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Abstract

In the practical application of cloud models, similarity measurement is a critical component. Aiming
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at the issues of poor discrimination and unstable results in existing cloud model similarity meas-
urement methods, this study focuses on the triangular cloud, an extended model of the normal cloud.
By fully considering the expected curve and maximum boundary curve, the triangular cloud is treated
as a triangular fuzzy number. The CD-type closeness degree of triangular fuzzy numbers is calcu-
lated to measure the similarity of cloud models, and a comprehensive calculation method named
CDTCM for evaluating the similarity between two cloud models is proposed. Simulation experiments
show that the proposed method has a certain degree of discrimination. Classification comparison
experiments on the Synthetic Control Chart Dataset indicate that the classification accuracy of this
method outperforms traditional methods, such as ECM, MCM, LICM, CFSM, and EMTCM, verifying
that the method is stable and demonstrates certain feasibility and effectiveness.
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1. 5l

AR AR B T 20 20 90 AFARAIHE H i —Flit o ME M e AR AL[L], B A T
NTHRE[2]. BART2I[3]. BAL 4], HERE R GE[S] PP U S [6] 55 22 s Xt AR 1 AR AR AT AR
ACLFE PRI A0 2 2 A R R ) AT o AR A D 2 W S A T DR B I B SR e, L3 B 7 VA ik
TEIRSE . HETE RGO ORI, B AR AU AT RS R ) B LA S B 1
R ORI, AHTIA AR B B R AR T R A R A s SR AR e i . [
U, WHF R AR B R TV, MRS B M A M = IR R, RIF SRS R, @&
REEXTHES) N LR Re . HURIZ98 . BRI R RSO A B EEME L.

TE = BR AU BE B0, A 7L B N LA R ISR — KRR T RWMERETE. W, sKE[7)E
i BEATUAE 2 A AR I v ST A 2 (0 SR T BE B BV E AR ALEE, (RS5 5 5 52 5 N BORN SR BR UBLT)
M, HiFEER, AES KPS ISR TR e mEEE %, W, ks TPEEIG AR
RUFHAEE . B B SSEECER AR A — I &, AR I A S ) B ) R M R SZAE VB, (RO
KRAETE % IR AN sg e, HAEX 2 BT AAE R s =R i TR E S AR 2%, W,
2R PR [O]3E Ik SR AR P o AR R B M 2 (22 i S R AU AT . B [10]42 HH —Fh = AR &
AT R B AR D7, BRIk sk G, IH RS = 5 IR 1 il 2R A A2 T AR e Sl AR
UM o VEZESE[11]45 A 1158 i SR AH S T AR RN 5 22 2 U8 T 2 AR 4D 2 B AR UL P R IR AR AU A 2, #7e
— P SRS MR T BT IERR Rt A i i S R E S AR s, B R
PR DU SR 2 1) ) SRR = A B AR DL R P R 7 02:, T, SR UK S (1214 P R B Wtz 52
ARBATH AR E B IES =ML . SEEE[13]3E T EW-ZUIS T R R E B = = B U . ok, &
A I BB IR AN & 22 A 4R A T BT, W, Zhu 25 (14125 T IEA = iR 0 i F S8 2,
PR b X IR A AL B B T . YR EAR[15]. Xu [16]457) 42 3T Hellinger 225 A1 Wasserstein
PEES M AR ik CAETRAE X o . R e B AN KN T & DLk i, BP0 = i
AFBUTE: BE 7 v e
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BExE B R, ASCUL =M B E RSN R, A B il 4 DA K e K T it A A = A AR K
[13], L& Z R A B FITREHE, I CO-TROBI BT B AR, Bt —Fh5E T CD-RYNL I (1)
7 R R R DL B2 B 5 5 (similarity measure method of CD type approximation formula based on triangular cloud
model, CDTCM). SEBGE W], %77 1 RE 2 UL L & = BRUAH U, Btk 4t i) ECML MCM. LICM. CFSM.
EMTCM %5777, X 4rFES iy, HAER (] F7 51 3 2R SLe i RE 4 = 70 28 45 SR RS i B

