FmE 3 A KT

B+ ¥ L #® X

B H: HHRELAZKUNAGETEEN

B 5 A LS
=\ T b5 A
e S i HALER SR
Al S =

SERCHE 2022 55 A




DU HFRHROR AR L A8

R MO R G 55

BE 5 AR R
RREIT: HA alauR

2022 % 5 A



Dissertation Submitted to Hangzhou Dianzi University

for the Degree of Master

Design and implementation of on-line
monitoring system for band sawing machine

Candidate: Cai Kun

Supervisor: Associate Prof. Chen Keming

May, 2022



DU B TR E
ALV ST IR 1) 1 7 B A PR SR A B

JR B 7 B

ANAEFY:  PrEZNAALIRIC, ZARNESITRTE SN, MAZHEATH TR
FRIER . BROCh C2E ST RN A SN, AR SCASARM A NS e R BURE
L A B o XA SCROBIE T ok I NN, 2 CAE SR DA B 7 ks

HE AR SO BORE B AL Z AL, AR NARH I R DT

1=

1w A7 HH.
(RSCEE = T <4 FI: 20224 5 20
AT A P EEAR B

AR NTEA T RRBUM F TR RS R TR RS Y 22 A SO e, B RIS AR AR I
A AL R SC AR B AR BUR AL R AT B RO . AR AN PRIEERL AR, Ra&ig S
A PR SC AR AR N 8 4% B AL IR OO T REOR S e A AT BUIR B A A 18 SO SR B
P, RVFEBRAME BRI AR LA SO Bt > A2, AT LASSVRRAISEED . 4B
B EHITERRFIR . (RE IR SCEM S 5 87 HE)

(ST E T A 20224 5 11 20 1

LS U= T N1 I 20224 5 4 20 H



L R TN 2 e VAT

wm =

FERREHE RS 5N, FERAT LT SR e i o 7 SRS = A . B A N A = 198
PR 3 A7 AE LR )@ AN BRI AR SRS 28 ) SEREAT IR . EIZ8G PRIRAE TAR L FE
TCEIREN 0 S5 BB OIRAS , AR ME TN 2% 1) A F s ST IR ISR B0t K, T AA 2 ) s
AN, I B A B K

N7 SR R A SRR SR IR B, ARSI A SR T B TR R () Bl R AE
AN RS A EVT R REM IS, AN X ERE RIS A, SR U A i B R AR I 2
BUs S, W Bl Wi-Fi FAER ST DN . =7 G5BT EE 9 &K 25 Web i £l
INFEFE, PRI R R . IERRIE RIS . ARG TEL I, R Iis k. i T
LR PRIIRE TR K .

N T AT IR SR TR AR T o TN AL B S Sk BB RPN P, A SCHR T — BT | G M
RS (Complete Ensemble Empirical Mode Decomposition with Adaptive
Noise, CEEMDAN) 1% N LR (Artificial Bee Colony, ABC) &L FISZ M &Ml (Support
Vector Machine, SVM ) & 25 & 15 i ) AT AL 5 &= . K RERMTIH 71 IRNE T H4T
CEEMDAN 743 fif, e HUUH FEABAE e m) &, 385 oot B IR E ABC Bl SVM B4
ZH ¢ M go MIAEW], Sl BEIEA D BRI RIS 3] 94.01%, KT AriEEILR
87.88%, i it KBt

T AT B BRI A . AR AT st R, AR SRR T — B T Y
K= MIE =Bt (Large Triangle Three Buckets, LTTB) SHILMIPERFET R AT KMEERA]
RE DRI R AR M AP, a2 T P B R B AR PR 1) 1 7 e L BB R i e vt b
LTTB K153 & B R BRI R R @, SCERE, FERFET5)E, SOl EIER U 72
TR 87.4%, HWARHEREIR G T 13.3%. SVM Al HEdR b BE 5 T — N e, Hig
EC AT FE AR AR X R 227 6% LA T o 454 ECharts BSEHI R LA 81T, raifk ez B ERAE B FERS
WNECTE, NAF R RN 30%. 1207 SRR FEAIS 1 B R s U 2508 1) AR BT, Ak T
BT P RE A N AE 5

KRR WK RG. FRFMIIN. SCRFENL. NTEERE. FERFE. BTl



L R TN 2 e VAT

ABSTRACT

In the context of intelligent manufacturing, the sawing machine industry seeks intelligent
solutions to achieve industrial upgrading. At present, domestic sawing machines generally have the
following problems: the real-time operating status and sawing parameters of the equipment cannot be
remotely obtained; during the working process of the sawing machine, the wear state of the band saw
blade cannot be known, and the remaining life of the saw blade cannot be accurately predicted; the
amount of real-time monitoring data is large, Visual rendering is not very real-time and has high
processing overhead.

In order to achieve remote data acquisition and real-time monitoring, this thesis designs and
implements a set of online monitoring system for band sawing machines based on the Internet of
Things technology: Through the self-developed intelligent gateway, it connects downward to the
sawing machine controller, real-time collects the parameter information collected by terminal
equipment, upward through Wi-Fi uploads to the cloud platform for processing and analysis. The
platform distributes the processed data to the web and mini programs, providing interactive functions
such as visual display and remote control. The system realizes the actual needs of online monitoring,
equipment remote operation and maintenance, fault warning and so on.

In order to predict the remaining life of the band saw blade and improve the recognition accuracy
of saw blade wear, this thesis proposes a complete set of Support Vector Machine (SVM) saw blade
wear identification and prediction scheme based on Complete Ensemble Empirical Mode
Decomposition with Adaptive Noise (CEEMDAN) and improved Artificial Bee Colony (ABC)
algorithm. The collected cutting force and vibration signals are decomposed by CEEMDAN, and the
kurtosis value is selected as the eigenvector, and the SVM model parameters ¢ and g are optimized
by the improved time series obfuscation ABC algorithm. Tests show that the improved algorithm can
increase the wear recognition accuracy to 94.01%, which is greater than 87.88% of ABC algorithm,
which meets the needs of the remaining life prediction of the band saw blade.

