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ABSTRACT

As the scale of China's power grid continues to expand, the capacity and types of various types
of power loads are also increased accordingly, so the reliability and stability of the power system
puts forward higher requirements. The stable operation of the power grid requires the accurate and
timely detection of defects or failures of high-voltage circuit breakers, an important protection and
control equipment, and to ensure its normal operation. Failure of the mechanical part of the
operating mechanism of high-voltage circuit breakers will lead to corresponding changes in the
movement characteristics of the mechanical transmission part, and online data monitoring of the
high-voltage contact travel curve, closing coil current and other signals can effectively assess these
changes. Therefore, it is of great significance to study the monitoring and diagnostic methods of
high-voltage circuit breaker mechanical failures and arrange reasonable maintenance and overhaul
plans according to the results of the study in order to improve the reliability of the power system.

In this paper, a high-voltage circuit breaker online monitoring system is designed according to
the current digital and intelligent needs and insufficient status in the industry. The system mainly
includes data and information acquisition, IoT transmission, and cloud platform visualization
management. The information acquisition part is mainly realized by the main control MCU and
peripheral sensors, and the relevant hardware selection and software process are described in detail
in the paper. The wireless communication module is mainly responsible for the remote sending and
receiving of data, and realizes the functions of automatic registration and remote control of
equipment. On the architecture of the cloud platform, a comprehensive monitoring system with
supporting equipment management and data visualization display is built, and the equipment status
can be viewed intuitively through the Web page, and the mobile applet can notify the operation and
maintenance personnel to carry out timely troubleshooting.

The contact travel curve of high-voltage circuit breaker is an important characteristic
information in high-voltage circuit breaker. Aiming at the data acquisition needs and the
shortcomings of the existing sensor program, this paper proposes an off-axis angular displacement
measurement method based on giant magnetoresistive sensors. The feasibility of the giant
magnetoresistive effect in angular measurement applications and the errors brought by different
installation methods are analyzed. By analyzing the change rule of radial and tangential magnetic
field at the periphery of the ring magnet and the principle of angle measurement, the compensation

coefficient is calculated to eliminate the error of axial side measurement. After experimental testing
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shows that the maximum relative error is only 0.24%, this measurement program can meet the data
collection needs.

For the current signal generated during the operation of the switching coil and the contact
travel curve, a feature extraction method based on the center difference sum of the sliding window
derivatives is proposed, which accurately extracts the characteristic points of the current waveform
and contact travel and provides a data basis for fault diagnosis. For the common faults of high-
voltage circuit breakers, this paper first analyzes and experimentally proves the accuracy of the
KNN algorithm for the classification and diagnosis of marked faults. For the case of insufficient
training samples caused by the traditional KNN for faults with different amplitudes, combining the
KNN classification with the DBSCAN clustering algorithm, the correct rate is increased by 18%.
The combined diagnosis correct rate of multiple faults is also improved from 89.5% to 94%. The
problem of serious misdiagnosis of the same kind of faults with different magnitudes is solved to

some extent.

Keywords: High Voltage Circuit Breaker, GMR, Off-Axis Angle Sensor, KNN, DBSCAN, Fault

Diagnosis
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50.00 17.617 49.773 230.00 197.575 229.775
60.00 24.731 59.753 240.00 204.754 239.753
70.00 36.148 69.763 250.00 216.192 249.764
80.00 56.479 79.835 260.00 236.456 259.835
90.00 90.004 90.000 270.00 270.011 270.000
100.00 123.520 100.165 280.00 330.543 280.165
110.00 143.812 110.236 290.00 323.854 290.237
120.00 155.268 120.247 300.00 335.245 300.246
130.00 162.429 130.227 310.00 342.387 310.227
140.00 167.402 140.192 320.00 347.425 320.192
150.00 171.247 150.148 330.00 351.289 330.149
160.00 174.479 160.101 340.00 354.456 340.101
170.00 177.337 170.050 350.00 357.295 350.051
180.00 179.988 180.000 360.00 360.003 360.000

NS BRI A, SRR 5 R BRI Bk %3 E = 35.426°, M AMH
5% 2 A By, = 270, BHRAI (3.22) W,

_tan(E+a,) tan(35.426° + 27°)
~ tan(a,) tan(27°)

=3758 (3.24)

360°

270" |

180" |

9 F

B 3.24 #1 AR AR AR SRR H 26
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TR k HMEZ G A BIRME S I, S H A R e S5 RMEA IE S 7 A A

N IR RMZR, W 324 . MU bR S IS 2 R B B R IR ZE N 0.247° , B
KIXRZEN 0.07%. £ 100° FIMETEE N, SR IRZERNE 0.24%.

