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ABSTRACT

With the continuous expansion of power grid scale, the safe and stable operation of substation
is challenged. At present, the on-line monitoring method of substation has replaced the traditional
manual inspection method, but there are still some shortcomings: the current equipment fault
detection only detects the real-time operation status of the equipment, and can not predict the time of
failure or the prediction accuracy is insufficient; the development and maintenance cost of
configuration software is high, and the cross platform compatibility is poor, and the client interface
is difficult to synchronize the operation data of the controlled equipment in time Status.

In view of the above shortcomings in the current substation monitoring technology, this paper
designs a set of substation online monitoring system based on the Internet of Things Technology:
connect the self-developed intelligent gateway with the PLC control cabinet of the substation to
collect the equipment production data in real time; upload the data to the cloud platform for analysis
and processing through 4G; design the Web to realize the equipment operation status, fault alarm,
personnel management visualization of information. Through the on-line monitoring system, the
users can monitor the requirements of system and structure the Web configuration remotely.

In order to accurately predict the occurrence time of equipment failure, aiming at the
shortcomings of the current fault prediction scheme based on Kalman filter algorithm, such as
inaccurate initial noise matrix parameters and unable to self-adaptive adjustment in the process of
filtering and estimation. In this paper, a fault prediction scheme based on Multi-Strategy Gray Wolf
Optimization (MGWO) Kalman filter algorithm is proposed to improvement the accuracy of fault
prediction. Firstly, propose a nonlinear convergence factor and memory position updating equation
to improve the balance ability of the traditional Gray Wolf Optimizer (GWO) in global exploration
and partial extracting. The improved MGWO algorithm adjusts the parameters of Kalman filter noise
matrix adaptively to reduce the divergence of Kalman filter algorithm and improve the prediction
accuracy. The test results show that the Root Mean Square Error of the prediction accuracy is reduced
by 60% compared with the traditional Kalman filter algorithm, and the equipment fault prediction
accuracy 1s improved.

Aiming at the problems of high development cost, poor cross platform compatibility and long
communication delay between server and browser, a Web configuration design method based on SVG
and WebSocket is proposed. SVG is used to design the graphic elements of configuration editing

module, and the complex logic operation of multiple-input multiple-output is simplified by directed
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graph theory, and the development cost of complex graphics is reduced; the equipment status data
can be pushed to the Web configuration interface in real time by using WebSocket communication
technology. The results show that it can effectively reduce the development cost, improve the
compatibility, and achieve the purpose of real-time push information data from the server to the

browser.

Keyword: Substation monitoring system, IOT, Kalman filtering, Web configuration
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(3) SEEMIHAF ST . Web MiiZ TG 7 KB AT & HERHEEEE TG k&
A&, S A FOR AR Bl RS ATIRGL: TS N S R BE I B & &
R CENIE VG Sl
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F=F ET MGWO F/REFEREEZNEETNS R

R T E B AR Y AR % I RS HE, P A S, SR AT E AR SE T RE I
AR (YU I ], SR 20 RT AR 45 4E 9 N 53 B 22 (I 18] 25 N6 5RO S04, PRI 51 AES R 952 2k

H AT 2 A AN B0 LB R N A B 7, 2R S R A v R R B e SR S A g
PSR TNE, El T RAANLRCE RRZIENFEIZERGGESH, SRR,
WesktEZE, SomR IR EETRIAERA T SCRRIBIGE R /28BS SVM S &SIl 1 X1k L A&
ZE BRI, A SVM [l )RS 1 ST ARZR MR AR A, Gl R IR 2 R R B
BEATTR, S TP AORS L, (HZSLAM R AR O, BSOS BOSCRER R T
TR, TRINAME R AE N FRREE,  SEBL 1 e s T A S A i O SN 24 SRS A
BP #1228 X 2SI T HL 7078 e 2R A TIN5 o SC3E A NEEXT BP #2025 7E THNNAR BE_b A7AE
iRz, B RAEREIRNA SGERTT AORMSGE BP MM & i eaily, i8I ER BT
T ER 2 R 2 B ) H T, 05 1S5 K el R B SRR 5 B RSP M BNLAS &
AIE 2T L 77 2%  ds WBes (6 H 10, Sy 1 B2 W ) o g o 270,