In order to reduce the processing overhead of massive monitoring data and optimize the
visualization rendering performance, this thesis proposes a set of downsampling methods based on
the improved Large Triangle Three Buckets (LTTB) algorithm. In order to maintain the original data
curve characteristics after sampling, the improved design of adaptively selecting segment points
based on distance and discrete degree reduces the problem of "spike" loss caused by bisected

segments of LTTB. Practice show that after downsampling ten times, the improved algorithm still



A & SN e i DA '8
covers 87.4% of peak points, which is 13.3% higher than LTTB. The data processing speed in the

early stage of SVM is improved by an order of magnitude, and the relative error of the extracted
kurtosis value is less than 6%. Combined with the instance splitting optimization design of ECharts,
the time-consuming of visual drawing operations is reduced by dozens of times, and the memory
usage is reduced by over 30%. This solution greatly reduces the processing overhead of sawing

machine monitoring data, and optimizes the performance and memory usage of data visualization.

Keywords: Band saw system, Remaining life prediction, Support Vector Machine, Artificial Bee

Colony, Downsampling, Data visualization
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P AR A LAT g JE A PR OB, A SR PR e AR DI AR G T - SR S i S L [
& LAF, BRI AT, R R TR RIRE A, AT AR S K EEE TAF. W3 A
MEREEA S, AR RLIR BES ) N IS BIRIIA AL E . SRR ELS e FH Tk K Ay, e
PLIXEN T~ EMNBEFFe s, sl mod e sl . BEMURGLRFEEINE, N R AE SR H A%
FEDIE (14 IR B g 30 9o o BSR4 2, WP B 2B AT il . — DD SE SR il T BRAZAS 5 3R W
DIRISERE, DA LR S, PREEAT B S A IC IR T R 2IRIA AL E, 5Em— T,

/ 174 [l

Kl 3.1 X Jmi b 2k ks =K
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PRk AR AR RPN 3.1 foR. SRR )RR IR AN AR 2, AT H L2
RS, B VAN 23 ) e A - <G i e 2L G e Al oA A O R — i
NEREE S BN BRI BTSN, BRI A X 7> B A BRI KD

DRI, B LR sl 7y, ahEe T st skis s, RN PEREEE R R AR T, T
KT EES, REEERYIER] . BEvlszhe] Lo i@ PiiNasl: dai s Emestniss, - UrE]
LA, BRI SE v TEEDT AL IE s, M N RIEAME D) RES:, didtss
ST N IR B HE R T, 1CAF veo B ZS, PEISEN. BEAIBEN & BN e B HIE D)5 .
sl e, AR, SEDIEI AL, kR KL KT R

3.1.2 ERNES o

R Z TR AN 20T, BEEEEVIZIIEHEE, ROt 4 B4 b I 1
VNGRS R AE SN o

P B ) L R A5 W I A BB R (R 429000 By R B L SR Jen,  [A) ey R FR V) Ml
ST RS T R BRINE R, W HT IR iR B R AR . A2
BT A B AR R AT A, R 2 7R BN BRI AT E AR 00T o AR SORECE 4 Bk
MR A%, BIRRIERESE .

HREEREYIZSEM—S8it 28, £ 3.1 iR,

*x 3.1 USRI S4

ZH g DA P

YR R m/min s A S T
HE4 mm/min SR I I B 1t 4 R
LA AR / Ml AR RF
SR / R SRR VNI
BEEE R mm/min BRI IR B 2R TR S
PR &S cm?/min A I 18] A7) ) T A
DA [A] min ARV FI 18]
DIH AR cm? FARMYTEI R

Horfr, TARMBIRE. SRR S BN, ERE R BRI k2710 b
R HABSHEEAT TR, IR SRR ar RUL 24T B0, 2 VTR . DIHIn
8] 5 RUL AHSRHECK, HR S AR A

bR b, VIR SHOA e B B BEVE B, BEARINERE S H S EBEEREZ,
FEHHENDE THM I RBESEINE S VIR k3l AR LR RS S0,
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VI A5 5 F s A% AR S5 1 e TR FAE . Mei Wang 28 NBEFR BT, VI % 7] A
BERURR, HAEIN T R sh ik, & sy e £,

WG 5RIEEZ TS . 5T RS, (H5 2 R2WURE S MBS+, 5t
A MERE, 5 ZHEATEINRIN A A R AL S E LS4, e Lotfi 58 N2 M 7 A R
At T B B IR, T TR it T L i B R R

PR SHE SR T BN L TR = A N LS . AU T4, I A2 T DA R
Wi J) BRI Ao Bean v 1RO S 1 52 S A S SRS 5 SR I IS A S 40 EMD 73
fE ) IMF 2> 2B NFRFES S, SORAHE RS (H 5 RS R A2 AT & 51, BAS 53 77 :0E 44,
RORE K

RS 5 LI &, TR DRI I 22 7T UIHI N 1R/, AT RAEEAS
EERHAVIANME S AEABAARMME Nt DL ERBRE S ERENE S, IR
SRR R AT RERL G, SRAE 9 ] BRI i NRFER,

AL RIS L EE A ES B DO s EaE T B E B E, RSB EAN, BRI TR A
R . ARG BOUAR R 2 S MRS, AR A8 I 0 2 AT A S 23 A LYk D T AR
BB B IS IE S 8. bl Chuangwen Xu 28 A\ AN T EL BE 5 A BE R B 35 25 5 i)
DIE| IR0 3, 4 FH VT AR B45 5 SRt 70 70 BANTH 1) BE 453155 O bb B — I S HCE k391,

RYE BRI A, AR SABIRSIAN DI 145 5 LEBCE B, A SCRIZ AL BYE SR G 1
Tie BT A FR G0 S I HE SR A 53 BTS2 B J5 DR I AR A SR SRR B IR Do FEAL s, B
DA PHM2010 JJ L BEH A T HUR 4R R SE A B B M SR I, Z33R & A TF 7 =1 1)
M1y RNV —A B RSHME ST RE, Hat-bME58dE, BLE— D
BHE. BT IX=ME SRR RS LS AACR RS, 055 25 SCHEAT AR 7 AT

33 HIEEMENE=

W FE 8 2 TR R 75 i TN 2 1T, S B WA B 4R DA AR AU A B A D9 N R L f B
EDI A R AR A AR o T Al A BB IR A AN A 4 i ) 78 B3R 1) L

1.2.2 B FCIR 2 21, T DARE FH Gt Sl R R A Gy, B STk [27 e £ D) I
TR B R ROA R EAL RUL, (A e B U I 202 5 U0 Hl I T AR e s o B DI HIINn T
ARLeE . BENLMER, ARGiRAE RS E] RAS . RAEB RS LR R, HaitE
A RE R RORAE

JIT BB FR 285 1) 7 B ) R i e i s Bl &, RT AR SO S M R o B S B A 7 2k A
ToIEBEAT SELG , A SCREUE F PHM2010 2 I & 85 46 iz 8 4 F 6 407 H (et cl~c6)
M EREA, Ho el o4y c6 NUIZREAR, 2. 3. o5 MMMEA . 7EDIFIEFES, X =
HITIEI ) Z 1R R 3N LA S KAHE 5, Hat-BAME S8R #E17K 4, 73 licE X-Force (N).
Y-Force (N). Z-Force (N). X-Vibration (g). Y-Vibration(g). Z-Vibration(g). AE-RMS (V). i
BN 300 MEHERE SR, BACHENEIL 10 /1% Lid EAMERERESE . B4h, 15
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MRS (RE—T)) WA, W) R RS E AT, TN B il s S
EFIX 300 RYIFEIE ARG ) REREN R (BUIN s KRB, AL 10°mm).