2. IR EA

EX L (1718 U N B, CAU EMIESHEMS, ST AR xeU, # x 2#& C s
IRBENLILR 455, H x % C MRIEE 1, (x) [0,1] & R A A e Wi MBEHLEUE . B vxeU, x— u(x), N
XTEWRIR U BRI AFAZ, BA (X 1 (X)) A —A -

FE S 2 [17] =8 C (Ex, En, He) i =N RAAERAIR — AN e MM

1) HAEH Ex (expectation): AT TS AN E I FEAR RO, XN 2 F I LA 0y, BIBENLSZEL—
UOE VRSB BT x B3 {H

2) 1 En (entropy): J W8 PR A A& 40 E 1) BE ALY 230 Bl B2 30 (R A £57) Bl 98 JT S84 (EX) 11 B BRORE S
[ Pt A 2 R — s MM 1 2 A2 S L

3) i He (hyper entropy): Bk, 2R5(En)IIAIETEEE R . He B, ST u(x) o Amdigerd,
N0 FEIE I R W~ B <R, MRS SRR . T 1 RR T A s DL L ANy
FERE X
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Figure 1. The schematic diagram of triangular cloud model (15, 5, 0.3)
1. = =1ERY(15, 5, 0.3)IR=E

5B 3[13] # MR C(Ex, En, He) LA 3 x /2. x ~ N(Ex,En?), JLef En' ~ N (En, He?), H
x % 8 MRS C 1SR & RO

x—(?;?En) “Ex

w(X)=y o
1- , X > EX

3En’
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TFR x AERIRU LS = A
SEX 4 [13] FBEHUAE SR x W /2L: x~ N(Ex,En?) HdvEn'~ N (En, He®), HEn=0, JIFR
x—(Ex—3En)

3E , X<Ex

y(x): x—EQ
1- , X > EXx

3En

AEHZ WML, W 1 R AT
X5 18] B R MUHAE, R, PTG, N

I U R — [0.0] FC ORI BORIHeE 2 A BRI B 20, 29 F, <
BRI, TR U R, %

X—r
-, r'<x<r”
r-r

u(x)=q x-r* .
S TTExsr
0 HoAthy

R U = ABHIEL i u=(r' ")
EX 6[19] *fTaaecR, Ha<a, Ma=[aa]RAXA%. XEHLAELCH[R]. T aec[R],
a-a

a+a a

AR E(a)==—=> W(a)=%, E(a) AW (a) 43 2 DX 1) i H S A A 5
SEX 7 [20] BueR,, WFHEMre[0l], BMISu M -8 A [u] =[u(r).a(r)], Hb
[u] ={xlu(x)=r} .
EN 8[18] HuvweF,, HBURT:FxF —[0,1];(u,v)—> N(u,v)ife:
1) T(uv)=T(v,u);
2) T(uv)=leu=v;
3) usvsw=T(u,w)<T(u,v) HT(uw)<T(v,w),
JUFRT (u,v) SRR A U, v G -
3. CO-BMEE A
RS NASERI IS P PR IR = B AL, AN CD-ZYIX [ st A, Fgi 1 —Fof i) CD-2
BERANGIIRE 22 2K, I J T2 A0 5 24 ZOR B B = A A R (A AL
513 1 [18] xifER abe[R], BEREN [R]x[R]—>[0,1] J:
N(ab)= f(9(ab))
HAHER L T 20, +o0) — (01] PR L IHIEILH. £ (0)=1, lim f(x)=0: FREEE
- [RI<[R] > [0.+%)

PR 2R A

1) g(ab)=g(ba):

2) g(ab)=0=a=b;:

3) achcc=g(ac)>g(ab)Hag(ac)>g(bc).
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JUN (a,b)=g(f(a,b)) A FIES ML .
MR IR GIFE 1, A SOk H™ 6 R 3t ek o i&f(x):ll , (Hxe[0,40), Hnx1)@MRi%s%
2 £(0)=1 lim f(x)=0, KICRR[21]#H {41 F (1)K CO-RX AR 45X

g(ab)=(3]E(a)~E (D) +2W ()-W (b) | ,vabe[R], )

Al E =)y CD-2Y X R Hiifr Bz 2 :([21]
_
1+(g(ab))"