AN AR B B NS B IS, AT DA e B s TR T B 2R 1K 20 & AT AR, 0l 3.25 A

125 : 125 F

100 [ 100

B AT FE (%)

50 F

I3 AT RE (%)

0 10 20 30 40 50 0 10 20 30 40 50
B 18] (ms) FF1A] (ms)

(a)fr i Bh1E (FEE
K 3.25 TR R 2k

3.4 KB/

AN FE Y 2 BB OXT ey s T i AR 7 T 5 DA B A SR S AR R 2SR R R, S BR
SRR R AR A, SR T P T AR RN 1 A FEAR AR B T S AR,
AW FCRNIRIC T ELWERE RN AR Ve, o0t LA Fi FELAE A S0 B o N2 FH (8 el AT PEREAT 1 TR
M. FEEMRE GMR ARG 1) TAF R, Bt AR A R, i o SR 1237 1) A 2
AR O v R A Y o T UL N 15 2 1) T SR R D) [ R B WA S A R ) 72
BRK. ik, #t— Bt Ir s IE I X A2 R 5 U 1 BE 37 e L LR A AR DT IR R B NR 2 o B
2, WIS e, MBS T RAIEOME RIS EE,  JEiZ A A TS R
THRARZAME TR AT AT PR A R, B R 1A ISR I AT SEVE o 12 AR IER Wi I e,
RS0 ey s B 2 S5 A P45 S AU AN I BB AR — 2P SR TR e BRI (R3S 1 o
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BLES % S HORALE S R B R 28 WS 2 W B o 48, 32 T — Mg ah i 1 S 8oL 250 A
(773, A R 73 G T 2 B DA K S AT RE 0 T 2R R RFAE o &% KINN BT T AN [F]
i PS8 A R 2 W R RS L, AR5 6 Bl DBSCAN BERBEEIR & 1 a2 .
4.1 EFEURESBEHLAASE S RASEZ R

v [ I 6 2 L AR G M R T O e 6, AR LIV ) AR DI T LB o iR R REROR 5K
HHEW AR, B S AT A D 7 2 MR FSERAH IR, LUEN AR MM 5. BRA
[FI T i 2 A s, (B AT 2 BEAE A AT AT R BAR DL . A ve T T it s P b o, 48
AL A0 42 8l [ i T A A e 22 (RO T 2 1) 20 B A D A LA R 2 i [ i ) S5 e 1
P, FLAILE S RENE AT AU MR B S HUMBCEIHLA R B iR, i T B 2R R
MBI AR A BN S . RIt, A E R E DAL R RS 5O, TR IR Y, RO
RUFFAIE,  IFCAEAEDN T SO T HLas 22 ST W B AR E - LUK W v e it 28 X3 AT IR

Lar

SRR
ANEE—
SR
SiEE AR LEE
fEahE
panFrse TSR Y (9
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i 4.1, i AR e I AR ) AR RSO A S S DL L, B S AR L s R 1 I
TN EIERE AL A 2 BRN 43 i 2% Bl S = AN e s R A, =AY SR AR
220V fiEH, AILLSE RN R BSAE AN 9. A R ARG RESE 2 AOIRE 2 A D). iSRS R A T —
PR A e L AT e A A7 DA SE RS T BN« 7R RE L3 SR AN B 0 e B T e I, 7k
I NGNS E T sl 2, EMERESI AL R R FINS, BEhFoRIR ek E B
ARAS o BT BT E ik s B AT, AN P P 2RI SO O AN IR ) K [ i 4
P70 B AR o RS T S BB T G HI AL B AR A, AT DL SIS A I B 0 R s R A BE IR
A, MITERIE T RS ke e 1k

W 4.1 frzs, fifBe LRSI [ RS AT RS R B 7 1R AR, 35 B REh T S Al B i
MEPPRASYE, WS EEHR IR E 5B bl B R UE 5 S L,
fiti e R HLBERI T 46 TAF, FEAEBMEBhZE, 1 i i A8 T 50 S50 A6 47 76 6 o fifh e e 3
o EREBSIIESERL, WUE BT AL 5 P ST I, AT ) it R FATL PR e Y0 (48 %7 [0 32