T AR RS B, BUREEERE SO ¢ 1 001.csv, WA 3.2 fin. B— 47 8RR
— ARG SHRE, 2 LAWK EIRH ARG T 0 N, B E R U ¢l wears.csv,
e 3.3 fs. B—ATHIRAE — )G B EEE, £—-2RE I8, S =514 5%

RAHTTT TR =TT ARV B R

001.ct
_001.csv

2

[cNoNoNoNoNoNoRoNOoNoNoRNoNoNo R o RN oMo R RO N o B o RIS

-0.218,1.

.593,1.513,-1.
.461,1.513,-1.
.386,1.524,-0.
.305,1.509,-0.
.262,1.522,-0.
.171,1.618,-0.
.102,1.771,-0.
.014,1.905,-0.

.704,-0.387,-1.084,0.018,0.031,0.027,-0.004
.772,-0.573,-1.153,-0.056,-0.057,-0.058,-0.004
.828,-0.673,-1.242,0.037,0.019,0.031,-0.004
.866,-0.601,-1.311,-0.028,-0.027,-0.022,-0.004
.91,-0.377,-1.341,-0.05,-0.049,-0.058,-0.004
.896,-0.095,-1.333,0.022,0.036,0.017,-0.004
.91,0.239,-1.27,-0.062,-0.038,-0.047,-0.004
.9,0.614,-1.209,-0.089,-0.067,-0.07,-0.004
.879,0.974,-1.137,-0.028,-0.009,0.003,-0.004
.906,1.291,-1.047,-0.093,-0.082,-0.072,-0.004
.832,1.496,-1.039,-0.046,-0.048,-0.04,-0.004
.785,1.567,-1.021,0.01,0.016,0.021,-0.004
.66,1.552,-1.033,-0.088,-0.088,-0.106,-0.003
027,-0.042,-0.04,-0.056,-0.004
007,-0.024,-0.004,-0.012,-0.004
965,-0.09,-0.072,-0.089,-0.004
911,0.097,0.102,0.1,-0.004
784,-0.056,-0.041,-0.038,-0.004
653,-0.07,-0.061,-0.072,-0.004
46,-0.034,-0.027,-0.03,-0.004
264,-0.064,-0.045,-0.054,-0.004
-0.109,1.888,-0.096,-0.023,-0.021,-0.026,-0.004
773,0.065,-0.057,-0.058,-0.037,-0.004

3.2c_1 001 T FE(E 54

281,156.
282,156.
283,157.
284,157.
285,158.
286,158.
287,159.
288,159.
289,160.
290,160.
291,161.
292,162.
203,162.
294,163.
295,163.
206,164.
297,164.
298,165.
299,165.
300,165.
301,166.
302,166.
303,167.
304,167.

0613707,144.
6281987,144.
1903603,145.
T477835,145.
3004046,146.
8481684,146.
3910281,147.
9289454 ,147.
4618907,148.
9898432,148.
5127908,149.
0307303,149.
5436673,150.
©516165,151.
5546014,151.
0526545,152.
5458173,152.
0341403,155.
5176828,154.
9965134,154.
4707092,155.
9403565,155.
4055503,156.
8663945,157.

0991016,141.
5983129,142.
1033072,142.
6141647 ,142.
1309628,143.
6537756,143.
1826743,1453.

8572923
1576774
467134

7858874
1141568
4521558
8000917

717727,144.1581657

2589982,144.
8065493,144.
3604379,145.
9207185,145.
4874416 ,146.
0606542,146.
6403995,146.
2267169,147.
8196419,147.

5265724
9054997
2951287
6956336
1671812
5299311
9640355
4096385
866877

419206,148.3358794

0254367 ,148.
6383575,149.
2579876,149.
8843423,150.
5174323,150.
1572644 ,151.

8167664
3096502
8146348
3318158
8612801
4031059

3.3 ¢_1 b FE B S H
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ERBHEE PRGBS E AT T B E, BRI SRRALE SRS . JFIREdE R
MR . (AL mmD), X B Jedb AT IH—4L, B AR E -

,  UER
' ARG VBIA

Hop, i AREE—T], P58 VB H B AR S e, IXBEAEA 200 (BLAZ 10°mm)
VR R (BRI S . BERUIRSE v —XIE[0,1] LR EENE, i EoREME TRk
BHCRA . FIN A, BHUIRAy, > 0.9 R R, HEREE#. Wi, JTRIRR
B3 RUL A LLRAEAN:

=1,2,...,300,... (3.1)

rul=1-y, (3.2)

T rul 5EE y & PEAESS, WTLLERAS A yi IR0 H AR AR A R 2
3.2 SVM tRBFIN 5 R 4R
23t E—/NER R B AT BIRIE S o Rk, BaEE. RSN
Faids, TR DA S AR P R S N FREARRZS, BEAT SVM BT B FH AR
3.2.1 SVM F1 SVR
FEZ4E, MRARE HA S PR 4y, e 21248, P22 8] 58 2250
AR — ANV o SRR, 5 A DA K TR B 4T P A AR 23 S PR P 1
(1) PRRFEAS S BILE R TP
(2) P (0E B~ T BT R AR AR S, SR T ) PR B i K
FAEYL, SVM Ay B S SRR A S8 T f (x, w) = w' x+b 3815, I H BT 2E B A
. FrUMAE n 467300, SVM ARALH) 32 ) @2 «
min%”w”2 st.y,(w'x +b)>1 (3.3)
Hrbw=Jw+L+w .
{HEIEZ AT 73 LD WL, S I R AR AT R, SR VRS REAS R 1% H IRLLE [T i P =
y,(W'x +b) <1 (B4
AT ERIXAEIRG, ARSI RS, 20,20 Hi-y (w'x +b)-& <0, T2
b B AR Al
min%w2 +Czin=1§i sty (w'x +b)21-¢i (3.5)
HA R ¢ MENIZH, BN EIRFEAR TR .
EARGHAEH R BAR S, TRRRK R A, BRI RENEE, HRENTT
RN B AR TR 22 37 o ALY R H B2 SR B3 K Lfif, R ZmREUS T Re . 1
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HUN BT RREOR L A 18 S
FEFHI, i SVM BEARUAR B CL2eit e 1R Bl —3f, BRI,
B2, B SVM KGN 1 #la) bk /S mT e SL B2tk vl 75, (ERAR ZREARAIRTGIE S . an
K 3.4 o, SREBIERETIEOURIEIEEZKE . 165 5 MR 702K
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&l 3.4 R4ELNEA T )

