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ABSTRACT

Instrument-time (time of shutdown, time of standby, time of working) can effectively reflect the
utilization rate and idle of instruments, and plays an important role in the open sharing and
performance evaluation of large-scale scientific research instruments. However, at present, the
instrument-time of various institutions still stay in the stage of manual calculation and summary,
which is not only cumbersome and inefficient, but also has problems such as omission and wrong
recording, which can not meet the needs of building a standardized, professional and networked
management service system of large-scale scientific research instruments.

In view of the fact that the method of manual statistical instrument-time is not suitable for the
scene with a large number of types of large-scale scientific research instruments. This thesis designs
and implements a instrument-time intelligent computing system for large-scale scientific research
instruments: Using the sensor which based on NB-IoT collect the current data of instruments; After
daily data is reported, the backend service is invoked to automatically calculate instrument-time. The
system realizes the automatic calculation of the instrument-time of each instrument. Firstly, the
current classification model of each instrument is constructed by using the easy to operate box
division and the improved k-means algorithm. Then, the model is used to classify the current data
reported by the instrument every day, and the instrument-time is obtained by counting the
classification results. Then, for the instruments with large instrument-time error, the DP-SVM
algorithm with high cost but stronger applicability is used to re model, so as to ensure the accuracy
of instrument-time calculation results; The current, instrument-time and other data are displayed
through the web, which finally solves the pain point of manual statistical instrument-time and
effectively improves the intelligent level of instrument management.

The premise of instrument-time calculation is to realize current classification. After analyzing
the current threshold method and its disadvantages, this thesis designs a instrument-time calculation
method based on box division and improved k-means. First the base note of target instrument is
processed by the historical current box algorithm, and choose mean and standard as the features of
samples and use improved K-means algorithm to get classification model. The reported data can be
classified by the model of the cloud, and then the instrument-time can be calculated by counting the
total number of every types. The test results show that this method can be used for automatic
calculation of instrument-time, and is better than the method of using clustering to solve the threshold.
81.9% of the measured samples are basically in line with the reality. This method does not need

calibration data and training model, and can be implemented automatically by the system, which can
II
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effectively reduce the labor cost and implementation difficulty of the system.

In practical use, it is found that due to the complex current of some instruments, there is a large
deviation between the instrument-time obtained by using box splitting and improved K-means
algorithm and the actual instrument-time. For this kind of small number of special instruments need
manual intervention and remodeling, this thesis designs a instrument-time calculation method with
dynamic programming and support vector machine (DP-SVM). Firstly, introduce the establishment
process of svm current classification model of each instrument. Then, aiming at the problem that the
current sequence needs to be segmented before online current classification, and the algorithm effect
is poor due to the use of fixed window, a signal segmentation algorithm based on DP is proposed to
improve the accuracy of current classification and instrument-time calculation. The test results show
that DP-SVM can not only realize the automatic calculation of instrument-time, but also has better
effect than the method of manually setting a fixed window. The average relative error of instrument-
time measured by multiple instruments is no more than 5%, which improves the applicability of the

system.

Keywords: Internet of things, Large-scale scientific research instruments, Current classification

model, Instrument time calculation
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FHorb, oy NER i DRI SRS AR, 2 ()N DR T FSINAE, o) N
5 IR TR AR .

A AT AR R LT P SS90 R, b2 m] DU IR B it e 1) I B ERORE 2 . i
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(3.4)

Hrb, x AR HTR R, x,, WITHREAZE IR SRAME,  x,, WP FEASIZAFIE A i K

H, y, AR )R HRFAILE.
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AL B GE T R A 2 REE RAG . Gt A RS ATIRE T A R B A ot vl LS
BRI 73 BP0 T o ARV, AR SEVE TR EIRAGERIE 5 HAOHLN, R EiE 6
B IR B AR A S R
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1 782 587 71 782 636 22 782 579 79
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B BRI RUIEFOE S HRHE, R 1B M R SRR AT i R

3.7 REINE

B TR TSR AE T f it 2R AR SRR RG5O, B ERBREEREN TN
B — W E BB A KBLSE, RIEIE S 3R A SR RAE 17 A i B R R & T —
SEMIAIATIE, 2oy ERIUBSS, EAIRER VF 2 AX s AN HY B0 75 2N L kA2
Ik, X R EAGE I iR B AT A e, AR T AT 0 A 5 et K-means AL
R, 5, Bk T R R A R B AT A B, T SRR
EABRAEZE VR AR IRV RFAE . IR, 20 T Kemeans BAHIER £, O 1SR DL &
GEHBIPAT, W k. WIRRFE PO G R MIERGIAT 7 kit. )R, el TR
52403 K-means (UL THEREE . GEHUT 105 GACERRIEFVE A RE, JELH A 6 Gt
RIAEF B, R RN T B4R B R T AR EIRMPATROR K% . &)a,
Xt AR GUN Y R SEBRRL 18 DLEAT 1008, JR4a 1B H R AR 10 Ak B R DA B R
IR R TR, R B ACAE, 5 B FLIRVRF Ak mT LB IS ISR, oy N b e $adfs
WZAER, TE3) 7 N TITAFEMEA, $EmRen) H K.
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W, Bk, FEETREIpHERZERE, AERE 7 —METISHKE SV EE IS
BT SRR IR B AL HLIR o AR L [F 2R T — MR T3S R 5 S R IR 2 L (DP-SVMD L
W&, SR ERE 4.1 PR,
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5
?_ G H R HE > ETDP-SVMIIH RS —4uit WL b
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K41 SR B
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SVM #A L& DP FIESCI MR, a0 Re RA s 15 2N .
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s BIHTIEE )P, 2 FR NG VO 4EBe AR NS BRI X
19 35 18] 48T R R SETHEL AL 32 Ak fE /510

SVM 73 I RE S b B Tk — A1 i, A5 A RISAEA ) HrE i i i gl . 31X
A LAE A, B T G AR (R AU RE Ty, 3R 2 HRR P SR A 1Y 1] o e K AR
Ao SEAETINEAEATF REARLR S = {(X, 1), (Xy, 12)seees (X, 0, )} 3T S I0 STHT O SRR AT
YL, HAPREAR X, =(x,x) s y R RSG, H-1 A1 OREET X 7. T REASE 2 4B,
Rl 2K A2 — 26 BEE 0 T SR L, Wi 4.2 P

A

K42 3ozl
K429 Hi. How HiIREAFRIRIREL, REKWTFFrs:

wX+b=0 4.1
X @D, W= (w,wy) NELRNERE, b .
N, (EEREARELNIEE d 10 FFixs:

_ | wx, +wyx, +0|
B [ 2 4.2)
Wl +W2
EFE—2k, WTHEE X, R ZH wx, +wyx, +b FF 55 y &5 —Eogtn] CLAI 7328
TH/IEWT . S 2 m 4, FESESFRMAES W0 FR:

d

d=""=""1 (4.3)