SEICHR[L8] (/A A, Xt CO-RL X (A MU FE AT AR 5y, #4id CO-RUBEMI MO L A 50, 45 i in T e 2

Nep (a,b) = 2

EE LT Vuve Ry, [u]l [v] 5 s, BB N, R x Ry > [01] & XA

NéD(u,v):(.[;(nCD([u]r ,[v]r))zdrji, (3)

T NG FOABERIS U Ry IS, #R 0 CD-BUMGIL B .
iE: #vuv,weF,, Hr R REECEE, WEARE

0<NZ (u,v)= (J':(nCD ([u]r V] ))2 dr]; <1,

RGNS WL FoxFy —[0,1]
1) N(u,v)=N(v,u):

NgD(u,v):U:(nCD([u]’,[V]r))zdrj :U:(nm([v]',[u]r))zdrj =N&p (v.u).
2) N&(uv)=leu=v:
Hu=vif, WEEre[01], WHT(r)=v(r)Hu(r)=v(r), Bu] =[v]', re[01], FRHENQ),
@55, A neg ([u] V] ) =1, FTLLSHE

NZ, (u.V) = [ (o (1T 07 ) drjz “1

R AN N, (u,v) =10, Hu=v.

1

10 () <1 [ o (] 7)) 0| 1.
Jo (oo ({01 [4] ) 0r =1

xaaomw([u]f,[v]')glﬂj:(nw([u]f,[V]f))zdrzl, )
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neo ([u][V]') =1,

3T 1 e[0,1] JLFAR AT, T [u] =[v] 3T 1 e[0,1] JLTAbLEr . B E [0.1] RRGEMREEQ
7 [u] =[v] %F r 72 [0,1\Q EAbAbp.

T re Hr0m, MEMIENEQ WILFRA R, 7EAERE g [01\Q 14 lim r, =r . ATTH
PRI R 2 R [23], A

+00

o] =T =" =17

k=1

Xr=0, WL R r e [0,0\Q sk T 0, B ARFEAR

+00

o = (L] = T =BT

k=1
B [u]" =[v] XHEM re[0,1] oL, Blu=v.
3) usv<w= N(uw)<N(uv)HN(@uw)<N(v,w):
Bu<v<w, MxHERre[01], A
u(rysv(r)sw(r), u(r)<v(r)<w(r),
BIxHMER re[0,1], Au] <[v] <[w], eI B (18] Al %
%JMVMUS%JMVMU’%JMVMUS%JMVMU,

NIIEE]

B
NEo (W) < NEo (u,v), Nep (u,w) < N& (v, ).
FRHEENL 8, N (uv) A U5 v .
4. &£F CO-BMEEN=AZHANTEE
=1 7B C (Ex, En, He) M —FR IR I Z AL, & DUIEE AR AF AR 48, IR TLATHRE s i
@ﬁzﬁﬁmgw%ﬁ,%0«%«?%3%ﬁ@ﬁ%%ﬂﬁ%ﬂ%%iﬁ%ﬁﬁﬂ%,ﬁﬁ%%km

Frih 2 AT SR AR R IR SR RS AL . BRI, VRS AR AR AR RS AL, A iEE CO-AUNT R %)
1 90 8t 2 AN e I S i 2R MR, PR AT AR P = m SR S AL L T

41 ZRnHABHZMENtEE

=SB “ 3En 7 7 5 R ZR B 90% LA L1 2 ¥ 7E [Ex—3En, Ex+3En| JEH A, FTLMETTH =
B AR, B 525 FE AR IZ U Il N RO < R A B 2, DRI © 3En 7 BRI 51 NI 82 i £k,
I RE SCRREL 5 SIS L (1 300 B2 £k ik 2 13] «
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x—(Ex—3En)

—— 7 Ex-3En<x<Ex

Ex—(Ex—3En)