B 3.5 FR, BRI —AMRRE EC AR B BT, K AR (x, - x, ) B A 4
1(4(x)-¢(x,)), MITTLRERT 25
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00
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B 7| o ® oo(§%? %cz ®

g

Kl 3.5 kM 52t nT 4y

29



L R TN 2 e VAT

RN E 3.2 fios:
# 3.2 WHEE

R DL SiES AR
1 LR (x,x")
2 E2UENA (7 (x,x)+r)’
3 LR exp(—7 x—x)

NS 1 N e g — s
Eﬁ,ﬁ?%%&,y=;74»0,aﬁ&%¢%ﬁﬁ,&%%%%%ﬁﬁﬁﬁo
o

SR, A SVM BRI HEAT B B 7 SCRE R & F U (SVR). HANFEET, SVM &
FR A K IR P T A AR AR S 20 FTF, FEALTRR B 2 4bs SVR J2& T4 5/ A1 B ~F T A A AR
SVEAETH b, HFR T RE 2 MK AERR B AT A, AT IA BHOE T ) H 1o R 7 R g #E
@)L RFMETI T .

HAR SVM R G T 8] B AR AR U AR 2R MR B 1) R, (LR A 2 B N3 0 e P AR 1 155
o, T BN S HOE T TR
322 L BRI HT

90 4 8 i 418 25 1) SVM BB R 5 an T, 75 B IR ) LA 1)«
(1) ATk EE AR A IS S, X — AT LA 3.1 Z R B3 22 BEAR WIS S0k S 2
BRIt %
(2) ZEWIHH S T R 2 AR AT Ay ] e R, BCE LR AR I SR R A Ak X — S e A
15 3.1 T T, 7R A I 5 A2 i n DA RIT
(3) el X {5 A AR TR A 5 AT AR AR SR B S ke B . U H T 5 52 B M s T3 R
G55, TR AL B — Lo A A5 5 b
(4) BEfucEfE, MH SVM [E1V3 FINAR AL k4T B 5 (0 AT BT U= S o i LB
SVM AL FE XS 2 B U %) 1) 8L, 2 v R RO T RS, 3 75 B4 ] — Le fR A 5002
B B AT A S = AR A, N 2 AT T
3.2.2.1 BEMMRS R
TS 2 BIHREN LIRS 5, TRIURFE T 75 ZEHERR T30, SRORIE B8 5 R 2 RS 1,
FEATE ST ALGHIME 5 /T 778 32 B AT W IS 53 o S AR 460 /5 R AT
T

y

faren

X

o AR A I S HANTE B AR MRS 5 1 70 Ao X A HH 50 P s /)N B AR N 22
i 53 fi# (Empirical Mode Decomposition, EMD) $iAR . #1458 A\ i B i/ 28 e 3 B
FHITIRE SRR E. TR BEEIREEVENRHE, WA T ) BB SRR, (H
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AN AR PR R BEAR A T/ NS, EEREAE, AR
EMD Hi&E M A3 T8 A, B Huang NE 7E 2001 FE42 HE . AHEE T/ AR, EMD [
B BEA BENYE, oaEe g, el LB ##E 5. B Xinhua Shi 58 AJ& T EMD
K DI 7 1) B 7 A5 5 5 s 75 4y (198,
EMD W\ A, S S H AT LA if s — RVIAMERSAS KL (intrinsic mode function, IMF),
RBN &I EAE T R UGS 5 75 A [ a)RBE R AR D) IMF 43 5 253 2 PR A 2% A1)
(1) HBEHN, WMEASESHEAEFSMEZEART—, R MEERE 5T X fl.
FUEESR IMF AR LR B R /ME R, BRAN AT B
(2) R RAR i BB /MEL & EIE R R by T A28 S A6 T IS [ R R RR o S B
AR, BMEZN T SE&LIT T 0.
EMD HE B FE R B B, mite AR UEE— IR 73 R 1Y) IMF FF & 205 a2 id, 7
R L2, RN — R IMF 2l 8 (R 250 1.

BHARLIRIE
(1) KA, HFU§ (Find Peaks) SLIEFRIUEIA(E 541 x (1) BB RAE, 70 %1
BNk,

(2) Llb. FESKME, mHISEEKL,
(3) KifE 5 x(t) IR BAIEm (1), F[FRIPEESh ().

hy (t)=x(t)—-m,(t) (3.6)

(4) AW h (t) 2L IMF 200, #32, h(t)Et2 IMF &, idly IMFL; 5 A
By BREXZEM 14 K E, BRI ERFELAR.

(5) K IMF1 WJE(E5 x (t) Bt 25, Bl x(t) )& IMF1 8320 r (t) o X (t) #4725 14
5B, 135 IMF2. DASHE, B #r, (t) ARE4kS ik, R r (1) 24
TRRTL FOARIARIE S Reso BT ETVEL AT IMF 40, T2 56 T EMD
I3 o

2 JRIRTE 5 x (1) TT AR RN :

x(t)=>c (t)+r, (1) 3.7

i=1

Ff 528 BMD 5MR0 IMF 508, 95 ROUR A (9 005 MORFIE. /2, 22400 4 4R
SSRFAER ST, EMD 17 {E BV ). B 1% EMD A RAERIRBAL T, {3
SRR A, REANOEIREREA%. 2RO RREAE R, &
L AARRFER LR RS IMF, iR &),

St B SM A (EEMD) A E G RIME 75 52 % 4 A4 2630 B 4099 (CEEMDAN) J2 M
EMD (£ 1 INUASCER S5, BT BLA 2R EMD 05 B 5t AT R 0B a7 22—
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3222 SBMMIE%E