LR EMAA T A W RN RS, & W R AN, BRI T — PR AR .
FEMCEI 48 & 34T WT i B8 A I SRS, 4 w2618 (Bl it 408 e 5, s = £ H&kis s,
e HES) G W R, RERNUIRRAL, BERCE W GG AE I RE . I SRR T & ) £k
HIRBETE, AMUBEW ARG 9 S FEUA Sy iR 1 0L, e OBERES . & WA E IS LA A7 7
) e

& WS AE e R AR, — D7 IR AL 3 T e, sk iizsl, 1530
Fifil sk A5 DA A, EiEE SRR O, A RS A o R, NSS4 1 B
TEIRHLRE ATt . SEWTER 8 Eih T = AR Mg RE L, LRI, AL TAEsh 5 M,
R AR BRI, L3RR AL MR Ae R I A, Y RE SRR 4G ) 23
SRR RN, F A ) I AU S HLAL R BE AL 25 W R o5 vh & AN . 32l
(R SHATFEAMN 5 15 TR Al Sk AR E B IIAL B X RIOC R, ICRRR I BB I AL BIRES
BE, HEESERZAGMENFEEE, Fik, ZATRRR ARG N & W % 25 10 4
T RO EE ) —

=l 5 0 ) ik 2 ) R BRI v R [ R T Y OB, BB B 3 Bl R e e Ak
N Bk s AEAS [ B (R R B AR HOm OIRES o il Bk s 0 B 22 AN T DURCH P i e
for FL AR L 1 22 /1 [B] 26 PR = AR AN R 3R IS 5, AT e ik = il g B A A B RDIR S A5 2.

i e B Sl Ny, BRI 2R S A R ATE S, A e — g AL TERRIRES,  [FIFE
ZEPEHHL PR, dERR 0 B T AR AR e A e . LTS B E, BT B
I, o LRI 2 B G S0k, B o R = A0 Re,  ARBRVLA BN IR &1, Rk
SRR R . [FIREEY, 4 I 2 B H It a2 il 2 AR i 1 R 8 A T XS 7 2 T ML) FR) A G AT LI A2

R,
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411 PDEEAZBEERESHIE

Ru

P 4.2 7315 i) 25 ) 55 20 F i 1

Moy (B TR 2 RELE R, e b H I R AT L AR S8 R . AR I ] 4.2
Pos BITRIARAR, BRSAE G gL S BRI E ) N SE I B iz sl Hir, AR IR
HSHO RS U AR i (BUE R AEEA AL THRATIRES, HHE SRR, mies
2 P ANt 2 18] (RSB DL SRR 88 x AH SR . BB, [ml % 07 R AT TR AR AL A R A

gy (&) TRl o) Sy, e id e R AT L A iS5 R % . ARAE 4] 4.2
Fos I fa ey, Bz 2 i pl IBEsE IR I TH s g ok, KBRS . BRI
AU, Wi BcEEEL N, KBRS BERIER, MESOAE x #15<, TLr Rl
IR R R IE

= + ( )— (41)
WnIEl 4.3 Fra, oy T 2 e B I A BRI OB AL FE T EA2 9 BU R JUANBY B
(t4,1,)

(t; y—’—"‘

(th)

28 bl H A

A [t

K 4.3 7345 e 2k e B LA 5 PR O
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FBrB (to~ty) - LRPEIPLERIRIBR I8 )5, PRS2 R LA 77 B8 FEJAT T 1 0 i 1 K
FERAERES, Y2 P R S AR, RRa AN . L, 2RI
HUBME L(x) REFR/ME AR . BEFT B FL i T BAR R 9

()z_(l—'“) (4.2)
EMETF B, M EXTHOE g n, AR (4.2)K Fi2 850115 B p B E AR
_O_ — 4.3)

ESE2lbey ek 72 P RN T3 DNl B A N 7 Y P S e R v PR i PO I S )
{05 =FN WA PN N 7 T Ay DA B e p e

FHPr B (h~ty) . BEEBCIESEE v BETOR, H AR x S EURE
b2 R A R AR, R AN B B iR A O :

- O+ O+ Y (4.4)