1 X =EXx
! = ! 4
y'(x) (Ex+3En)—x @)

-~ EX<X<EXx+3En

(Ex+3En)—Ex

0, HAth

B ER@)FFE =AM, By N=AIEBEL 18 y' = (Ex—3En, Ex, Ex+3En) . %=
FROBIEO BRI T A 2 R

Ex-3En u(r) Ex u(r) Ex+3En

Figure 2. The r-cut interval number of triangular numbers

B 2. =i r- 8%

Gk 54Ty B R B AN

u(r)=Ex-3En(1-r) 5
o(r)=Ex+3En(1-r) ©)
2 - AN L 23 5N
c(lyy)- 200,
(6)

FULRE T 25 51 C, (Ex,, Eny, He, ) 1 C, (Exg, En,, He, ), 49 3E 122 il 4 7T 7 i 1 R B 07/
Vil

{u =(Ex, —3En,, Ex,, Ex, +3En,) @

v =(EX, —3En,, Ex,, Ex, +3En,)

LR R u, v 1) CD-HUING I B2 SR 20 PR = A 2= BRI, B8 0 = 2= 0 it 2R ) AR AL P T
2% (similarity measure method of expectation curve for triangular cloud model, ETCM), ic N

Sim(CDETCM) = N&; (u,v) = U:(nCD ([u]f ’[v]r))z drjz (®)

Hrhre[0,1], H Sim(CDETCM) R, 8P 2 B8 (1 AH AL RE At v o
LA P T 5 i 2 1) 5 AS R R DU B B R T R TR
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Bk 21 CDETCM &%

fiN: =B C (Ex, En, He ) F1 C, (Ex,, En,, He,)

firth: R AR L Sim(CDETCM)

Step 1 IKHBIR(T), K 25 U o WL = A BB BT R

Step 2 FHI3(5). (674t 5 = fa B r-a st E([u]) B E(v]') seserew ([u]') Anw ([v))

Step 3 FITHUAATEREARAAR(), i3 OO B st f ([u]' [v]')
amm@qppmj%Aﬁ@%wﬁgmﬁMﬁE%JMHMj;
Step 5 ¥4 np, ([u]r ,[v]r)ﬁ)\fc(?,), T4 Sim(CDETCM) .

e PEE T, 4 n=1RLE I R R .

42. ZATERXOFHEHHENEEE
S S AE i K S B N iR S AT e . B ESE En BIEAE S SH
en=En+3He, FrLAREAS AR ) = F TSI £ 20 ) A8
u = (Ex, —3en,, Ex,, Ex +3en,)
v =(Ex, —3en,, Ex,, Ex, +3en, ) ’

M

©)

en, = En +3He,
e {en2 =En, +3He, ’
TR S AR M AR TSRO IR, OREJER J65 B (En) & e B (B (En) i _HiEE % (He) ) 3 %
= BRI T i 2R AR UL T 5 (similarity measure method of maximum boundary curve for triangular
cloud model, MTCM)ic 3 Sim(CDMTCM) .

FARK =8 = i L 5 ih 2 AR AR R B SRE IR R :

Bk 22 CDMTCM &%

. =B C (Ex, En, He ) F1 C, (Ex,, En,, He,)

fnth: PImBEALEA LU Sim(CDMTCM)

Step 1 ficARA(9), 441 = MM o = A UM B X
awz%@ﬁ¢m5nﬁﬁm5mm%,ﬁmﬁ@\@ﬁ%ﬁﬁ%gﬁﬁ%ﬁpﬁ%mﬁzﬁEQQjmE“ﬁ)

AW ([u]) Anw ([v]')
Step 3 FMTHUAATEREARAARQ), S gesess £ ([u] [v])
step 4.4 1 ([u][v]") A SR (2)4# X LSO RE nep ([u]'[v]')

Step 5 4 N, ([u]r ,[v]r) K@), 5 Sim(CDMTCM) .

e PEERET, 4 n=1RIE I R R .

