B
il 7 ER AR AT AL

12 gEHEMER

WK 3 Fw, R A A RO I T2 AR
PR RGN R W S k. SR
7 IR GRS REHL 2 RENLI 3 KK
By BERRENL 25 7K MK I Bk S K S 4 Al B i
. BRI GTE. RGEREARNE, YR
e R B R R AR IR, 3 S0 i AT
WO JE R MR e F . SRR RS, WTRERE
Mk PR R R 248, HilFR AL R o/ &, b
A B 5 A% 1 S T BE AR R B RO SR AE . Ak, 3
FIMBEREL G F BT S S L, KER S
Wb 2 0, WOBE DR IRANG AN e M. DA 4 R
RREUAN 2 I o s 9], o AN [F) bt B
A3 A R PR RAIE . MR R AL 5 AR 2 1) 5 A i
AR B — USRS O 2R R R T R, A U
=X SR EST EAL - TEE 20 (P Ve 2
OB RAIE. R LA R RS R e AR R
A AR B TA] AR 1k DL R S e b cdis I R i
S s 1 2 B 32 W R 005 I W = 7 0 T PR

1.3 REZREFHMREM
B T AR TOUAR TR MR DL R i AE R IR & 4

I
L e
I

RN i)

B AE e E— HLfE

1 R ERALRE (RAHEN I ARG RE R LT RE)

Fig.1 Energy conversion diagram of power generation process (Energy conversion process of

thermal system is shown in the dotted box)
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Table 1

A comparing summary between analytical-model-based methods and data-driven methods

for condition monitoring of power generation equipment
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Fig.5 Rearranging data according to condition axis
(from nonstationary data on time axis to different
condition slices on condition axis)
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Table 2 Comparison and summary of three types of non-stationary analysis methods
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R I7 % PRGN ) e o ok S e e g FIFH S HTRA 1Y (Gaussian mixed model, GMM) #4T
idies Dl AWRE  WERREMREE Rl
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Fig.7  Schematic of development trend of operation monitoring methods of power generation equipment
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