43D, W =(w,wy,w, ) N m 4EZS R HE RS R &, || w| D9k m &) Ly 64
JIT i e A 53 28 B2 5 PR 2R 2 1R B R R S 40 R s
mi:111(wTXi +b) —m3_>§(wTX[ +b)

= (4.4)
! 20wl

IR ARG & A3 IERFEAR KR HESIE w X +b >+&, TORFEAR B 15 #E S 1
WX +b <=&o AT ITEERN, SHUEN 1, B FHEA BN T RAMFE A7 /) B ok
GALTH P R IVA
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2
m%xﬁ,s.t.yi(wTXi+b)21,i:1,2,---,n (4.5)
wb || W

KA (4.5 ZFEhTRM (4.6):

mibn@,s.t.yi(wTXi +b)>1,i=1,2,--,n (4.6)

HI T4 2RI RE R BE A AE MR A (0, (KL SVM SIN T RaihAS & &, MM AE A3 FEAR R
SR RE B AT DUN T 1, B (4.6) W ZTRMEE 1E:
WX, +b)=1-&,i=1,2,..n (4.7)

AR, AT BN RO, IR SRR AT & & Bk, SIAENIRHT C
BEATER® . CBRI 2 20 TR RE R B AR L, S AR BCR BT, (HRK S
G /NIRRT R, B IR BRI R, HS MG . JIN CHE JG,
X (4.6) TPLE1E:

! ) " . _
- +C LS.ty X +b)21-¢&,i=1,--, '
1W1,1}}22||w|| Zé sty (w' X, +b) i n 4.8)

i=1
xf B BT SRR AT LAS B i R 7 R H A GRS IHD AN S0k S R B TA S
H T IS A TP 22 ) A R AN TT A3 I, ST S e A A o T 4 1 AT R A
(B v 20 [ AT AT R e tH B R E, 0 SVML G A% bR U0 43 7E IR 4 4 TR A 7T LASK Hi 45
R, WA TUHHEREL. RN 4.1 Fios.

*£ 41 H AR

2 iz
2 T A% k(x,y)=(ax"y+c)’
/ Y . . . k _ _ || xX—-y ||2
R JEA% PR %0 (Radial Basis Function, RBF) (x,y) =exp 252
RN R k(x,y)=(x"y)

Oy RRE R L R R A R, I A SRR N, SVM I E R FH WA 7 AT
fi k. —M7 g B 2 A0 KIS HORMTRE] — ok, X a7 AEAER &, (E1t
HE RS, (OEEH/NER . 5 —F 07 02 H = B AT HE T, R 2 5 28 in
Z %4328 (One-Versus-Rest, OVR) B —X} % 432% (One-Versus-One, OVO) [OUf#E

422 RN BHIRSE
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)2 BT AT N SR BRI ZE R, AL ST BBk B R AR D AN s FLAL A
FIGE R A% PR 2

RBF R EESHN ¢ Ml g (gamma), BALIZES 75 23Tk E . Hd, o REFITX
Pk ST 7, AR RO TCR R R, T R R ERE N %], & 5iE
BOS G g RERREN L, g EBORSCRImERD>, NSRRI SRS, ZESE
RIS 2RI P38 A o AR XS BB A ANE, 78N AR AR & 50 47
L, B RE R R BRI ZR D) BEFT BE 2 RHCAR AT I3 IT T8, Mok AR F RS 48 R Sk 1 e
SVM 124, Mg R EECTRE BN SHMAE Y, e 2 KB E R SN,
IR 3 A R T ORI E IS B S, BARmAREL T
v OE PRSI R A, B o g VB LRI K
- ORHE R A E T Y FARA SVM R,

v RH KA XA SR SVM )43 K1 R
« IEEEPERE RS SVM T I ZHUE I, T ORAF SVM AR,

43 EF DP WESYINnEX

4.3.1 TSRS

AW N =

AR FEAE ML 50 AL, WM T 2 Baoe s g e e, ZH B s
[ i A LB IR 70 22 A1 ) REUR i BEAT 22 B BOR AR, BB BOAR ZE g b —A>1 il
Horb, SRARZETEY B R UK 45 RS R T B B SR O, AT BUR 45 R S R 2
JREEM BRI EE R . BT T RER RS SRR, B T AORIRE AR, 2B BURE
KRiE e ZMAGH, ISR ZE AR —F Rt 2 TR, %5
FAETAMV A Ui, TRESORGGURAG R 1 RSN 0 ¢,

4.3.2 ET DP eSSV EZXZIT

BUAE A — A gy 4 1 () OR 51 AT (S5 S Bk Bikfs —IRKoy n 41, IE
Red 7 BUOMERE, AT REVERIREOL R BT UIE SRR o 1% 1] a] LUK A7)
Bre & n=1, WATFEHED, &IFBA 1 5 n=2, WA UBPANBREN 1 a4,
o AT, A R Ry 2; BRIy n I, W] DM R A — BUA T KB m, B4,
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) R A AR B T R — AR N n — m WIS T K V) e R 1 WK EEy n 4T B )5
B KIARA f(n), WS RPRESEAE TR 00N P
f(n)y=max(mx f(n—m),n),me N, f(1)=1 (4.9)

WRAE (4.9) WPRESHAL TR ] LUK 5 45

bR S TR DR ONE S, R IRAR R n] DU O SR — M5 5 T 2 R
TAE SV SRR A o SRAZ LR 0 B B B O RO IUAE — R PR L, HAS S
O —E MRV T b NFES . WA TE 5 WA AT VR I A — 2 7
RPN SR BN EL IR R FR 2 TE 550 P E N Zai Ul 5 Ko,
2R BRI RE WL AE 2 R U120 T b R BAS 2 f R R —Fh . AR4E LR A, KN n
IS = V1o Ja R RAR 7 BN f(n), TS ARG EAE TR U R

f(n=1)xk+score,
k+1

o, DEJR— DN TESHKE, kNZE ST (- DE B K TE S score AR
A — M ESREDT.