W

B B R T, R AE T — AN v i()dL(x)/dx, I EE— AN R EEH,
HHERIEMR, *SBEE RN B33 %), BOSEAEA BT, BT
P N

BB (to~tg) = IR I 2Bl il 21 A ALY, S BORLR R A T B, R
FAL ok 22 % DL AT, 2 SR BTl AERXM I OL S, 2k 2 o Al i 5 B Je A EE 4
P77, 37 2= A R 3 T ORI e e =)y, (RIS Sb B e i 535 A2 L 7. Bl
24 Pl LU F R 2 B S B I Kok 3, Rk s n

()=(2—§)x§iFl+E (4.5)

FE(tg, ig)it, LERTERS O 2 W HEsh Rl 2B A0 8%, AT A5 B F AT LAL) fd 0 e B IR AL,
RO SRR AR, B2, Wrkds AN A L 7 SR 3T

BB (tg~ty) - AEPROHGEHABATIRZ S, RSB ALY i=U/R, XAHr
BB TR E, B BORIE L AL .

BHB (ty~ts) = %], —AF LN RO a3 58 i 1 70 S If e 2 1isfE, ash
o< B Bhfi sk 2R AR A, SR [ Bg FR BE R S Wt (B W] RE DR A 2R R, 8 H A
(5] 680 B VU 8] 22 5 DI B, S Pl HEL AR TE B & 00
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1.6 4

1.4 4

il

2] fri
1.0
;{50.8-
?ﬂo.fa-
Eid

0.2 1

0.0

B B (o) i
4.4 4%, I 2 BB SR LR 3 L

IR el F TR0 R . R A SRR . — B @B X e ifsE, MU R
BN R AR A W, AT RERE—2D S B e A 5 IR, AR RS R L BME
Re 7, A R H T SRR S AT KU o b, XTI SR i 1 1 0 A2 T SR A5 T A b 22

FIriAS 0 53 19 26 B8l FELm IR tn 18] 4.4 B, TR E S & A& B iRk B A EER. o
i) 2 P 7 S = B E HIR s kA, oA T 2R BB T TR AR AE — 2 X o 7E 22ms B %]
Fohis oy LR IE L FUIA RIS IEAE, Wik asdtaT 10 . 25 58 B W7 G 28 X PR S04 1 75 SRANA,
— AR BR A R BR S A AR SRR . F T W T o 1R A R S 75 SR AN, BSR4y 1
B I BEBN A AR A G . Rk, BT R 2R AE 43 T R T B LA B 45 A e B A AN AL,
B3 T Bk A B i i S A R AR A B DI, T A T B 2 04 30 A B 1) a3k e iy 28 [ HL 9
KREEIE R & 4.3 v B IR R IR e B Br i B D . 4y (5 T 2R e HL I I T IR AH AR
ZAAET: [BIE% T 15ms JE RS AN, LIFE 19ms BGOSR, HESh - Hh 3ms A2
FiG, BERRE R ESLIL A i . X SRR BB S RHE, BRSNS HENE, AR
Wri phAk i . o mT It e A 0 R e ) i A
4.1.2 EiWETIEESHIE

SATIER sk Es e E, EHPEE TRETEMIFETERAN . £5
WEIEH, FFERATHE R T8 Wik 2% Sk Bk ik Sk 2 AT — BR R ES,  Bhfil sk AR ERATAE I
KBS Ep ki, M & R RIS DUER: . shFfil sk WIS HCANIE &, EIX2 )5
PIATFE NHERE . FENIE B2 e Fra R difil sk FARRC s Ee k&, DU CR 2l it i =k BE 18 22 [ F2
o HTZMENAAAE, Bfihk R shEBUE T B & RO S AT R = A — AN B 5,
wJa, fmskial B SATIEM IR A E

W AR R sh fl Sk M ERAT RRE WK 4.5 Bvse (o, o) I oBT 2l Sk HF 4R 301
RN BR R KRR E , HEEAE DR, k2200 E M 1R, i %2 J5ED
FaE B RATIEN &
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(t, 1)

Sy AT RE

B {7
K 4.5 &l shfid Sk AT RE Hh 2R BB Y

4.1.3 ETEsNEOSHFOESMAVEHERIUS &

FAESRIUEE AT 2R 20, MISRAT AU KM T AN R TR AT R AR B 521 i,
PMRULTEE NTEE N HTAS IS 5 BB I RAL &, 2 I OB Mo SR BURIE s £R
PEAE NUGE T 2% M T 19 225 5 P AR AL RIS NI 26 Bl s 34T T iz
SFIFARIE B R AL R R o SR X TR], B SR 75 45 SRR . AT IS 5
Rk bl i it DLE a2 Bl it SO HAR RG], it 17— B AT RIS U SR AL 2R
ZET. FHUE T