AR, NATVER S 52 A 040 1) R ) SR AR, U B AR Ir) R HH T — R BIIREA e ds,
JREE R E MR PMEAT R, HEA RiEtE. BAHSWE. Bt omtESRe s, 35
& A RBATHLES 2 S R ST . SCHR[4312558 1 H R Re A S, by, Ry
BRI 2O R WO B R I RGR . RBF RIS R 1B, (HNSE
R A o AN SO A2 15 B ) EL SRS R A i N T8 (ABC) A4, et Fdh A7 etk

ABC BUERIERE AT, N T0gAMA R BT 5 7 A0 5 21 1 AT e AR H0E B EE R AR
FLE:, R, AW S A A SR LA, AN 7E Ak 25 R R I 4 = B AL«
ABC #AEH, IHI S50 REISos R R, & TES R A R i i @, [ itkE
HF SVM [P iS5t 72

3.3 &#F CEEMDAN F&i# ABC B9 SVM $EEFI K FaFUNNE T 5L
3.3.1 BIRAF R

P ST 45 75 A TN, 5 B S A L R 2 MR 05 P TR B S 5 S 4 T 408 4% (4 B AR
S, HTMFIELR AL G, AT REET SVM HIAEEA RIS, S8 T BB RN
i, EHIERE EREATIENAT . CAAE— I E e B A A S, s D U BB AR
AHARIE AR, TENZAET, S NSRSt EMD I 350 BT AU AE R, 82 2455
T B ABC B30 SVM BERUIR AV . SRS FE5 USRI R BEBUIRA (0-1) J5, 51
PEEBORS SRR BGIERR, B80T — R BRI R, BB 5 — AN T e B
B (EEN09), HIAEHIZEA KR AL, BT RN TE 3.6 k.

<: i :> "III%IIII’

RV TR 508 00 A A HEAT
T, IR

e | - — b |

"R mIZ L &

FEA Bl e ik

EMD I 45459 fif SVM i R A 5

Bk ) ABC L ARAL

RHE SR BURN 26 £ SUM F5 1

L] -

K 3.6 SR
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Hoeft, X ERA I SBR AR T e

T T AF R R, AR B T R E T, NEE T  E Th s =
A EEIY BERIREAS,  DAIR I 358 58 47 AR

% 71 B SRR i ) 5 2 e P O DA (S S W, S XS B O e 4
s, FEER IR P O IRREN S S AR, XA RS B A BT R, & S eI
CUNF0.01) K158, F% HASAE R I IMF 20 &, THE ISR SVM AR )4 N ) & .

5 A TR ) e R R R, ZERUR R b, R T IS A IS R A NRE A
FHHT SVM,  HAFXT SVM PR 1% S BUs it i, vk A\ T S AT it , 2 BT
WEMS BRI,
3.3.2 BRisE S a0

fEH 3.1.3 FRETIRRIEHEEE, Il RERME SIS BRI . BUAT 10000 M
SEE, 2HlnE 3.7- B 3.9 fian. fAE R L B SR H R IR—A,

—— X-Force(N)

0 2000 4000 6000 8000 10000
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0.0109 — AE-RMS(V)
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0 2000 4000 6000 8000 10000

B 3.9 FRES

ATUVE W, SRESIR U RIRSEE, RAEE, FHEAE, HSPr Tl id FE A7 75
A ARMEE AT, JEERE EH T E S RS R LB EM D BE T BLLIZGH c 11
=ANTIEAH, BUE 3.3 Fiasi el wear.esv [ EEHIEE, 2R A, WK 3.10 s,
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0 50 100 150 200 250 300
JI%L

K 3.10 c_1 ZHEET)HOE N i A B E

MEIRRTLAE H, B EHE 2R e s 2 LR Sk a s . eI B, a5k
WG R, TEVIHIA 56 S G0, BRI R G2 IR 5 1 o A E) ik A2 U AE T LE AT AR,
JE AR RIE B —E BB, )OI AR B

FrLL, Ja S vt o] LIRS i 28 i iH B 47 A, B e AR R 43 B - Hp - I 1 = AN BB R
Bro XFEARAE A RIHIBY BOE AR R A BE UK A, 7T DL i KIiR 22

DN IR AL S S BT IE S, KU B S E 3 — N SUIRSE y TEAREA
b2, HEEIEENEMES, 2R RN A0 B A6, TR HEE . LR 5
& y, H Pandas [ corr BRETHE A Z %L, I Seaborn FEM heatmap PRIELZ: il FA 1 E,
W 3.11 fios.
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=02

A0

=0.1

0.47 -0.0

A1

¥ 073 0.22 035 - 0.1

A3

0.017 -0.18 0.13

0.3 0.3 0.16
A1l 2 A3 A4 A5

A4

0.51 -0.086

y A0
K 3.11 F5 1R ER S

FEE, A6 IS KIS B HAE SR BB, X RS R A R RS AR K
FRVIEI . RENNELER, RFEAR, FTLL& X —4HE, BaeIUARER. (CREYIE
S RN AT B SR HE 1B BRI 4

3.3.3 &F CEEMDAN {5 S 4T Fn4FEi=REY

BEEMIRENE AR, AR, BB Z, ARE S EBER R NEHE, ERIUSME
ZHT, SR ENE S AT R AR T
3.3.3.1 CEEMDAN 4R &E

EEMD I Fl 1 S BIE R 0 IRARRE, 22 08 I I-F 1 LUK B A5 191, iff CEEMDAN 2 7
BRI INFSHER BN 4%, 275 1 EEMD R o 15 56 e AL ELUCE M AN 1 16 7 e
P E R Ay A R A AR e 22 5 SRR 5 S IR E AR HE 22 2 LB, AR SCIRZ 38 e 5E 0N 0.2,
LA T

B, B asE R, BLx () MENMAGE S, TR e HET EMD 73 i,
RES IMF] 5 8 SREAR B IMFT, FEERRAE 1. WARWE 3.12 FiR.

A5

A6

A A6
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1 AR )

[
-

B x(t)

A J
7 B 2 H IR om
Y y Y
EMD EMD EMD
y y Y
IMF15y &gy al IMF153 853 a2 IMF15y &5 am
\
RIYEAFE] IMFL
4
STk r1=x(t) - IMFL LIS

K 3.12 CEEMDAN 55— kis

DL, AT K ISR, MREIAR IMPk SEE A k. RAIRBI A RSE R
55 x(t), WA 313 Fiw.