A7 AR R G Y 2% e T b, AR R4 SCRFIRTE L KT IR S AR i e
BEAT TR IO I, AR SR IR R S B % . PR 3R AU AE . THEARIY B B, RIS RIBCR
FRINEFH o T BB B a0 28 R A B T 5> 32 2R ] DA Bk sl g Sk Ak (¥ 7R B BB
AR RO B DA vl RIS TGS S HO A, B DA HESE 2 AT ARk — B
18] 2 A IR RIS, 4 sl R AR TR, L/ e 548 HAR RGN L L AR AR, A
Py fal o, S AT Rk m BVERE L

BIREE T RR BUE B IR R MBS TN AT — € s, EREA R, LgrR/REE
BERABOE MR HERE Qv MMM A R FE R PSR S AR IS BB E [, 8 H R AN €
5 2 (EAE S B i R SR AR, s 28— A E IR R, IRAERE RTINS
WO e e PR (R B2 — DM UC A e R, EREBEE AR, ANRENE B & NI R S5 1L E
BOSREF IR, FEAC T SRR TS R

RAE LA E b, ASCESEHME S GWO ik 2 = B PR BE J1 AR B K B8 71 AT Y 1]
AL, PR AR AR LRSI T ATCZ AL B R RUR IS R S i 48 GWO Hik e /T4
AE/T, REGER GWO FIE(MGWO 5Hi%); 12/ MGWO SR 2 /K 2 i Sk i
A5 JEE (R4 IR e 7 R 2 AT B S SE UL T B, B 32 i R R S BB IR PRSP RS L
ORBeE R I PR ERf P, O DA N G2 S I B8 22 XS 2R 48 SRR A X I 18]
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3.1 BERGITER
o T A AR A I 3.1

iafL R LGSR
CREMRE, MWRAEER
Q. R, REFHUR)

- Q. R
RETHEEY
SINIEE WA F .
I BB A TEHRE
A
KIRETEK T
' . TIRHIE,
olca. B. 5. wik
RS GITHE T R E R

'Y

&

FIETEE 2SR EER

|

FIH R SRR R AIER Y

i

=
Y
SRR R

\i

5EilE#TT
EFNLE

TR ELNIRIZHT

Y

RIS HTEE R

3.1 F:T MGWO 7K 2 8 il b Tl B AR B HiiRe
HARBRH BT -

(1) FINAEZAE USSR 7 He g . 10 A2 A1 B 5 B 75 A SR Sk AR AL 5 (Gray Wolf
Optimizer, GWO), &5 GWO FiE Il sitt:, B2 g KR B (Multi Strategy Gray Wolf
Optimizer, MGWO).

(2) iEid MGWO AWk K = /R I8 EVEMN RG RV SH (RIS , $2
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R R 2 IR IR TR
(3) FIAR/R ZDEBFIR M INE, 5L MHEREAT Z X H .
(4) Lk 22 A B W 8L 458 15 R AR R

i

32 FREEKRIRERIREDH
R.E.Kalman 7E 1960 42 R /R 283 F%, FIHIEHES R 2UREMRAM T RGURES, #
JZ N A B T DA R (S R A A A S A
IR S PEPRE R AT H AT PR 2 18] J7 R R A IR «
X = f(xp_1) + wy (3.1)
7 = g(xi) + vy (3.2)
RO DARGUREHE, KNEHUE, 8 k B ZIFPRSEx, KB RE, xRRERE
W R RPRES S E, wilRd RS, HIEMT ZrT Hi(3.3)% R RG22 NERS
METFE, gh k B2 PN EEz, R R, vREMEM S, HISEMTT 2T G.4)FE
ZANGdr
E(wi) = 0, E(wywy) = Qx (3.3)
E(vi) =0, E(vivy) =Ry (3.4)
Horp, IR BT ZAEREH QR R, M S B 7 Z R RE R R IR
FRYEIRA TT AR B 7 A2, I bR R /R B R IEAE LS, sl v INPIRS S & AT il 1t .
LT DAEFE AP 2 B8 To0 B BRI BB B B o 1T G A F000 i B 871 B SR P PR 28 LA AR
D RZEWTT ZFEFETOAE ;.  SOBBY B AR ST R MR UE B 25, I S PR AS B DA SOIRZ % 22
J7 R . BRSSP IR T -
LAGVIEWIREVIZEE . Q. R.
2 R tER IR S IR :
(X(ti/k—l) = P (ty, ty—1)X(ty—1) — Wty ti—1)
Pi/k—1 = P(tie, tie1)Pic1 /a1 @7 (b tem1) + Q
4 Ki = P/i—1 Hy (HiPyik—1 Hy + R)_l (3.5)