FEENS IR RS RO Tk BV LB, ATROE X g(n) NBLER n DEHE SR
MRETESRE, WS PESKER TSI 0 s

J(n) = max (4.10)

k-1 k
g(n)=1,g(n-1) :lz,...,g(n—Zli) =lk,s.t.Zli =n 4.11)
i=1 i=1

WUES], LU o DMUENS RN T ESEGMNE N n-L+1, HTESAES, B
AT =N TEISNERMENn— L, BIGAENn—L - L+ 1, WRICEHERIR R P 1)
7 R & 55

TEA BT 5 FIEAFAE — DN AR KA FEEREED, TESHKEREARS, Aaek
KWARERK . 55 KHE, IBaA— MM BGR I T JRHBIR N —BE 5 ) BA
JEABPIRESBERPF o BOHERATE: 5 755 KK, BAHKPAFERZ AN T1E 5 B 1)
FRAEFT e 2, M IR IE R Bk, M EARFME, SRS IERIRS
PR iR R PR -
f(n=10)xk+score,

k+1 (4.12)
stl . <I<min(l, ,n)

Hrb, loin ATESHBNKE, e ATESHRERAKRE . I, R TR RIE AT LA
&Eﬁf(lmin)’ %—‘/l\%g%ﬁ?'fjﬁy\j Inin + 1
PR SRR A & 4.3 P

S (n) =max
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i
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B LS A NI
MTESETE SO

WREK (@)
FFHE BT g(i)

I=1+1
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B 43 RIS SR 57 R
433 ETF DP WS SR EEMR
4.3.3.1 MKESR

N T BAEFIERBOR, AR B AEAE S AT B . RS BT .

1. BHME 5 1 BEBCA T R AAES: 95 S IIREA 1 N R T TARIRE, H1E
SHMEE N 0 B FRIRAXEIAE T RHUIRES . KRS KAE 10 2 30 78 WBENLAE K, TAE
R 8 & 35 Bl W BEHLAE

2. BUE S 2 SIS M TAES A AR B RN LR 2N 0, X
ar LAER IR 2 MIRAEY 1 TR, PN I Rl AFAE FLARL N 0 B Lo B Al

{5515 B T H R sklearn T H AL ] predict proba BREL, 1% B 5 0 R
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&, ATLAE RS T 538 HIME R . predict_proba JEA JHF Ay . TR BREA B ALK
MIEEES, SRJGH IR IRPE B Rt R . R IEA & 28, IBAZREUH 2 — k 4
B, WS 7 MERERRMEAR § 25 7 BRI — KR B i KT H e 2R
B, HLULEH Y ATREA R B, Bt .. UEMERS A I G ER A BOK
5, WL GFEARRE TN ROMREAFE, RS2 HN 0o FEAR i 24 H st
(4.13) fir, E5EENARA (4.14) Fis.

k

predict _proba, =[p;, p,... ;). ), p; =1 (4.13)

Jj=1
score, = k*max(p,, p,,...., p,) —1 (4.14)

Horp, score BN i MEARNIE

K 4.4 feoms (RN G 5 R AR UE 5 BRI 3h & DU 1% T S5 0 22 el 2k
ME S IHPMIRES: H—MIREESEN 1, FHMIRESE SER-1. W3hE 0 RKNA 20,
FRICRIEBIH 5 530 Ja M 3h 1 AL, BERIRIRE S KEAL 20. F59F0 L
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PRSI S SRS I 4a B, SRS BRI, BIARIALES 10 N & D 55— F R T2
—HARE, FETHE MRS, BN RIR. )5 E D P MRS KA SRR S E K
oy, BIRAEERDY 20 I, B O RS ZMIRESE S, E S/ KR VR E.
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R RIS RGP R R 2, MM ERERNE L.

N - R e
—DPH&:
------ w=8
G5
oF - - T T T T n] ]
T e g — ‘ ]
ey L . EIRE ( \
%m (EE R R i [ i ; _
| | | | | | | | |
0 55 87 139 172 226 253 308 335 405 450

I [ /min
Kl 4.7 {59 5. 8 Il & HY%5 DP FE MRS EE
B 4.7 on TEN 5. 8 BB M5 DP 5ExHE 5 2 BPIRE2REER, AILE 2145 HE
N5 RARZ, —SHBLT 8 ABOVHIERIRA, & EEAR R BRI 7IRFIR B,
EAE S VI L FAB R AMER . 1T DP FEAESS SR AL FAL I iR 72

1 T — T T

W%

2 4 5

Witk
K 4.8 5 F I SEHERG AT LE

K 4.8 Pzs It 5 48 DP 5355 AN R/ R E B FHERf X LE . n] AR 2 DP SA
R R, HAEZRIMKPRIEE.

SRS, [EE T A AR A 52 B T O/NANBCIRES H B (8] g2, AR S5 dE
e DERAFK . WIfEES 1 B D{ECN 7 RRER R s, MRS S 2 B8 D{ER/D
2 R R R HER R A BEAR, SERR R Tt /5 2 — 2 2l i N LT i & . £ DP 5
T, AR R R TR DE R DS 2RSS A RUER R, RS iR AT PR
Wz 7%

65



O H TR A2 18 5
4.4 ETF DP-SVM HI¥ BT E RIS

Rt B, T DP-SVM RN T INE R AT IR AR Q1 ] 4.9 Fos .

Y
B A S R
<: S :) y
+ T B
—— v
AR ST (7 P SVMUI TR
kR A T
v i
SR I A TR TN
R T K
Y i
FIR AN AT
; ORI 4
Y
VIl FRLIAL 2 A
W5 iy SO TR R b
— |
R S ]
WL e

v
( ik >

K 4.9 DP-SVM ML i+ & s

HAPAT S HN:

1o RIS N I . B e A i 1 S KR i s, W EARIE A %
TR AT O 2 IRES N A F AR AT IR, R g Xt L I 1) B N P AT 1D 3K

2. MEMEALE . SRINBIFIRS I R AR5, o ZR U AL I 2R, IR
FEARSE . B TACRMEAR, TERSEN S KB AME, I SRER I Bk i 5 7
FHATIC R o SRBURFIER A1 z-score FRifEAL T RALEE, R4 K B SHB 75 ZARAF .
FIFER), FEARRIARZEIZIROHL. frbl. TARCN 0. 1. 2.

3. IR . BRI ZHOE T AR R FVE S K 8 SO st T 1R, W rEREm i
M—HSHAENREZHL, BRI SE E DMXES IMEL i 4 I OR 17 2 20 o

4y SEBRN o fl R B H U THSEE 55, B el — H A R, 2R R ARYE IMEI
PR DL R LR S S8 VR, I Sh SRR R R B AT VI, TR BRI T
Fr 91 12 B A RIS A ] R RS FEoRE 2% AL UL 1 P SR S OO PR AS o A AR X S8 R AR AT 20

66



BUH LT BRI  SA AR S

H, IR R RO A IR BT EArsE, S HREBEERE S T RAEAME. &, KR
SARZEHAT IR Ai A%, Gorb b 00 10 2 4R8N B RIEBA NI T REE R .