REJEAGF 2] IMFk

A

FHRMA rk = x(t) - IMFk

KIS

A 4
K

Srfiit x(t) =) IMFk +rk

k=1

3.13 CEEMDAN &8 5 — IRaEAR
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n

> x(k)y(k)
Q, = = (3.8)

\/Z X*(k) D v (k)

M (T BUE Y, o i 20, WE R tb(E B, 5 RGGE SRR FA S ml R
EENS 25 IMF 73 B3 AT RFAESR B o JEHCUR 2, U5 S S R L AR B 70 A R A ) B fEL
5, ERLENSH, MilhE SR, SR TR R,

1
Co==> X (3.9)

n

MSHE S EE, O 1 R 1) S B AL & AR A A T IE S A w2, 35975
AR AR I L. ARYEBENLEN %, SRR TAERS, (S5 MIRES AT IES, Uy
JEEEAET 3. BEEI RA, KIRE IR BN, A i 29 R4S, USPE(ESEm . O 3 ek
K, ULEREEARESN ST, FRe I T BRI,

PR R

(1) BIBRAHZME/NTF 0.01 B9 IMF 43 &

MR RGO KT A, X E—FT i 12 A IMF /&M N T(E
ThoR, B KM MmEE S, REW R 3.3 fir.

* 3.3 IMF &5 &AM

FEA R R

BB IMF4 IMF5 IMF6 IMF7 IMF8 IMF9  IMF10 IMF11
0.45 0.5317 0.5293 0.3244 0.1243 0.1275 0.0112 0.0112 0.0043
0.55 0.3466 0.2312 0.1541 0.2292 0.1052  0.0031 0.0031 0.0011
0.63 0.4166 0.3452 0.2342 0.2193 0.3053  0.0532 0.0432 0.0112
0.75 0.0432 0.0376 0.2275 0.1087 0.0723  0.0008 0.0102 0.0033
0.85 0.2379 0.3746 0.0955 0.2523 0.1112  0.0012 0.0046 0.0065

AVEH, IMFO~IMF11 554615 5 FIAHPERRDN, RHIEE B &L, &G =A%
&=, AIREET 8 NMRHIE IMF 7 &

(2) K& IMF 73 BRIPRAEIE

MRIERGOIEE AR, WHEFA 8 4~ IMF & SEINE, HE s, wLE
H Pandas 1) kurt B —8ER . FIABET & 32.31711361 1 J]E ol BURFEAR IMF 4 &
THEIERE, [REEE 318 fin. WEITATLLE 1, 1FEAR UL (10 2250455 5 % IMF
AL IE RO N, B BRI SR R
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3.19 FFEA) IMF 230 e 34K

M EERUUE H, BEAE TR AT, PR IR B AR B2 5% IMF BRI
FEAEAWHE K. Maedl, &5RER AR LS AT MBS AR, B T H B g .
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HHMITELEHKE, IMFI~IMF4 705 N = AN Bl 22 X 45 BEAF . 1 fa i DA 7 &2
FEA SUEE B S AN 5 S B P it 2k BB 0 i 2 o DR % IMF1~IMF4 U FEAE A AR AR AR
(4) B—1hib3
SCRF I EALFIEA AR i S B AEAR AR Pt DAAEAE il 75 2 e e s . i
TASCGERMIEEEOZ R W E, AFRERMEA TR, WHARRAE SRR AT
AT LA#E A scikit-learn & [ preprocessing Fl pipeline B /e 58 il —4k, XX T /E4EH0iH 2L
IR IFAL .

3.3.4 EF i3t ABC B9 SVM [B1V3ITHME %

3.3.4.1 SVM WZS Bk

HR[491F5 H, SVM FREAMMMA S EBISH C GEA o MESE gamma (IR
g)o

[ LA WL T S8 o 2 — MR RS, B DL AN EARTRIRE K/ 7 R
o Ui R A E . BOATTCUERCN 1, M ciaT 0, RATERRE, RRAER
FEIETYE, AL AR, A S ARG . 2 e BT IR R, BN EIRE,
RERRVFIER, ARVFHILREREAR, SEAEIEFRNITE ISR, (HXhE 5
PAN

SR I g ZEERERTEIE o K, HE T A IGFEARR 2 KI5 7
g ARKIS, SR ) B 520 1) B8 BEVE ] o /N, AHR BT AR A — € s ma 21, I 2R 22 ] LA
Rime R, g B/, o BRI, SCHRFIa) B MR RS BB K, (BB 3 (XA A S el £ P e 1 ARG
ZERMETTRE, AR AR FREA ) 7 KR AT

Pk, HAEEETPARZEE GEHRNEAD B, SEZR D o0 /N g IR KN ZR%L
i ERER R, TRLRE K ¢, K go

Zx bk, SVM IMEREHOI T A s B L S S 3 55, I oo ¢ ZEEA Wit
TS, TR, BT PASERRTEIEINSET, TRMERH MR, fF LS
FIE IR, ELanfl Bl scikit-learn /£ GridSearchCV BREUGT ¢ Fl g LLFEE R BE SRk B 2] —
EEMSHEE, PG MR E . (HR2 XA geiE VRN SUE 218 . R 45 A
B )R, BRI R 2 R R M AR — AR I S, T AR R B AR R A T IX
B, B DAAS T RN TR R ge it Bk ki 240, B AE TR SVM Rk sios
F5£ AR 1 T P A 1 1
3.3.4.2 ABC AR Hikif

ABC B, R =R IE R e 510, PREENE . WIgis, Il USRS R
TR TR R RO YR HARCO, 51 TR A LA ) 2R B AR 2O RO 5, R
B SEAT TR S 5] Sl () 7 A5 B S IRER,  DUE IR T ST REAL S 3R — SR A O R R
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FE R R P OR BB A, ANWTdEAL, 215 202 R L .

i I BRI 2S 16 D 4%, ABC [SRfEEUEAE D 4B R T4 %R 51000, BEREEE D
JEEAN R N, A5 E S — AN EUEAE R, RN EIEAGR AT R, EIRIAE
BT LT RIS A fit, B2 G A 3 R DU T DA bR M

ABC B35 R B AN AR 40 R

(1) BB sE: BESE N, HHEERERRE N, 5RIERRE Ne.

(2) 55 i A5 SUEARYEWIABAE AR R, IR 50O SN BT I R BEAR 5 R R LA

TR B8 BT
ZAS I

Xid‘ = Xjg + ¢id (Xid - Xkd) (3.10)
Hr, ¢, e[-11], k#i,i=12,..,N,d=12,..,D.