X(t) = Kiik-1 + Ki{ Zx — i [K(tieje-1) ]}
\Px = (I = KxHy) Py /k—1

3 RAFUEPAE -

FEAL PR RAR 22 0] R, R/R SRR EERIVEREHRAL S . BERAEH SR, (ARRH
EHCOHARZA, TEKR/R 2SR 50br TRETE b, 752 X i ik
o, PRI S AR IE T A ML A B B AR R R 2 IR RN RA S S
J, LOER S IH 7K.
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(1) SEPR I LREIA 5 2 7™ B R 1l bt 5 7R S I B P AW 7 e RS 1 A SIS T R
AFEAERIE R AR, HELF R RS RS R E R, SBEETEERLT, R
2 7 E A

(2) RREPRFVERGIETTRENAFE, HIfRELRNZRIERK, HE2HIE
PRI A . Kalman JEBHVEAE AN R G £ SE N2 KR 2IEPIE 3K, RRZ0E
I 2 K B SR AR HO S IR ™ B2 Kalman S0E MO TRASRERE, 10 /2R 2 B 2 K 32 2
AR T Z R DB BT ZE R P N R S BOROR AR, DB BAT 75 2R R 4
M 75 R 2 ) e DAL, AT BRI AR 7R 2 PRI 1 2 K S S0P R Z2 AR SRR S B3 A WA 1)

FETN SEPR TARE G, RGAIIAME Q. R MMEEHBOER €, —BEREaRLsE—
ANEGEYIIRE, (ER AR B RS E A S 250K /R 2 IERSIE RS TR I, TC
IEHERAL T FOSHE . N TR VRGN R I8 1 SO R AR AL A (G ) MGWO 5k kel Bid
% Q. R ZHUA KL L.

3.3 GWO HAR Hegi iRk

A S EFRUE IR IRAR AL 53%:(Gray Wolf Optimizer, GWO)FEAS JRFR, i85 5] NIEL: 1%
WS IR FCAZ AT B T B T RE U, X GWO BERMT A iedt, $EH T B Sodk R
PLACEL T (Multi-Strategy Wolf Optimizer, MGWO) 5542 & B1L FMKE . i J5ilid Matlab 1/
FX I GWO SESHERT 5 LR 2 7, MR Y], MGWO SET] LLA R IKFR 1 GWO
BN R R L EI RS, 9 SCR IR SRR EE I IR S B U SR IELE 1 64t

3.3.1 &£A&X GMO

GWO Hikte—M#ER seti Bk, @B AV T IR AR A ™ 4 10 #E 2 S i B
AUFFAEAT ot 2% i) 73 1) e LA B0

GWO FiEH RN IKRANEARR —ATTATAE, AR R BT A IR AR 18 B2 R £
EATHY, JHEIENR, HITguEfiEIT N, MBS 5 IR, KR
alfI AT, ARSI Bha il e 58 = RIS TR, IR a IR A1 B IR
AT HAWBEII MR, FATTFEFEENE S REBY, B 3.2 iR T RIRFEHSEE .

oL

B

S

w

K 3.2 ARG A
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IREEPIEN LRI Palk, IR, SRTTR P AL o RRE, ARRIENERET, ARE
WAL EOR A 5 A5 (R PR o AL B LR AR B 5 3CnT DU 0 B ik sUaR R 32,
D=|C-Xp(t) = X(®)| (3.6)

X(t+1)=Xp(t) —A-D (3.7)
XB.6)« BN, ESUEVFIIRALE 735 RXp (1) X(8), PIFZIAEEMH D R, A

5 C T AL, Al H3.8). (3.9 R
A=2a-r—a (3.8)
C=2'n (3.9)
XB.8) B.9H, aftRIE I HSE, RNEIR T, BEE FZENEET th 2 etk

W0, ATHAG.10)EKREFY:

(3.10)

K 3.3 BRI SE I R E K
IR L JF B R B B 3.3 FivR, o, B, S E M BEE AN =5 0RO
RIS, BN, =20 IR QU IR B 1B D SR ), R w] F G T~ $e3Ri8
&R

Dy = |Cy - Xo(8) — X(B)] (3.11)
Dg = |C, - Xp(t) — X(1)] (3.12)
Ds = |C5 - X5(t) — X(0)I (3.13)

X, =X,—4,-D, (3.14)
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X, =Xp—A, Dy (3.15)
X3 - X5 - A3 . D(g (3.16)
X(t+1) =ttt (3.17)

3

Hrt, D, Dg, Ds 73 AR R, B, SIRETRENITT I LA KB, Xy, Xy, X RN o JRAET KT
a, B, SRATHE A HIALE, X(t + 1) AR A E N 2 5 RN E .

3.3.2 JELR MU S EF IR A

FARR R R VR AR E IR RE AT R I i, s AR R R, EER
RIRUITFRAE ST o FirE GWO S U SR T-ase A 2 L PEIBIRE 0 f1, SRT S8 SE BRI
RSP IRE A ZENEN . HHAERE, EEAITGEI B, T m AR, Fit
BT IS a2 180N MAEBEIEAUE AR B, AR R EETRYE, T EEINE af e/ s BB,
HIEPR ., BiEG AR sILI R S S8 F BN EAER, gUinE 7 JHESud 14,
LB SR R AE” AR R, FrUA R Rt G, 75 B0E I 5% a I /)N 3 B DA
SRR AR A R R 51 B ST AR SCERISIE B L R A S Ak S a NGB, RREFE AR
% GWO Bk S tkRs . Bk, AR T —Ff e T o1 238 7 18 ) 2kl SR T
WS«

e*—1

a=2-25 (3.18)
Jav (t+1)_]av (t)
f = fea L) g (3.19)
Jang (£) = "R (3.20)
Xi
Wi = (3-21)
By, tRoR HRTAIRE, k@ N RN REL [y s T RE N R, w, NiE N

BUCEAR . 29 P 2838 N EE A AR, SR TR B 201 238 W B A A /NI AL
TFRB B

3.3.3 iRl E EM A 2RI

] A] KT IEAEE X (Minkowski Inequality ) AR /R 2 - B ] R W34 1, 1732 B 402
WUEE L[] R S R AT, SCHRCTIR A B AT I 3 B B R OGO o- X {E SVE B AR AT T Bk
BERE AL . DR, B T SR T B & — R AT A I S A e RS, JE I TR B T R i B S 8 p T LU
LATA B FH 3 5% o

AR ST Minkowski P50k SRR GWO 35 5@ 1 8CE P15, JRH LIl
TSR T IR B 2, | I Minkowski P4 an=(3.22)31;
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(3.22)

Yl(p)+Y2(P)+y5,(p)+_,_+YTEP) (%)
Houmy = (B
X(3.22)F, Y I Minkowski P35, n R EYEE, p A—DNEEL Yy, Y, Yo7 5ll%)
I GWO HiE fa, B, MR W GWO Hh 7 B 55 7 F2 n] 5855 A (3.23):

(3.23)

@, 20, 2® (%)
X+ X0+ X, )

ia+1)=< 3

Zp=18, RE2V)NERFE, CHPNSUE T 2 p=-4 8, GWO FikMEReLsL
BT
AR R A SV AE i AR g Az kL M IR AL AR AR R B R, B RRIE GWO
BVERRIZAMETIRE, FE4E 4 ik Minkowski X%, $2H T — i An B E oy R
X(t+1) = <Xi(,'f)(t)+xi(,’z’3)(f)+Xi(,’§)(t)>(5)
by - 73+ (Ples(t) — X)) + by -1y - (X7 (1) — X2(D))
E:B.24)F: by € [0,1]FRAAMEICIZREL b, € [0,1]F R hE REL 3. 1, N[0,1])2.08]
IBEHLEL PG est (OFRURAMAIEAL S H R RN E, X, RRBNLEBEMAMAIE ) = 1, @i
P p. by Flb, BME, VLA P GWO Fyk R R A KEE 7.