4.5 SO

AW K B RIS VE KA Python 48’5, SVM 532 LA AH I T HR A Python AL
7827 2] sklearn T HA LY, JF& T HAN PyCharm Community Edition 2020.2.3

45.1 LGS

N T BAIE DP-SVM HJSERRRCR, L 10 S A REARZEATIN, LA 3 &AL
AR BIREAT VR S o, MRS B 4.2 P

R 4.2 MR RIS 2

5 IMEI XA AR PEYEZN RAEA
1 869858032096688 PTG 120 3
2 864823041521121 AR LA 100 2
3 864823041538547 ARH T - TR I FHAY 100 2

Horp, 20 3 SRR 3 BENVE SRR IRZMCE, PUOSHAERIFE, P75t
b RS NN TAE MRS . 1 SR =R HETT LA B AE:, SRRE KL, 15
Ple TAE=FRZS . & G MUEA RSN B R A& 410, B 411 &K 4.12 fos, [FRE
K1, N TR, e B A R BAR RIS TR], DA rER S U e A o A s, AL
N

3.5 T

WW

3_ —

BK(
25 .

2_ —

FHIR/A

1.5 4

1
0.5+ ShL FEAL .
KHL

FFHL
) |
O | |
0 500 1000 1500

I 18] /min
K 4.10 REHEIEAHERP L
4.10 fE7R I A R E A ) IR TE ], 1] DL BNZAX A SRS T IR ZE AR K,

67




BUH LT BRI  SA AR S

FKHLHEIE 0.09A £ 0.1A Z[8¥F8). S R, TAER i 3A HAE—¢
ISl AT AR RE 4T, AL B IRZS FEIR A I (bR vHE ZE A AR .

| |
0.24 .

0.22

= TAE TA:

0.12 : '
0 500 fif [A)/min 1000 1500

B 4.1 AR A AT
Bl 4.11 R 2 iAE s A RO B, 1T LB BNZAGEE AR N 1 B RE 22 5 A
K, BB AR HLEAAE Y 0.17A, TAFHIRELE 0.164 0.17. 0.18A Z[i] E R ). 0.01A )
HIRAE 73 2K/, RS 5 2 BN 75 | AR IR SR T30, WO 3B AR AE . A,
AR HR AN A WL s AR AL B 55, A DA FH AR v ZE A AR A RRAE

9

8_ —

[ TAE ]

! AL

pra—

A L e .

0 | 1 | | | | 1
0 100 200 300 400 500 600 700 800

I [ /min
K 4.12 AR GTE- UL I ORI Y
B 412 eom B St di- i 5 A R R, AT LA B AX A P IRES T L
EZABOR, B T EMELISE, bRt m] AR ORI B
B AL A YN Z5R I i FH AR 0 259 SRR T s v 1) o S i i, |l A S ik — >
SR RPN AR, FTRABEAT D) Ab 3, XA AR] AR RAR A S AT 58, Ie W] LA
SEUF AR SRR A AR P 2 A DL o A AR AR IRAFAE B 20 IR Bt a0k 4.3 Foms

68




BUH LT BRI  SA AR S

R 4.3 FHIE MG EE

JF5 ¥ FrifE 22 RE
0.100 0.00 KA
0.332 0.00 Rl
1 0.791 0.00 Rl
3.174 0.12 TAE
1.471 0.04 TAE
0.170 0.00 Rl
5 0.180 2.64e-16 Rl
0.176 4.80e-3 TAF
0.165 4.89¢-5 TAE
1.734 0.33 Rl
3 1.541 0.12 Rl
2.722 1.56 TAE
2.339 1.53 TAE

XA BT ) SVM HR 24 ¢ Al g BFa 40 &N (0,100 5 (0,100), K537
WHERN 0.1 M1 HTHE, HMENIEFS K 8 XR AL E N 5. ETINGEHSFE
AWK EHLRE, SERE O REE R E NS, 60]. ok, hSMRKHEETE VG
{8, BEALKERT 15 b B R R SIS VN PIME . (55 PPN &40 TR AJ5IEEL predict_proba
BE, DP-SVM Ml BT F 83 X 2 v J5 SR SR 2 2 HEUR, A5 VISR Bt R A 1) 508

-
452 MKXERE 7

TR EBONTEH, SVM 2t FE A E2E, DP-SVM 45 a0~ s o
DP-SVM/; 24k i

T

|

T -

FERL - n

T T

.

T

T

— R
il R

F

e

|
0 2000

|
4000 6000

s} T8 /min
K 4.13 i i R e 1

69

|
8000

10000



BUH LT BRI  SA AR S

PO 7 2R EE RAUNE] 4.13 Pron. ATAE R, DP-SVM A RGMIX 7 H 7 kHL. £F

Hle TAFRR=MIRES TR, 5B B OAET .
DP-SVM/} 24 4t
T T I

— H AR
o LI
TAE .
L — :
Ml | i !
2443 2529 2740
i 18] /min

K 4.14 5L B R0 R A S
HL 7 KA R R AR & 4.14 o WTLLE R, FOWGHEAE 2443 708 AL
WEZARFHURES, £ 2529 0 hJa s LRGSOy TARIRES, 1E 2740 Ja i TARIRGEH
NFIHRAS . DP-SVM [ FEIL /A4 SR AR SRR & — B0, A7 7RISR 2 1 SR R 7 17
B B IMELAFAE PR, FED) 73 I O 1 SE G A 25 A 2 AN ) 3 G AR A IR S 1) FL R i T e —
.

DP-SVM7%y K45 R
I

' ' — AR
- o) KR
TAE . 2
HELE I — o o | - Co— | - -
0 1000 2000 3000 4000 5000

FF 1] /min
K 4.15 WiAH AR 7 2R gk
A VT A IR A 2R EE & 4.15 Fios. A LAEE], DP-SVM B HEL R 7 R R B, i

70



BUH LT BRI  SA AR S

R 2 SEHRIIL, 55 2000 255 4000 55 YT 76—y JSHIR . XA R R BB AE T
RIS AN, FBOLNB AN LA RERAE I, SIS AL RO L DL
RS

DP-SVM7} 2K 45 1

TAE
— HREE
o et
T —
FEHL - | 1 .
1234 1922
i ] /min

Bl 4.16 VAR ETE AL 4 28 R 4 Y

R R RN RN 4.16 Fros. WTLUE R, AHGIBAAE 1234 70805 B TARIR

BDEANGHVRE, 1£ 1922 7085 HAFLIRAS 4 o8 TARIRES, RPN B B H 30 iR 22 (1)

JRR 570 3KT0 ok, RO FIEAE /NG L HIRR B N 74320 B4 73 4558, M AS AT 36 G 3
WA RLRES 1 FAL A s V23 B[R] — AN B 1 R 8

DP-SVM4) AR

— Ry
- ARG

T Initl M“m["’” A
- - | bkl «W\ (R
0 1000 2000 3000 4000 5000 6000

B 1) /min
4.17 SRR e A3 IR o 2R gk
A - T B AR A 2RI S SR AN 4.17 Fios . AT DLE B, HIR 9845 B AR ERT

71



BUH LT BRI  SA AR S

EES

DP-SVM?}%%[%‘%‘

e

o LR

e ]