(3) =3 HIRM T UL, 27 ¢ DERFEIAKYE LR L FH 1 H IR . AR AL
IR FE 0 SR, MR A0

fit,
P = (3.11)
> fit,
j=1
Horp fit 2 AT BEMR X OGN AR, HA
fit, = J1+ f (3.12)
1+||f || f.<0

Horb, iR i DEIRBVENE, BIVPOT R AUE, S EONIGR n] B ATEFE

(4) 5100 BREEEY R SIS R], QR R N R AE PR TR N AR R
WM EIRKRZE, EFr. -5 1% E PR B 5] A E i,

(5) HAhiEE ™4, HEkHl AR ER, AT

Xig = X" A (X" = x,™) (3.13)

Hor, r ZXE0MEENEL, x,™ . x,™ &Hd 460 . FA.
(6) EH 2~5, HIKICRBMME. BHEXIN I AIERIREN:, B 15 2R R AL R
&% ABC HykimfEumE 3.20 Arw.
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3159 A 4 2(3.10) b A SRl
A 4% BT () B8
e R (3.12)it 5 it 82 iR 78,(3.13) b
& AR fit 2% B
A
l H
DU i R T B R —7 S S
HR A 30(3.15) 75 25 YRt Ak s )
B K O DR VPR B B U
SR I AR 5 (3.10) 48 % | RIEREL2)iHH
P (1) 2 8 & R it

3.20 N TSR R

ABC M7z AR AR KRR b i PR i B 2R e e Sk koE , T BadAsitE ABC L)
] EAE T, BRBE R T 0GB R, X IR R B R 58 A OB T TS IE N fit, .
BAR, B IE NAA R R IR R GOk, R RE R R BIRA B S A S B ]
REDY. BTDAEEEVIN, MR Gk MK, A RE IR . 5N R E R
BN A POERE RS T, Wt AR AR . 1, 5 AN ENMER R IE RE 2 ik
BN, SEARARIEIE NAERIE R, FEASE T 58 ALY, X 8 ] BUAR R K T4k T ABC Sk
4 Rz AR

%ﬁrﬂﬁaﬁuﬁz&fﬂf EEVR LR A, T RN LLRYE - IRIER a0 R

8 -1 (3.14)

i > i
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a5 RGIDAN(G.14), RIE G M REFE R :
pi' =P8 (3.15)

ARG 15 EA KGRI,

E0, a B S RIMIE K, X SERR R AMARREAT T R . AMATE S ISR
R, JRIEFETRMER KR, FFXERIERE IR, A AN 58 4 Kt
TERAE R ZEN, 5 EAMAAE L2 T2 E BRI AT REEBE, AT ek A4k B ) T
e, mziaes.
3.3.4.3 ETF it ABC B SVM BTN & %S0

i EF R ABC 535, X SVM B4 ¢ g BREMM, @it ABC-SVM J] A
BEPCIRAS TR Y () P IR U

(1) #ERINGFEA, TR EE H—1, JUHE 3.22 WHEM BN EERR, X%

VBN G BERE AR AR 2
(2) Yidtk SVM 4. WEETISH oo S8 g M RIEH, ¥ o. g FAERRZ
YRR, IR H BRI,
(3) WIihtk ABC HIEHIZSH, . BIFEE N, BIFH RIEHIREL Ny, EARIREL NLO.
(4) WX G 12 TH X EIFAR PSR, H AR R T

f(x)= iXy—sz (3.16)

N

Xy yi 2RI SR B 5 (R RN IO S e

(5) MRIEAG.IS)EEH IR . NEFEANEFEME, WIEXG 12 EE S mhE, KERES
H B AR AT H R, SR H SR E RN, R A 5 2R R IE, A
ARG

(6) TEMEMEMIERES, WEFRERKME, BB EFEREH R N, #iE 7%
IR, ARG AR T .

(7) A& IEEAT. BEBRRAEARRE N, IR 2, FE508 3, ke, s
SHFRAENR, R B ETFRE B IE BB DA R RS ev go

(8) MRIEIAAZ S B L it ABC-SVM BE 451 iH il F A

3.4 LB FNLE R 55 4
3.4.1 FREE(LIEFR

XTI ZREE REAT VAL, R IR BIFEAAR 2 HSE 5 FE I 2257, T A0
[BIH5E, R VEAR A T R IR A I BUE . RS IUE 2WHE R . A SCERBUR [l AR R P
(EEELZYER
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(1) BHIRE (MSE)
) 7 VR 22 2 TR AN L S )R 22 BT 7 AN A, i ek /N it B 30L& R R T

MSE(y. ) =3 (v, - 3" (317)

i=1

Horpry, SEBRE, 9, A TINE .
{ERE T MSE 8 7V 07, N 7 REFENERATI T, B2 RRZE RMSE. I T4
FEAPRZ AT 7 H — 4, Pril RMSE HU{H 5 /& [0,1]. w AfE A scikit-learn

mean_squared_error R ER {15,
RMSE(y,9) = [* 3 (3, - 3,7 (3.18)
(2) RERH (R

T ERAEBEMEA YA Z 5, ZRBOR, ErE SE . dikERuE B
HHEEE.

RIE R R 247y, RAETMEM B SHE RIS . BUATEEZ[0,1], Bk
1, Ut B 2R R T S B Hh 28, I il RSBk T« {8 scikit-learn E¥) r2_score FERTH5

. (v - )
Ri=g i (3.19)
El(yi _)_’)

(3) Bixtkag

Xt EEIARS [FIRE RS RIS AT R, AEHAMSRAFARRIEOL T, BEALYIZR A [A] AT LB
RIER AT VERE
3.4.2 SEAMK

RAE 3.3.4 7 P G S B BRI AT S Tt , AP BRAN R

(1) &N FEER

WRYE_ LTRSS 00T, JRNE S FE T 44 IMF 4 A E SRR, /S 4LE 5 5t & 3+3%4=15
ANFFIEE . B R BB B BAR (E N GREA, A RS SRAZ M BB HUIRASE

(2) VBN KRE

X ABC-SVM IS HU AT ¥Iga4k, Wk 3.4 Fir.

# 3.4 il ABC-SVM ¥ItEL S5

HFEAEN YRR PR EN AR EL Ne c i g Vi
20 50 200 0.1~10000 0.1~1000
(3) A%k
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i 3.3.3 WEE 5 RIEIEIIRHIEE, %18 3.3.4 %74 ABC-SVM 8! ) B4R D IR
TR, 23t 200 RIEAR, BRI SEL =203, g=43.8, B EALIE N EE A 0.0146.