(3.24)

3.3.4 GWO EZEM iz
RMER MGMO 5% 5 PR #E GWO FyE 1)1 e 22 57, G B DY /S FrifE il ek 2017 MATLAB
PIEM, Hasl, AR WE. 425000 3.1 R, BiEMEMER A 30, &K
IEARIREBEN 1000, FVESSLIZAT IRESE N 30,
22 3.1 PR B KL T

Pk HAREHE w/ME SR
um=§ﬁ [-100,100] 0 10
u@=gMHﬁyM [-100,100] 0 10
f,(x) :ZOexp(O.Z\lg)exp(j;iznl:cos(Zﬂ'xi )J+20+e [_32,32] 0 10
f a2 fllcos[ﬁjﬂ [-600,600] 0 10

BURRIS AT B e — IR 2 A N 2 R Ml 2 o Bk A 2, DA MGWO B0 He
GWO FiEHITEREDUBEE, 4R W 3.4 fos.
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; f, f
10° 107
g g
X X
el il
=2 2
o ol | —F—cwo B s ene
5107 —%— MGWO 10 *— MGWO
200 400 600 800 1000 200 400 600 800 1000
IEAR KL BB
f3 f4
0
__ 10 —+—GWO . 10°
4 —%— MGWO Fa
] ]
it it
12 1070 1 107 —+—GWo
2 2 —%— MGWO
200 400 600 800 1000 200 400 600 800 1000
BRI BRI

3.4 GWO 5 MGWO Hikiesh th 2 6)

MK 3.4 aLLEH, ST EE;, £, MGWO RIEARHZRERTE GWO T, JTtHEZEf B
TR R R PRI, DRk et S B VR RE S A AR PR AR SRR B B N SR s A X
W o

R EVRIBITE RS MNE . FRMEMbrHEZE, Wk 3.2:

% 3.2 GWO 5 MGWO H ikl g Fxt

Bifd Hix BIE FHE PR

f, GWO 1.8E-32 2.23E-30 4.64E-30
MGWO 2.3E-129 3.5E-115 1.9E-114

f, GWO 3.19E-20 0.33 1.8
MGWO 1.05E-70 1.93E-64 6.67E-64

f, GWO 4.44E-15 0.067 0.36
MGWO 8.88E-16 8.88E-16 0

f, GWO 0.025 0.16 0.11
MGWO 0 2.42E-15 1.3E-14

MF 3.2 AT LA, XFTRE,, f,, MGWO HykR B MER Z 2 0 & T GWO &k 97 Al
50 MEEL, JEHBBMARMEE ., FIEBELTE N T GWO EiE,

3.4 ETF MGWO BF/REIEREEEZ M
ST FH BACHE O DA AL B 5 2 5o R 75 7 250 Q- RSy 254 B R EAT
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DUERAE - R BEANHARNUAE — AL 0 T7 2 S B AT IR 5, A0S BRUOE AT RE K 1) &R Sk
HAE N AR, FAARYEIE N B AT BRIy, e e i A, BRI E, HlrERe
I8 B RIS EERE L 2 25K, RN SRBAT A A, a2/ S S AR
FAEREZHL, RSO NS R IR 2 SR M A T RE 30 R A8 A KA A 300 P o M 75 R K 2 A B 1
(NiapuRE

3.4.1 &R E R HUER
TE N PR IR LGS S 15 e T VAL S RN o ARSCHE K% SRR B AR B 21 5
br LREZ /T, @I Matlab £ HIEZEERIL A YE
PAIB T R 22N IE B RS e A, ok O AR 2 i et R R IR R AR AR H () 45 R 5 L sE
BRI ZEE, a2 EET RIRM, AAE/N, BIVCRREETUST R Z 5N, e
If . Fix X=X (3.25) 1 7w:
fitness = ~3(§ — 5)? (3.25)

XEB25)H, s $oHFRMERS. HES, n RoRETEKE. SRS HIRKT
FUbRHE N L i ZOBANG B B3GR SR A 2248, BB, R B SLERCR iy, H
W T RS BOE O G s . 2 RIS, @ N EEE R R/ME, B EATITERASH
B CEWR A T ZERF I SR

3.4.2 EEMRTE
R IR B I S B IR B G PR 2 3 IR B R i R I TR R B i s, AR PR R R 2R
WHERIeEISERE, EH MGWO FiEaZ240 Q. R #HTahad ik, SREmE 3.5 fix.