43. GEN=AZREENYESE
SRR B BT VE T A B S AR . T = 2 B3I i 2R AR AP B B T VA T SR

DOI: 10.12677/aam.2025.147361 251 N H it e


https://doi.org/10.12677/aam.2025.147361

SR Ex FU En MME, A 5EEME He MM s B EE, B FH— M RE: kT
S IR T IR AR B B 7V, SR 3He I ki A, ERIHAR T RSB S RRAE, (H B OR
TR (He) sz o [Kith, ARG 2B I =ANRHIEE, € C—MOnBUHE = A s AR 256 T,
R R (10) s

Sim(CDTCM) = aSim(CDETCM) + 3Sim(CDMTCM) (10)

Hrp, o M1 AREREET =M= S i 4 Sl KL A 2 AR MERCE, Bl a+p=1. Hib, 23X
BR[24AIM R R, a5 B € JTEWT T
d = |(Sim(CDETCM) - Sim(CDMTCM))’

d :(0:—ﬁ)2
a+pf=1
a>p

CRE I =0 S ME R R IR PR

(11)

3k 23.CDTCM &%

HiN: AR C (Ex,En, He ) 1 C, (Ex,,En,, He,)

s ISR ZRAARLIE Sim(CDTCM)

Step 1 FI %% 2.1 155 Sim(CDTCM) ;

Step 2 M5k 2.2 1H5H Sim(CDTCM)

Step 3 4% Sim(CDETCM) #1 Sim(CDMTCM) fR A A X (L) K i o, B+
Step 4 ¥ o, f AN AKX (10), THHEZZEHILUE Sim(CDTCM) .

Ee AT, 4 n =1 U R R R .

5. SCRUXTEEST 4R

N T UM SO BR SR AT AT P S Rtk v il i B fE {7 Sk 96 56 i CDETCM. CDMTCM.
CDTCM ZEJ7 A 47 HOOR FHZ 76 UCH 5 FH#E 26 (synthetic control chart dataset) 1 UCR Hr»
Hi, B 2545 (ECG200) Al 2R PG 1 K4 (Beef) 55 10 /N5 FH I A AR IHEAT 70 S 5200, MR L 23 RN 1 2 Bk 4
VR 3 2R R LAE — 25 U W 7 ¥ (R AT AT MR R4
51 {iEXE

AR SCHER[8] 265 i 1 4 D> = BERAT BUA A B SLTs, BN

C, (1.5,0.62666,0.33900)
4.6,0.60159,0.30862)

C,(
C,(4.4,0.75199,0.27676)
C, (1.6,0.60159,0.30862)

XLz B0 3 pos, RIEASCRr R Sk bk 4 A SRR AL LR A R A 1 FR.
£ B T S PR Wy ST T P LI U YW NA NV E
(C..C,)>(C,.C;)>(C5,C,) > (C,Cy) > (C,,C, ) > (CLCy ) 5 AZARAUTE R /INFIHEFF 5 15 3 (¥ ELULED GUAH R4,
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RIZ T IER AT . FRBASCHTE CDTCM J5 v ATEA I EL A & S AR AULPE B2 /757 ECM [9]. MCM [9]+
LICM [8]. EMTCM #ATEbE:, ASFEIARINE B &5k poh S as Rt b an sk 2 Fios.

1 T

0.5

-05

— C1(1.5,0.62666,0.33900)

15[ —— C2(4.6,0.60159,0.30862)

—— C3(4.4,0.75199,0.27676)
C4(1.6,0.60159,0.30862)

2 1 1 1 1 1 1
-4 -2 0 2 4 6 8 10

Figure 3. Cloud droplet distribution and the expected curve of four cloud models
E 3. INMN=ARNEES AR

Table 1. Three different similarity measurement methods for cloud models

®LIMAEERBUMEES X

FHALLE CDETCM CDMTCM CDTCM
(C1, C2) 0.1570 0.1568 0.1596
(C1, Ca) 0.1658 0.1660 0.1659
(C1, Ca) 0.8499 0.7680 0.8172
(Cz, C3) 0.6763 0.7297 0.6968
(Cz, Ca) 0.1614 0.1614 0.1614
(Cs, Ca) 0.1705 0.1709 0.1707

% 2 (S HHE R, CDTCM 5 ECM. MCM. LICM } EMTCM J7:AE ML K/ )y b B —
ok, BRI S8R (CLC,) 5 (C,,Cy) MBI i . AT, TEZFIEIX SrReJiJ71H, CDTCM R
IR F: FFZ B AR (C,C,) #1(C,,Cy) MARLLEE 22, ECM (ZERJE 0.077). MCM (%57
0.0028). LICM (# 5% 0.0002)F1 EMTCM (7 5+ /% 0.0874), CDTCM X (C,,C,) 5(C,,C,) IIARMIMEZ 5t
FEIAF] 0.1204. R, LICM FTHE S RAIRBEE, SFHX 542, A, COTCM ikt B —
ERIFRENE, T ISR 45 R 2R 3 MTFRHE U, A5 2B A S5 B R S .