1950 20|66 2178 2217 2383
i5F ] /min
K] 4.18 SR A - o Bl B A IR 20 2 = A
HL 7 2R 25 T R an 1 an i 4.18 FioRe mTLUE R, A (- i R TR 2066 738
Ja HAFHUIRES BN TARIRAS, 78 2178 738 5 A N HUIRES, 1E 2217 08 5 5748 8 TARR
A, 1 2383 /b JE BRI AR A HRAS . DP-SVM By BAR RO T, 1B 1E 2066 7340 5 2217
GBI IR AEAE LA B R 2

R 4.4 FACE R FUER R R FEN VN

F5 Jr FEUERR R FET ISR/
1 0.995 42.197
2 0.973 24.938
3 0.982 28315

TP RMER R SRR IR 4.4 PR, BEGPAERGRZA MR, — R0 A iRy
LAY P EP R R, 51— MR SRR A 1R 22 . A SOk, DP-SVM
AR 3 G AR I LR 70 8 B AR AN I RICR o

453 BRDEXTEE R ST

N TR BSERY, HAbS B A E & D V)RR 5 (BDE & 1) AT
Xt For, [ € T R 5 2 F SR R (0 R i 0 SR, i K/ TR P D 15 30,
60 FEAT MR — 3K 5 U DARER BRI F i sieE oy B An, 45 R R AP S e R AR 9 PR
fRr.

72



BUH LT BRI  SA AR S

T T T ] T T T

o . i y N, .[,
I T [ - LI AR
: —DP-SVM
— [l & 115
—[E € % 1130
--- [ E & 1160
TAEF ! |
R e u, i I
T : ' I L I L L ' '
700 750 800 850 900 950 1000 1050

i 18] /min
Kl 4.19 &EIEF RIS EER
A1 & SRS TACER RHUIRAS IR A AR — 3,y TIiEME W, Kl 4.19 TERER 7 Hj—
PO & SRS 1 B HL IR AR 0 28 45 Rh FEAFAEZ R 5. WLAER], DP-SVM I
ORI IF, AAE 800 & 850 73 Z B fFAE — BRI Z . BE R L, H8 15 KE HiR%E
/D, AR RUZAES &S TS B RS, RIS & R AE 1 e S il H AR KRS
T FHEBORES, ANE 24 BP0 55 & 1 22 77 AR 1) 32 B A

TAF -

!
1

WW{\ , VWA T AN VAR ANV WS
I

— AR
; —DP-SVM
GUN S S R L 6 115 -

......... ﬁ'f;_;TDSO
-~ It & 1160

I

0 560 1050 1500
I} ] /min
K] 420 SEERER

K 4.20 g 12— RS SR XA S 2 BB kgt . [ LUE 3], DP-SVM Xf
TAUERRES AL FEHUSE, (BLE 911 B AbAFAE — AbEE %, X7 RUONAES AR 15 43 Bk
HAA, HEHMERRE S8 BEEH 15 fl 60 FIiAER K, imZEEERIG 725
KR R 2 . [EE & 0 30 FIRCERARX LT, 3R Z KIR TAXEPRSBAAL AFAE ) 3%
73




BUH LT BRI  SA AR S

[
~ HL B
—DP-SVM
= [l 2 % 115
— [ 5% % 130
--- [if] € % 1160

Iﬁ: N ﬁ cnionnn : :. : Bhrton -’f»v;": L]

Gl

o a |

¥ (M e
1000 1050 1100 1150

F g | Mo g W

750 800 850 900 950
FF 18] /min

Kl 4.21 SEES I 545
Bl 4.21 JEoR T HA — RIS FIERYES 3 i RE R R B2 5 2 b nTUE 3,
DP-SVM [NRCR i, AR 750 %2 800 734 L IAFAE — b ECR IR ZE . [E5E & R ZE KT
JR RN FT Lo HT T, — 2 FEOR/N S B0Y) 5 im0 K2, e 32 & 20 1 AR
TRE PHE R ORI A Z AR A AL 2 AN PTG (VDN 22 PRt IS TG 18 Rl 45 SR An e 4R
SRR

K 4.5 AFEJHETEIMER R X

e w15 & 30 & 60 DP-SVM
1 0.979 0.960 0.942 0.996
2 0.951 0.956 0.930 0.975
3 0.966 0.944 0.941 0.983

F 4.5 IR T B BEAE S SRR P HERE R, W LA 3] DP-SVM )RR B T [H 2
W, BRI w0 A R R R S, (BT TAESU LA NI AR SR, 122 TLt 434
R B R M A AN BT A AR

4.5.4 HEHTE MR

PAR AL, BUEAERAE T — R AL T 545 R 5 N TG0 45 Rk AT X bR A A %07
FAENUN TSR ERRCR, FRER A R E AT VR . FIRELA IR 3 & SR 38k R Bk
MG R

74



BUH LT BRI  SA AR S

% 4.6 BUEIFR 5 AN T

o . ML /min
s ik = o T
ANLGit 766 90 584
e @ 1 15 765 75 600
1 [ 52 % 1 30 750 60 630
fiil 52 & 1 60 780 0 660
DP-SVM 765 93 582
NIt 0 166 1274
il 52 7 11 15 0 180 1260
2 [t 5 & 11 30 0 150 1290
fidl 52 7 11 60 0 120 1320
DP-SVM 0 172 1268
NGt 0 1106 334
[l 52 e 11 15 0 1065 375
3 fi] 5 & 11 30 0 1020 420
[t 5 7 11 60 0 1080 360
DP-SVM 0 1095 345

® 46 NHP—HBEEES NTGHHN, TRES], KREFECRIN 5N T80
ZHAK, SR EEARA BT 10 70Blo MEE & HRIRZES LR, HRKRZEER T 90
Grb.

R 47 BRI R %

) iR
T Emwols O FEEWO30 0 EEE06 DP-SVM
1 4.6% 8.3% 22.1% 1.2%
2 4.2% 6.1% 11.2% 2.4%
3 5.1% 13.6% 12.7% 1.6%

DAL PSR E DR 4.7 Fron, 7 UG BHZ SR IC SR LI 7T BLIA 28w 1 v
FARE . WKL, I R A TT DLW AL T SR HERA R, IR0 SR R e UL
I H A R e . (B B RUE R AR 2 m i, ATRea MBLREIRE LR, 1%
ZAT g2 BRI 7 FEMER AR BRI RO T 5345 SR 2 B 70 SHE R = e I LN T 545
R BARITE, ARFIER > FBCR SN T 545 R P A ] 52 S e

fJrs XRRAEFHEAT I, ASRIAE R Ak 4.8 .