A RS MDA
8, Q. R)

REALITHER

!

FIREIRETE

‘ HENQ'. R
REEITHE

v

FAMGWORL
HE1Q. R

Wi R ETHE

K 3.5 BRI TR

37



BUM L5 BHEOR S 1 22 018 3

(1) PIaatt. PIGALMEF2ERE Q AT R, BUE IR, e XA SE .

(2) TN bR Bk BN 3(3.25) 0

(3) F¥Ah. KMGAIRMRRER M, HFHEEall. BIR. 8 I Kw JRAE.

(4) AR BRI AR S 1 g L DAL E RIS M a. AL C, BEHH
ORI E o

(5) IR 75 3k B e KB B s A A I i e RGTEER, F5 A, M5 AL 75
75 DU B 1] 25 IR (2) o

(6) FIRETR. fth & RREARAE, BIR/RZFIENMRESEM Q. R ktEfH. JfFiEd
TERZ Ja 3 B A A R

3.5 HTF MGWO F/REEK B X PETN
G AR AT I R(3.26) 840, 22 55 00 R 18 8 UK 2R 5 15 8 AR S B A T B 25 A
WEZE, SR TR 2 B AR B TE A A, U3 B 2R G I s

0 =3 |30, (x;— ) (3.26)

EXG20)F, Hlhxg, xp, x3, . xy (BNSEHD, HoP#E e, =tz o .
NI 3.6 JEaR T B R R 8 E R S B R RN R
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BMARGHEX-1. Pt-1F]
AR Q. R

o —
g

X

BB T—RZIASXE

t=ts1 BB T—RZSE N 2Pt
! HiLEQ . R
R RS y
EIEEN S EP I
1 BIE. RSEHE MGWORE .
HEMEXE HeEEQ. R

H@EiQ. R

ZIRTHEE R IAAT?

AR TE

5 SL{EXt

TRELE DR
EEREME?

i)

K 3.6 2T MGWO 7K 2 I8 A R Tl RE

(1) WG RSV MG B RED T ZEpy, WILEMEFHFE Q. R.

(2) HRAE AT —B 2000,y Sapp_ 1 SRABH ¢ B 20 PRARZS A vh e ANV 7 Z Al T pg

(3) ARG IA] M TTHE . AT ZIEE, PR T — 27 Z Ak P MRk 2 7
k(t)s KT B ZPREMTEXHEEGWNEZ,, "FERAFEE X© . FARNEE MGWO
R QR BHATARAL R A -
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(4) FIWTHSEIE XOREHAZR. 1, MEALEG); HMHITEEEG).
(5) MRIEIZE AL W BRI W2 75 5 A Wb o 5o, MBI R G, S IHAT 2 IR (6)
(6) SEWRZEW 7% Pty Fik A RA4kELE A5

3.6 SEEME

IR AR R SRR A E R RS, AT /R 2 HE B R A S 58 5E A6 45 53047 07 Zlk
PiEIAELE 3.3.4, (FESHEE: SCME B B e igE N 25 (15 50N & T (e R A
L, MR RECN 1 PREERUBIECN 70, Bk EOREARIRER Y 120, (A1 4EH (RIME ST 224
O N2, QN0.01, RN025. is745 R N 3.7 Fiors.

66.5 | FREIRERGR

MEE
—o— EERE
+— MGWOE/RE |-

66

65.5

63.5

63 -

62.5 | | 1 | |
0 20 40 60 80 100 120

REERTE)/s

K 3.7 brdER/REH MGWO R/R 8 5EH 45 Bt LA
ME 3.7 AIEH, HTARERRZEEE Q. REZBNAWEN, Bl E R THIME;
1M MGWO R/R 255 IEEAWERA 2 R ES B THE, HE RETE e EMTEE .
A 25 tH Matlab {7 LR ZEXF EE L, W0 3.8 s .