5.2. BHEFSI4r 2K

FERAEAZIR 25100, I 7 K 7 T IR [26[ 46 =W TR L —, T 73 SRR AL O S SR S i A2 1 LA
AR FE B TTERE R I, CARAEASCIRIER A Rk, AT 8 55070 . AR %
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SKHI UCH Hh ity PRI ) 3 41 8038 42 (synthetic control chart dataset) [27], %8R4 R & 6 FEA A I P4
i, A5 100 4, kKRN 60, LI, XTREREER A 10 I3 BRI, BIHGAEERT 100 2K 54534 2)
910 41, FFRINREBUL AR 1 41(10 %) IR4E, )R ¥ 9 ZH(90 %) Bt A I ZR R

Table 2. Comparison of different similarity measurement methods for cloud models
2. TEMEBEEE 875 ALR

AHALLE ECM MCM LICM EMTCM CDTCM
(C1, C2) 0.0252 0.4545 0.9561 0.2419 0.1596
(Cy, Ca) 0.0893 0.4905 0.9648 0.2543 0.1659
(C1, C4) 0.9465 0.9604 0.9990 0.8848 0.8172
(Cz, C3) 0.8695 0.9576 0.9992 0.7974 0.6968
(Cz, C4) 0.0285 0.4525 0.9679 0.2500 0.1614
(Cs, Ca) 0.0964 0.4898 0.9755 0.2594 0.1707

N T BUEAST CDTCM J7iE )7 ebEfe, K I A filr 41 73 25 (K-Nearest Neighbors, KNN) 5.7 [28] 52
TR (K =10). 15 B SLI0 XS T A BUTE A ARSI B 753 IR IR 5 81 o R IR R . o,
A5 5% B P Bt e 0 1) 5 AR e VAR R O Y, SRS R R AN [ 2 A AR AR AL B T 32 e ) v B 2
AR5 H A (B B ARSI A S A 5k H AR JSE0 VR & 2508 ) A AR AL BE AR B, AR A AE AL REHE
B, FIFH KNN B0E0E 02848 BT, @i 10 9738 XAER T R, LIS BIAESMRAE 1 7 25 IE
R, B JERS BN 7 RIE R A IME, IR EImE 4 Fosi & iEma KIEf . H,
X598 ECM [9]. MCM [9]. LICM [8]. CFSM [12]. EMTCM [13])% /5. Hk, X+ KNN &k
AR K2 SERR 2 R8CR, H T 9858 CDTCM ikt A, KARFE IS K #4750 2K
5, 4r#t CDTCM J5iksr JEIEM R n B fass, 58wk 5 fros.

1

09

08

0.7

06
N
E05F
H
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Figure 4. Accuracy of different metric methods in classification
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Figure 5. Comparison of the classification accuracy results of CDTCM under different values
of the number of neighbors (K)
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Table 3. Classification error rates of different cloud model similarity measures
3. TEIMSIREMEMMEEE 7 AT L EIRELLR

Name ECM MCM LICM CFSM CDTCM
Gunpoint 0.060 0.053 0.067 0.120 0.080
CBF 0.003 0.015 0.037 0.015 0.010
Trace 0.080 0.000 0.110 0.170 0.090
Wafer 0.010 0.016 0.004 0.021 0.013
Facefour 0.057 0.057 0.057 0.090 0.045
ECG200 0.130 0.120 0.160 0.150 0.090
Adiac 0.376 0.384 0.439 0.491 0.366
Beef 0.433 0.300 0.300 0.366 0.366
Coffee 0.250 0.036 0.036 0.143 0.036
OliveOil 0.167 0.100 0.066 0.133 0.100
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