* 4.8 AHOCMIASS

Sk 1 2 3 4 5 6 !
BLES T35 A % 22 20%  32%  11%  26% @ 40%  51%  3.7%

75



B T RHECR 2R L 220185
DA B, DA R S A BN 5 RIS BONHER, P IR ERA AR 5%, |
DL AL S P L A 75 o iR 2%, BRG0P 8 = B SR TOVR A B A AR S R AN T iR 3EAT 1 g s
AT SIS B P A o

4.6 RE/NG

N T ERGREMG A B Z RS, AFRE T —FT DP-SVM NI THE 7%, %
JHEREET SVM R RS T DP (015 S5 V)0 BRI R A . EPTR AT, &AL
AR EARYE B 5 R RO S IE R, ARSI AR R IR S K IS R Rl 2k
HHI SVM R KB, )5, —MEET DP W15 5 U170 S a5 ¢ H T S2 bR e
7RI AREE N 20 50 v L 1] 58 B V) 70 i SR AHUINE T 3R 22, (84S AL TH A SR T e
fJagth 73T DP-SVM MINLIN TH5R AR, JFIEH T 2 S A AT AT 1 IRE, JF A
13 G ARCE ABI TR e TS 1 SFR I R R AU T SRR RCR . AT, X 3 G4
SRR RAER R BA R T 0.97 UL, JFRAEXT LA IS LN EIAERHR 2T 3%, LT
A e & DT fa, WIRREE SRR, AT7 0] DA RIS 270 6 5 2404 K-means
FOEMH AN, B R G R

76



BUH LT BRI  SA AR S

ESE REERE
51 B

KRG WA KA E RS IMEF G H KRS R . —, FEATTHNLAE 2
AL AU B R BRI 3 (RIS AT IR B 14T R 8 DL AOH WL B AT v H . ASCTEH
B IR T AN RGN B, FREME RN ST N LR A, 7EX KR =R
IXES B A B R il B3R T IR B HLIN T BT, R BRI R B R Re Ak
PR S . ACFEEN T ENEWT:

(1) #5 7 RARHMUES L B RETH S R A . BAARAEE: —FEE AR 20 R 5 A,
L NB-ToT WA #% AL 2 A5 ABP P& &%) AEP ~“F & £ st iU IR, »eit-IF
B T ARG L. iAo, B, (ERIRES . ERHLN S sl
RLE HyE R4 ab B, 42 8 — S ACER A H — AN SCRY A S5 i A0, A B R R4 R4 729 80%
WAt 2% 8] . #5581 3T SpringBoot 5 Python Y Jaumb 5588, FEdeit T ARk %S, &
LS T X BAER ML ) B BT R 503, FHAE Web BiXd AH O N BT T 7R,

(2) G T T N L, AR 1A R A 1A P I R V2 SE LIS E 3 1 A 4
M FEA — AT, BEETFZIEs LI RAAE SR8, N 7 7E 2 2 P L
IS T A A RS AT RE PR R LA, Fem bR, R0 R EAES B s 5T
JE, PR T — P T4 5 0l Kemeans BIMLE TF5 5% 8 20 F S0 B i gl dim it A7 i
SRR, FEECT MMEMREZAE A BIRAHE . N T A HRGEHAT Kk N TN, DWWTER R R
Hule kAH. SRR RMIESE EXF K-means BT 7 oo, SR X FLLAE A SRR A3 H FLIAL /2R
BRI R R Bim. fasl BimEdR a3 5, @A =i B RE R HAT 02K, &
TH R A O 45 A R R S AL ) B 3. fE 2 P GEs Bt AT T
B IR AR ) 6 AR NIRRT AR R SRR RO KL, KW T IR A R
E, A RGN SEBR S S LT T AT, R4 T AR A AL R AL B R DL R R S
RR

(3) TIPSR E L, MTET 45808 K-means JTIEAFE A, $eth 17—
5T DP-SVM WML THE 7L AT AN 78 o 1056 B Je il A 28 1 58 rR IR B I 2 F i 7028
B, SR JE I — Fh A T BN A RIS 5 U173 2D 1 S B B FH A4 FH [ 5E 2 141 s SR R 1)
IrRZE. WJFIEIT 2 GAEFHATING, FF AR BN I K] 3 SAER AT AR ULE] T A
B OTVEAMTT DA 38058 LIS 1 B B AT SS, HFHARER T A T REMEE&E O, 15
FIRIHL BEMAF & 9br, 7 DMRIF 5 5T 00 46 5 Budt K-means (LN 1555 — 2T B0l
% .

77



BUH LT BRI  SA AR S

52 FRE

ARV R G RIN T LU VF 2 KBRS DU TSR 7 2, Bl T ARNAKCFEIR,
AFAE — EeHh ) 75 583

(1) EH SVM AR (R 8 5 2@ N Thr e Bdls A LN SR, XS EE R 2 — 4
W NA RESERL, TR I 1 AE . JF HSCRF A EALA 0 e RN Web i, H EIE
e G NLRTIGER, AEJ5fl, JE8 20X IR R R Gt .

(2) TR EA A A WPRS ARG FAARIL, 5 H A SRS B s kst = 3 31
PRAORANE, PTRERR 22N LT AR . JREkn] DA 7E B s AL, A EdE A 2 i 15
NArEGEE A WS R e B st . AR AT RESIE R D) iR, XTER
W EEN, ST EE o R SR B IE RV EREAT A T

(3) M7 BN MIGES, IE AT AR EIR AW I, Rl e B Bl 5 B AR s
AL, REwED N TS .

AR R RGERR 7 E . ICSKAER U EASE, IR AT RAE LR IX BT T S — 20

(1) AASHIBAL AT L2 REAE R AR 2 m 18 AT, AMXAT LA B8 JE Kt Mt BRI & A, ik
A DL TSGR AR 0 S

(2) AR v AFEEAT A 70, Wi 2 AR I TARIRES 2t 2 AN AL 1 15
A RESCIEIX AT, e gEn] DUEA HAES (bl . G an iy J3E A P R HrsE Lt
RAUHERI TR

(3) XAFNRARZ , AT LA FORE Y T, HL AT UGS 0 e Y AH R Fg A3 25 1847 5%
B R RAPAGE AT EAN TR, B ARG R R E AT, X ] R K
[ £ NN

78



BUH LT BRI  SA AR S

Bt

ez, B =R AR ERDR E b — AR S . W R B SR TH P
fEH, EARREUHFRAER-CERICE, PBS TREERZ KL, HLUFER, WSHRKEN
BHAERE, RPAELLTT 20 B

PREANT, N EBER. ORI SIMPRR AR, RN, e, TIEE,
IR T TR 21T, 2 NURIIBEFE . A8 SO R RIS C5CRE 2T AR A 2847 58 AR
BATBRZ MR LIRS KA. 7EL, T RN AR S AR

TR ARER T R R, AT - B o7 (R A AL Rk, st
BT — DR EZ TS H. RIELH, SORFRRE, E£R/3RE6, EHEMI SRR, —
DA o

RIMaiA, #14MHAL. BOEHRKIFEIIIREA . RO TIRSRE . 5K %, 50, B
ANy X =R A I, RO URITR R 5T 8 R I A e o BRI
B OSBRI, PO Famg. s XTI, BAOREAERIEEN, 58 MEDE

“‘03?0
SRR, MEVFE . BOUHE SO A AR A AT, BRI 45 i O LK
EHEL

fJa, HMEMPUEIE N, TENF, HFHmE!