(o= “[no_: “[no (o+ D)= (o) 4.6)

SRR AU REE N B HU B 55, RS BE Y 5 kHz, HHLE AN RAE fA] Y
ISFIEJE] R 0.0002s, BEARATTS, WIRAE SUAME SRR M2 ME 0 RIT UL B . BE T
— i, A AT RCRAE s B AR A EE AT DL 5 I R i 2 (R R 2R DA o, g —
R HE SRS A IRIE
(o+1)— (o)

0.0002

THEHBESHSE "O)E, BECER751ATE, 13— HE e sl 5 480 E 1 7 =k X %
IR Z AT E,  "(O>0mHefE () =1, kzHN ()=—1. - BESXH
[, + ], H{ESMHE GO =Ft)+Ft+1)+ +Ft+k), ZEE Gt)FE A KX 43k 5
SEAR 5 PR X [A) AN BRI g X (R], DA IR 2 15 5 AR O SR/ IME s . IR (E
Ry T HRX ], ARG S B R AR M BB, 70 R sz ] 2 IR N
HIEIL T, X GUZEXHER /N FEAIIE UL FE A, W 54 re A e M B B A2 4x

(o) = (4.7)
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AR NSOy RS Bt . F, BT ES XERKRESEWE GOEMN RN, XEa
Wi S5 5 X o) 15 A9 P X[ (1 R0 L E o

AR T —FAR NI s i 3B = TR T . BOE RN 2a+1 1
W H, WONREERESN (- ), (= +D,. O, (+ =1, (+ ). it
CASISVEE SCIRESEIGIRSYAE STREE S gl )i PN IE

+ -1
O= ['(+)=-'(=-)]= () - () (4.8)
=1 +1 -
F—155 R E AR HARBEI RN, t i OMEXERaE R, Fit
A VA RORANE T BT . B IHAHE . EHE SR BON R R B, WO RO E
PAEMERN, B OMEGRRIREEBE/N . 12T, Ris ZA 80 07 B0 1R L
RG9S B sh AT REAE 5 HEAT 70 AR S B
g 4.6 o, ZoMiZe OBt A AU 515 SR E B B S EZ AR A
LET RPN, ()i EAE R B Sn] DOk 2 m R . R, & 2k e
ML R E S (O B B AR AL EARR B P& 1 2k Bl FELIALAE 5 D &%
FRFIE R B BRI B S AT REPE, IR T IR0 S e A SRR AR, I T SRS B
SEINMERE . ATEE. XS EEE HOR/N a (A FBUE TR RN Z M OBIE, FTUE 2 a=8
I, FARAE . B =5 A I 2 Pl i I 28 R AR AR KN B R R B 4T

+ ) HL
P
i Al

- ' \\ a=5
(t3’i (t4’l4) l‘lFs‘l —— a=8

(t1!

S S

2 B LA

Rt
Pl 4.6 TR I 15 5 OB E R IR
WAEE 4.6 F 5 0K/ a=8 I ZEDFIZ () SA R Bt Rt )
R RIIZNRIENE o oy sMIBEARKER, XN T ov ov sMIMEE. (MAEN o 2
XA E 2 B i KAE R 3~ 4 Z IR B, ML E T LUET 2 G — NS
BRI A AL RR . T SRR G S AR R i K R E, B B T ) s KA A
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4.1.4 HIERI L 4FIEIREN
(1) 218 M i)

B 4.7 2 Bl ks R IR R A

WL LR P A LR B B R AN g RSl RIS SR . R TR R A
FAAEN . R RIS I = M AT AL . W 4.7 B, Oy TRV RIR Wb, See g R
RSO RZAM IR B B 17 20, B A S AR b R R - A R BH T, il 2%
JSE AR A R CR T,

Pt 25 R SIS DL U AL 47 R BT LA R S r R 22, ORFRIRE AN PT R 775 B B
Vi WA YRR DL T 2 30 o U B it ) B 1 L R T RV AT SE e fR T R VR R AN R =
TR FREE R LA, IR 55 220V BT L R 2 160V, LUAS 3 5E B
S RRFEXS B