(4) BERILEHIE

DA b3 gt 2 80 3 7] BB ATOIRAS BRI, R A AT A B, TR 25 SR
Bl 3.21 Fome BESTR ARG, 1530 B 0 75 Bk i o

N T BB ABC-SVM BERLIRA 2 AOCR , A SCH I 5451 ABC-SVML AL SVM
AT . Hodr, FRUERT ABC-SVM I 2 BT H PR #E ABC Hik. RILE SVM REUH 5)
PRI R T EAT 35, W o Ml g DR BB KRG I B — NGNS HUE . m&RME R
wanE 3.22. B 3.23 s

improve-abc-svm
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e SEPRME 2
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A
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JI%L
3.21 k) ABC-SVM 4
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3.23 SVM 4

M ERE KR PLIEH, ot ABC-SVM PR 4, 11 ABC-SVM. SVM FH# T H 5L
HAR B R, R . Bk g &R B8 L.

3.43 GERITEE SR

3.4.3.1 it ABC EES SHIXTEL R

N T UL ) ABC XS SVM S 2RALIER . XuEr) ABC. % # ABC i#H47
X EEIAR, 25 Sy St AR RS

% VAR R BOR RAR 17) 02 M SR AL L B &, BT DA BL 3% FH AN 48 i ) 22 U
R ECR NSRRI, AR B e SRR 2 N s Ag (R/MED #5200 1T
DLIE It 28 5% i 2 Mt 5 B A 2 T ) 22 R 2 R L RUDRG P Ll i 285 SRS S 3 e 4 il () 3 AR IR
HORF RIS M. BAR, REB/N, ERKEGED>, FREIR TS .

WA Rk 3.5 Fos, BN HIERE 3.24 Fis.

* 3.5 e

PR ik R 7] YeJe
Rastrigin f.(x) =Y (x*—10cos(27x;) +10) [-5.12, 5.12] 50
i=1
-0.2 ?E 2 1n
Ackley f,(x)=-20e " —erJJcos(2zx)+20+e [-5, 5] 50

i=1
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Rastrigin function Ackley function

=

S N B o e

& 3.24 Rastrigin. Ackley (1] 5% %k 14

S 342 WM SHWIIRE DR, AR E i ABC. ABC MRS HUN B3R
3.4 P o AT 10 U, OIS R A B P - e 2, PRI B0 45 R Bl ik 3.6,

* 3.7 iR
F 3.6 Rastrigin Jit45 R

Bk wAAE xZH P2 BONERREL  BATHE]/ms
ABC 0.135 0.185 0.142 121 193
Bt ABC 3.126e-04 0.087 7.3e-04 127 204
# 3.7 Ackley MR 4E 5
Bk A wZH bRt ZE w/NERREL BT TE/ms
ABC 0.09 0.173 0.112 97 182
Bt ABC 1.546e-04 0.067 2.42e-04 103 197

RPN B ABC 5 ABC X T & R B KRS K. WTLAE H, SOl e
ABC, S HIARiEZ KiE/N T R, (R ARKEORIZ AT I TR A 3 0, 332 Ry 38
VRV B8 45 5 IR MR S8R P RER IR %, BT LA 2 1A LRGeS . (X AR
Kb S AT T3 B B A AR AN 23 DR il KA SRR S, AT B e 1 RURS . P ) —
s IS TRV BOR B2 3R THABAS . HHE BB, AR SOR ABC SRV B el Vet i A 30
3.4.3.2 IEBNARILE R EE S 47

3.4.2 R SEGIMNAAR 2] T =0 LERRL RO RN EE S, 454 3.4.1 IR BLVE AL FR A,
SoF S A A O 4G ABC-SVML ARifE ABC-SVM. SVM R RS R 531l 45 B3R AT PR B
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B S BARG IR XS b, A SRR ZR 20Kk, il sisiT i e A AME, 452R
ik 3.25 o, HA AR IR, B R A N Il 2RI TA] o

WSYM ®ABC-SVM  m it ABC-SVM
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o

3.25 AN ZRI )% bE

W SR AR AN N S NN, THRRE A = 55 85K, BT EAYINZRIN R) AR X%
Ko MWEIFFATLUE ), Sudti) ABC FIENMHIT SVM -2, BARIE IR 7)o A7 £ 1)
AMRRE A R INR, T 2 BOEARESE N, (H AR WSO (R 88 IS - AR, Xk
AE LA -

R 25 SRR AR ZE MU HE A o R 25 R R T 50 AN s B 4 58, {3 scikit-learn
JE () metric B8, THEIEAESRRS, RECEARINE 3.8 .

*® 3.8 BAPEAH AR

it BRAEELD
RMSE R2 SFEARIYIN LRI 8] /ms
SVM 0.06078 0.83265 776
ABC-SVM 0.03871 0.87883 498
ik ABC-SVM 0.01394 0.94041 514

MEFTTLIE S, LGErHElE T, 3T 50EEn ABC 5yE%F sVM 1 S S R i, 15
RIFN &5 AR FS . FLE T RIAHT SVM. 42451 ABC-SVM #78, RMSE % Z 53 3/ T
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3.36 1%, 1.78 15, RPEAFIIRE T 11.8% 6.2%. DAL LG, H =9I 250 RN i
BN, ArLASEERULERCATTS .
3.5 RE/ZE

AT A SEIIL T 2% BT AR 75 A TN T R o T, O Bl 2% 1A BB O R AR R AR
BT 3 A B A0 S 5 R B R L RSN R 5 e ) E BT B . LR, TR SVM T &
JREE, R AATRISGETT . RS, EHEIT T REV AR ASEEL: ST S EER AL
L MRS, B IRBTUE BERTIMHCKES: XN TIRNE SEHENERES, i
5T CEEMDAN W5 77 s HUARE 7y &, X &0 B HATA OG0T, st fh 260t bk Hoxet
T X5 BEA B R A o | AR s 32 8 St I IR E ABC B9%, ik SVM 24
RIS, 93 c. g B8, ELEHHRAER,

BJa, GSLIIMEAXTHE, AT R T RIE] ABC-SVM. SVM, J8 i 50k (R i 7 7R
1E ABC BRI 24, AT LR R SOR e 2R 48 i 2 94.01%, A RKIKEEIRTT .
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AT ETXH LTTB B EERIELIENMUE SR

BRI ARG, DI IRECR AR R BRI e I s, B S AR AR R AN
BEAIR N A )L

B, AR, A N BUE AL B AR 25 S HY DRGNS ™ B Y ) R e R
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