79



BUH LT BRI  SA AR S

[1]
2]

[3]

[4]

[5]
[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

2% 3

FEgE, JE B JE ORI R AL v T A B S A (0], A HERRSE. 2018(5): 7.
AR, BAE, 208, S FRREIACE 5N KBRS 5 it Ot = AR,
ANV R FE. 2020, 39(1): 4.

FHE, MR, BRH. SRR R PR A S I R AR, PR BT
2020, 2(15): 89-90.

WA, BEAK. mRCSEIR BB ARAE B NERIR )], #OE #H1R1E. 2020(11):
20-21.

T, BROR RS % B BRILR A 3R], AR T 5. 2020(19): 157-158.
PO, MRAKE, BRIBEDT, 55, MR KRN RS B O = B 1) o i B R SR IT]. K
AARIELL. 2021(20): 236-238.

N R ok, B 55 B 5 5 [ 52 E RORHIT 2 At 180 Jt A K B BFAIE S 1] A 2 I T80 =
[M]. 1 58 R5e 50 T+ 1B 5K B RRHAE B Al 1 it A1 DR Y RIS 28 [ 41 22 TR IR = A, 2015.
Lin Y, Tsai M. A novel feature extraction method for the development of nonintrusive load
monitoring system based on BP-ANN[C]. In: Computer Communication Control and
Automation (3CA), 2010 International Symposium on.IEEE, 2010. 215-218.

Liang J, Ng S K, Kendall G, et al. Load Signature Study—Part I: Basic Concept, Structure,
and Methodology[J]. IEEE Transactions On Power Delivery. 2010, 25(2): 551-560.

Lin Y H, Tsai S M. Development of an Improved Time-Frequency Analysis-Based
Nonintrusive Load Monitor for Load Demand Identification[J]. Instrumentation &
Measurement IEEE Transactions On. 2014, 63(6): 1470-1483.

FEE, EBEFE, XK, 5F. AT O R A B KR 7t VALZ]. 2019.
RTEUK. FHe TR EE S ST R B B IR IR ik 5 M T 7S [D]. dbst: b ik
*#,2018.

TR A . T ) R K N #3224 e R E 4 S BT [D]. BUIM: AU B RHROK
%, 2017.

HeLRIE B SR ISATIRGSH R R WE Fe LM (D). B BigARiE K5z, 2020.

% 1)), K-means 5K FVE K ot K HAER GG o BT HIR D] &1 ZBOR 7,
2018.

Bablani A, Edla D R, Kuppili V, et al. A multi stage EEG data classification using k-means
and feed forward neural network[J]. Clinical Epidemiology and Global Health. 2020, 8(3):

718-724.
80



BUH LT BRI  SA AR S

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

Fahad A, Alshatri N, Tari Z, et al. A Survey of Clustering Algorithms for Big Data:
Taxonomy and Empirical Analysis[J]. IEEE Transactions On Emerging Topics in
Computing. 2014, 2(3): 267-279.

SRFA. TRl o i BESR BRI et S LRI (D). PLRA: PLRA Ak oKA, 2019.
Kaufman L, Rousseeuw P J. Partitioning Around Medoids (Program PAM)[M]. Finding
Groups in Data, 2008.

Ng M K, Li M J, Huang J Z, et al. On the Impact of Dissimilarity Measure in k-Modes
Clustering Algorithm[J]. IEEE Transactions On Pattern Analysis & Machine Intelligence.
2007, 29: 503.

Wong J A H A. Algorithm AS 136: A K-Means Clustering Algorithm[J]. Journal of the
Royal Statistical Society. 1979, 28(1): 100-108.

FIRZE. HTFCMIERMIME S B BIFIEAT ST [D]. 20 A8 K5, 2021.
Guha S, Rastogi R, Shim K. ROCK: a robust clustering algorithm for categorical
attributes[C]. In: Proceedings 15th International Conference on Data Engineering (Cat.
No0.99CB36337).1999. 512-521.

Guha S, Rastogi R, Shim K. CURE : An Efficient Clustering Algorithm for Large
Databases[J]. Information Systems. 1998, 26(1): 35-58.

Deng D. DBSCAN Clustering Algorithm Based on Density[C]. In: 2020 7th International
Forum on Electrical Engineering and Automation (IFEEA).2020. 949-953.

Hotait H, Chiementin X, Mouchaweh M S, et al. Monitoring of Ball Bearing Based on
Improved Real-Time OPTICS Clustering[J]. Journal of Signal Processing Systems. 2020, 2:
1-17.

sk, HETEMERIS /At st b ifg A= MR 23 AT (D). B T): TR, 2019.
5T, T R AR R A AR H RIS T ST [D]. R REE T RS, 2021,
TEBR. FE T SOMAH £ W 28 38 XL I v R AU R i2 B 775 (D). AB5t: dERt Tl ok
*%,2019.

. HeTAERKAL T 5 PR SRR Wi E AL Rk it 5 SEILD]. T ERBTR
%, 2018.

V&R, 5T U CLIQUESE B ST RF I B AL [D]. e /RTE: IS /KA
2017.

Quinlan J R. Introduction of decision trees[J]. Machine Learning. 1986, 1(1): 81-106.

i

LR,

N

Azmi A U, Hadi A F, Anggraeni D, et al. Naive bayes methods for rainfall prediction
classification in Banyuwangi[J]. Journal of Physics Conference Series. 2021, 1872(1): 12028.
Cortes C, Vapnik V. Support-Vector Networks[J]. Machine Learning. 1995, 20(3): 273-297.

81



BUH LT BRI  SA AR S

[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]

[47]

[48]
[49]

[50]
[51]

[52]

[53]

[54]

[55]

Lecun Y, Boser B, Denker J, et al. Backpropagation Applied to Handwritten Zip Code
Recognition[J]. Neural Computation. 2014, 1(4): 541-551.

FREN. JCLRAME IS S ERED]. Jbat: JERTHEHE R, 2019.

T FET B WA B 5 R E AN AR D], AbR: dERTE TR, 2020.
FILA. BT ABERERKIKRAE 5 70 R ITVEVH D] W/RTE: W /R Tk oK,
2018.

Kevric J, Subasi A. Comparison of signal decomposition methods in classification of EEG
signals for motor-imagery BCI system[J]. Biomedical Signal Processing & Control. 2017,
31: 398-406.