40



BUM L5 BHEOR S 1 22 018 3

1.4 |

1.2

78 06 -

04r

0.2

mEERE
—%— MGWOER2E

PREZREINE

100 120

K 3.8 tRiER/KE S MGWO -R/R S 875 15 25t &
ME 3.8 ATLAE H, MGWO K/R 2 H LM TR ZE M8 AEET 0, FREtie:

R /R 2 EIRRUE ERAR, IREREREK .

DNIRAIEAS SRR i 7 VEAE SE PR T B VERE, DA AR A%l BE B3 LE R IR B 5%
SR IPEREZE R . SRERBUE R B A Hinh, A% AR ARG 10min SRAEAR K 8% L
B, FFEeRSE 1R, B3 144 HIREEEE, ZJRXE/NT 6 HEFEPCF %5, 5824 41
REVEE S . Al R/R S PEES S AT ITRINAS R, W3k 3.3 .

R 3.3 RS R SO A S R R A T T 45 SRS EE

A5 SERME/~C PR R SEETIECC  MGWO R/RBEETIME/ C
1 67.5 68.1 68.52

2 65.06 65.09 66.48

3 62.06 63.07 63.86

4 59.44 60.8 59.31

5 56.44 58.1 58.5

6 54.94 56.15 55.54

7 54 54.82 53.48
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8 53.81 54.2 53.67
9 56.06 55.35 55.52
10 60 58.22 58.54
11 64.5 62.1 63.5

12 68.25 65.9 67.65
13 71.25 69.21 70.5

14 73.5 71.86 72.53
15 74.63 73.57 73.79
16 75 74.45 74.5

17 74.63 74.56 74.63
18 72.19 73.2 73.56
19 70.31 71.37 71.48
20 67.88 69.21 68.58
21 66.38 67.46 66.45
22 65.63 65.33 66.58
23 64.88 65.43 64.51
24 64.13 64.63 64.37

AL LI T AR 1R 25 (RMSE) N br A B S0k I TG B, RMSE H5 A i =(3.29):
RMSE = \/izzgl i =902 (3.29)

XGB29H, yARKSLNE, yACKBIE, n ARERHEALH, RMSE [E#NMER TR
FE kN
A3 R R 2 R R O AT S 3 T iR R 22 (RMSE), 4 RAnEK 3.4, 5K
GMWO /K & 51 RMSE F&1K T 60%, TS FE# .
2 3.4 FIRSUEPEDESGEE G 277 1% % (RMSE)
PR R 8H L MGWO /R 8HE
RMSE 2.7911 1.2189
NS B B B O T S I RS R, 4 TS LKL, i 3.9 Bk
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8 0 I ! I | | | I | ) |

SoHE
—o—iEFERE
+ MGWOE/RZ

75

~
o

ol
]

TERRIRE/C
@
o

=2}
o

55 -

50 1 | 1 l | l
2 4 6 8 10 12 14 16 18 20 22 24

FAERTEl/h

K 3.9 SEvkesct i FE S SEIE ) A 15 DU B
K 3.9 BB T R/R S Sk O r i IME S5 SEIMEY S 18 0L, AR B BT e
HERIR DA S B WRAR 2 58 N e 1, HAINME 5 8l S ; e SE T IR 3,
HT MGWO R/R2FVEIEEAWIENRD RS RAEVIIGSH TN E i 2B 1A 5 5 sl
2. STH5, bR R T MR ZAH LERRE R /R 2 5> T 60%,  FiftoRs B2 5 &

3.7 KEINLE

AR T T BT AR B I A T 3 7 B U e (SR . R AR B
PP AT B A2, it MGWO Biort H T Ml SRR %, 2 T R/RE
W LR U RS B . R DAAS R SRR I HEAT M AR IR, WA, SO T
MGWO K /R B 005 (IR 25 TRUUKS FE W JE R ER, $ MR ZEFRAIE T 60%, il i
WP B 5 T Bl
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BPE ET SVG 5 WebSocket i Web B35 755

b5 AL Fuk I I RS IR R Re Ak, HESTA RS . AR RAY B, B
WPEGRSE O, FEREAN S 3l M R e R i 1T B A B, P T DAAR RS 7% H sl S B FELS,
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