LA i 22 8 ], AR iR MO S B o th £k, N B IR PGS HBRES, Xt
B 4 FORES . &l 4.8(a) s, & 1 £k ] FL It OB AE B P S [R5 R I H i 22 3
PERFIE 32 ZEAR AL SRR 2 LA L2 I Z56 B AR AR B 2 b, IXRPRFAE ) S 25 AN R D Ji 82
IR 73 S R 2 W ARSI 1 o8 HA R Bl S i
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RN A S R SN 2 R = Y VA 798
T AN [RPRAS T (0 28 B LAt i T 22 53 R R BEARAE R (b, 1) (2, 02)~ (ta,iz) s (ta,ig)-
(ts,i5). 1P 4.8(b) A7, AFPRE T BIFEI—FRE A ZRBONHE, FUiE X 5 NRHE s,
IR 10 AMRFE SR & 0 22 BB LS S5 AT 2 Rl 25
(2) %3 il Wi AL A

B 4.9 Al B R AL

WK 4.9 Fiios, A 7 BB A = fl A 2 R s, 78 250 R 7 AR He DURR i) 5 5 4

AT . FHE MR 8 A% AR B, — BRI, o BRI BT 48 (1) 40 R R
HH 2B 7 252 2R SR A K R IR, R se g & w a1k .

TE 58 A FEAR AR I IR 23 e, MWK 2845 RS E . T 50, % E 75wk

BIFEALEN 0%, GRS IFENEHN 100%. W& HIEF RS S -REZRE T

A AT RE M2 SRFAE S L an ] 4.10 B o
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Vo
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Fif 8] (ms) Fif 8] (ms)
(a)fTRE 2k (b)RFAIE s 3 AT

Kl 4.10 IE% 5-RIEEIRES T A WATHE
e ST AR M2 2 BRI S E B At 1) (6, 1) &l 4.10(b) 77 7T LA & 1o 00
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IR S S N 2 1 =2 DA 9'E
4.2 FET KNN 05 E B S5 5512 W

a2z SRR A Bz . BRES OB S EA T Z NS, Jpd
TEREAEIAR, IR R AR CLIZHT R N LR BE S IS AT HT S o 75 5 1 BT % 2 i e 12 W 4
W, KNI ERBAT I IMEI, e s hndEmf A WS s R A st &, Emie
Wr AR AN R, KRR 1 RGN 2 aisiT BA T EE N E .
4.2.1 KNN &%

K iE4F (KNN, K-Nearest Neighbor) ke $dE o th BRI —Fh a7 vk, &51E
1968 -4 Cover il Hart $2 U2, A RN— P BB AR5, T 2 B T8N0, HAE
A SBAE R AERFAE 2 (8] v TR 5 By 70 R AR B AR K MR, R8s T3 280,
WP 73 AR IS A« ZEIER PSR RO T D Hs i FEA IR AIE B, TS
e K MG 17 7 AL AT 2% L& I BT FE A K &

ZOTEEET R E MR 0T — M RAEA,  FERE A [A] 405 AR K
MR, HHPRZEHETHEANLN, WA BRI E T80 2 E IR SRR
H R T D B AR AR ZEME S, T KB EUE IR TR 15 7 FRARE AN Bl 25 8 1) AR 1 A
AHE. B, KITBEIERAE I 0 b R H B 1 K AR A ASRARR AR AT
Gy KPR TT

KNN FZH A KAE A SRR 55— R B mUh 2 o0 B8 A SR e B o 5 ] SR M0 2 o
(Minkowski Distance), tHAEFR A 3] PG A 250800

1

n p
D(a,b) = ( laj — bi|p> (4.9)
i=1

Hrr, p>0 B—AMAESH. Hp=1 I, (FrlESFH2BWEEE, WHOTEXERS,
TR RAEARAR R BV E IR AL SRR B A, 4P v R
D(a,b) = lai — bil = [x; = Xa| + |y1 = y2 (4.10)
i=1
4 p=2 I, BJIREEEEAR YRS, RIRKJLEAEE, Jf& KNN Sk i oy iR H]
f— AR B LR TV R IR 2 RE A BT U i 5 s 2 TR ) B et B, 2 4 [A) A ) R 3
k.

N~

n
D(a,b) = ( la; — bi|2> = \/|X1 —Xa|% + |y1 — ¥2l? (4.11)
i=1

EIA U ERES [ ) Ui Y 3 = 4k Bl v 4R
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