B HETNB-IoTI ISR B 42 R4 [D]. B al: FE RS R K%, 2020.
IR, JETNB-TIoTH BEHEM R ST 70 5 Bt [D]. #ER: LR TR, 2020.
FKIGT. FETNB-IoTH)/NX ZF; S8 R Gt et 5L D). 7% W2 RHER
%, 2020.

2. JE T NB-IoT ) & e K B Z i ik E RS W5 SCIL[D]. HEER: 7 db TR R %,
2020.

SREH. ZETIPVORILWM2M B fE 5 Ji B BL AR St i [D]. WP SRR,
2019.

REH. HET V6 RGN g RE RGO D]. 1h%: BITRHEL K, 2018.
PRI, AU ELER R P EAEIBEAT LR [D]. PERIERE: 5K, 2014
KACEF . JE F MongoDB W HF /K il i B 77 47 RGN W 7T [D]. Bl KB KE,
2020.

GyBk. At R I 25 Ok il B A% A A B 5 SEIR[D]. AR JERTELTR A, 2015.
MRF. FE T SpringBoot i A UM 2y &) J&f F ™ i Jot 5 BE R G Bt 5 SEBL[D]. BER:
HLTRHEOR S, 2021.

2. AR RARRAS R BN R G TH[D]. B UM H T RHER S, 2021,
FHIFIM. K-means S FENAL LA B ¥ B HEE B N TR [D]. & 1
IRBHR A, 2020.

PR, BT B A I TR O I e St AR DL RE B VAT FT[D). B R HEIRHIR HE K A,
2020.

Arthur D, Vassilvitskii S. k-means: the advantages of careful seeding[C]. In: Society for
Industrial and Applied Mathematics, 2007. 1027-1035.

Rodriguez A, Laio A. Machine learning. Clustering by fast search and find of density
peaks[J]. Science. 2014, 344(6191): 1492-1496.

AV FE T SO K-S B SE B ) S e SR M i B FE (D). 22 22

82



BUH LT BRI  SA AR S

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

TR, 2020.

Nitish N A, Singh A K. Automatic detection classification and area calculation of brain
tumour in MRI using wavelet transform and SVM classifier[J]. International Journal of
Intelligent Systems Technologies and Applications. 2020, 19(6): 526.

Kuila S, Dhanda N, Joardar S. Classification of Heart Arrhythmia in ECG Signals using PCA
and SVM[J]. International Journal of Innovative Technology and Exploring Engineering
(IJITEE). 2020, 9(10): 193-198.

LiJ, Bai J, Yu B. C-Mn yield forecasting model based on SVM[J]. IOP Conference Series:
Earth and Environmental Science. 2021, 781(2): 22024-22025.

Agalya V, Sumathi S. Heart Signal analysis on Multi-Domain Features Extraction by SVM
Classifier in Smart Monitoring System[J]. International Journal of Innovative Technology
and Exploring Engineering (IJITEE). 2019, 8(12): 1841-1843.

555, JLTSCRF R IRELBCH AL D TND]. P82 P9 AR, 2021,
ECHL TR RIS E S D] Ak WEERHE K, 2020.

Tibis. 3T 325 00 0T A 55 H AR R A BRBS SR 0T 5 [D). K% KW H A,
2020.

Tumen R S, Sezgin M. Segmentation and Recognition of Offline Sketch Scenes Using
Dynamic Programming[J]. IEEE Computer Graphics and Applications. 2021, PP(99): 1.
A BT N BN AR B AR 2 A 2R G i 047 ) A AR SO M o B B [D]. R
Fe B FEL R 272, 2020.

83



BUH LT BRI  SA AR S

B F

(EEAZHE A TN FARLEX RS MBI R

SRR :

[1] AR IR B R ed5ia 4k S B et Wil A BHEE B A BT (ZIXL-KIXX-201903) .
2019.12-2021.12

[2] VBRI AR A T A 18 4 B A A FH I H . VLA RHEE I H B B IR 55 o0y (ZIXL-
KJXX-202101) .2021.10-2022.10

RBTHNEF:

[1] BRBEEA, X8, 5K 71 4, SO0, —Fht T Fim B9 KA TR 774 [P] . WA
CN114280352A, 2022.04.05. (A FF, 2/4, FIMEHE—KHN)

[2] X0, A, R, BREBEH. — P T A s i A RS I 7 A [P, WA
CN112924743A, 2021.06.08. (EAFF, 1/4)

84



	摘  要
	ABSTRACT
	目  录
	第1章 绪论
	1.1 课题来源
	1.2 研究背景及意义
	1.3 国内外研究现状
	1.3.1 机时计算研究现状
	1.3.2 用电设备状态识别研究现状
	1.3.3 信号分类研究现状

	1.4 论文内容与结构安排

	第2章 大型科研仪器机时智能计算系统
	2.1 系统总体设计
	2.1.1 需求分析
	2.1.2 系统总体框架

	2.2 采集层设计
	2.2.1 硬件设计
	2.2.2 软件设计
	2.2.3 通信协议设计

	2.3 设备接入平台设计
	2.4 应用服务平台设计
	2.4.1 数据存储中心
	2.4.2 系统业务平台
	2.4.2.1 服务开发框架
	2.4.2.2 核心业务设计
	2.4.2.3 业务平台架构

	2.4.3 Web端设计

	2.5 整体效果展示
	2.5.1 采集终端展示
	2.5.2 AEP云平台展示
	2.5.3 Web端展示

	2.6 本章小结

	第3章 基于分箱与改进K-means的机时计算
	3.1 仪器电流数据特点
	3.2 电流数据处理
	3.2.1 数据分箱
	3.2.2 特征提取

	3.3 K-means算法分析与改进
	3.3.1 K-means算法原理
	3.3.2 K-means常见缺陷
	3.3.3 K-means算法改进
	3.3.3.1 初始聚类中心选取策略
	3.3.3.2 最优聚类结果求解策略


	3.4 基于分箱与改进K-means的机时计算流程
	3.5 实验测试
	3.5.1 实验准备
	3.5.2 聚类结果与分析
	3.5.3 电流分类对比及分析
	3.5.4 机时计算测试

	3.6 实际应用分析及错误处理
	3.7 本章小结

	第4章 基于动态规划与支持向量机的机时计算
	4.1 引言
	4.2 基于SVM的电流分类模型
	4.2.1 支持向量机理论
	4.2.2 核函数及参数选择

	4.3 基于DP的信号切分算法
	4.3.1 动态规划理论
	4.3.2 基于DP的信号切分算法设计
	4.3.3 基于DP的信号切分算法测试
	4.3.3.1 测试准备
	4.3.3.2 测试结果


	4.4 基于DP-SVM的机时计算流程
	4.5 实验测试
	4.5.1 实验准备
	4.5.2 测试结果与分析
	4.5.3 电流分类对比及分析
	4.5.4 机时计算测试

	4.6 本章小结

	第5章 总结与展望
	5.1 总结
	5.2 展望

	致谢
	参考文献
	附 录

