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A modified GM (1,1) model based on moth flame optimization algorithm
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2. Faculty of Sciences, Xi’an University of Technology, Xi’an, 710054, China)

Abstract: The Moth flame optimization (MFQO) algorithm is a novel meta-heuristic algorithm in-
spired by the navigation method for moths in nature called transverse orientation. Initial value is
one of the main factors affecting prediction accuracy of the Grey Model. Aiming at errors of fit-
ting value of GM (1,1) model caused by identification parameters and initial value, a modified
GM (1,1) model based on moth flame optimization algorithm abbreviated MFOGM (1,1) is pres-
ented. The GM (1,1) model based on moth flame optimization algorithm abbreviated MFOGM
(1,1) is proposed. The objective function is to minimize the mean absolute relative error. The
parameters of the model are optimized by using the moth flame optimization algorithm, and at the
same time the optimal initial value is searched in the continuous interval [V (1), = (n)]. The
historical data of insulation resistance are simulated by using the basic GM (1,1) model, the GM
(1,1) model with the initial value of x’ (#), and the MFOGM (1,1) model, respectively. The
mean absolute percentage errors (MAPE) of the three models are 4. 30%, 4. 60% and 3. 74 %,
respectively. The results of example exhibit that the accuracy of modified GM (1,1) model is the
best among the three models, showing the effectiveness and feasibility of the proposed model.
Key words: GM(1,1) model; MFO; parameter estimation; initial value

KEORGE IR E FE BRI 2T 1982 P2 e M B, — i HLAT 8¢ i B0 RESDUR T 8 2
QLN MR G BRI R R G ARG E BB Z N T ARZ S . GM A, D R
BER Sy 2 — o KO IMA TRl B Aok T BORAE BOR A 8 L A R R A
5540 9 I BEAIL I sl P T AR A ML ) S L R A TR £ AR AN [R] T4 G B B R L B 2R

WmE#: 2021-03-28; MLEHARBH: 2021-08-23

M 4% KRR 3k https://kns. cnki. net/kems/detail/61. 1294, N. 20210820, 1743, 004. html

E€WH: BFARFAESEIHTA61976176)

F—1EE: BIE. 0L I PR o K R GRS . E-mail. 93054774@qq. com

BEEE: TN, .+ 802 058 F I KGR G BN E AR 53956 0 A8 . E-mail: gpwang@xaut. edu. cn



70 P22 P TR 22 4R (2022) 45 38 45 1

RLAR 3 Ty R SR il ik — A I (8] P 30 1) A SRk B, e 1Y
DB A — A T 3k b, W LR #4400 2
it I 0T ST RS B AR R Bh AR L SRR, B iR
& 55 77 V5 1 JRy BRI 2 1 . 1 R Sk I, X 3R i 3
B985 AF 4R T GM AL J5 . GM(1, 1) ffl j 2
MR T S 2 AR A B R AR ARl 2 T i
IFBURS T 523, 2000 4F . X B8 A XS 3 Je Bk oY T
GM1, DB 58 HIE Xy GM(L, D) B RS iy B
In)IE R R T A, 4T 40 4RSS ST X IR
A6 TN ASE FRY ) BIF 5T A N BRUAS T — &R 81 Y AR
W R SCRRIBALER GM(L, 1)K B3] G4 18 19 A Ak, A5
RIS H AL 17 ik Ia) 8, 78 R 2 T000 A5 75 Hp 5 ) i
AL B I ASAAS R B 1R 2 550, 0 A 500 % 000 1 7y 5%
i) [) Rt A7 R A . K (6 GMICL, 1) A58 R i 4] B 4%
X RS A F EE AR, SCERIS A 2V ) A
Wb 55 1 ek R 8, T 2 =X, e om T DUAR 408 552 B
O 1, 2,0 n Pk, ARIEKORGEHIEH
B A B S R B, SCRR L 6-7 178 B e 7 op R TR 1
BERMAE A XVE o A0 o GofERIK
o BT B B 25 . SCIRRES TR e /b — Ffe ik
i E GM (L, 1) 1A A R £ Y B (8] i 7 bR &5 1Y) 8
B COR AL A B 308D A 8 T GM(1,1) Byf
Vi) M5 7 PR 51 S A A AR L Sk [ 9 ] A X 158 25 7
Fdse /N HERGAE GML, DL, 43591 % 4] 16 55 14
R E AT R AR 43 30 2% R R G 3 510 Fn 2 5
M2z, g b it A . GML, DB 4]
UR (A AR A T 48 OB () — A S8 XA S 8
AN A R R B . SCHR[10JH 1-AGO J7 5]
A 43 5t B AT ¥4 R 00 I A5 0 B ol 45 40 i
RN 3R B 255 25 R 25 A i VR R H Y
SCHRLCTT B GM (1, 1) TR A0 5 35 K0 ) 1R 2% 1
DAL R R, $ 1 T — o 3 40 Gy 2% 1 R 4 EE )
PAG I J7 3k B RURE BE R T X LAY

&4 GM(1, D BRI 1 2 BOR i/ — 9 i
W B T e /N 3 o U 22 RSB A fe /N — T HE U] /N
R R VR D S 359 A X 158 25 3 B d5 /0N o D A B R A X
B2 IR B /NN A5 . SCERC 12 J7E IR Gt oy Oy A v
3 R FH 1o J 2 R R 25 L PO 25 B AR S A0
O FREE A AT S B AS RN E N A5 34
GM1, DI h S50 — AL . Ak, kR
A T OO R RS B L SCk [ 13 )R FH e g ik 4k
FRRM GM L, DRI S5, SRR 14 13 TR 7
PRV Bt /N — T ME U A 11 K 8 B 70 S 8, STk
(15 12R F I A d5e /s — 3 7 i Al TS A S 850, SOk
L16 st BRI S8, SCBRLL7 IR HIR

SRR S, SCHk 18 R UM A Ak B B A K
LTI AR R, 42— Fh AT 0 [ KSR AR R
A A R BE KRR SCRR( 19 ] 2% A Bk i
fa P AR 5 R (0 2 AR Ak S RO A, T T
ESTONSENEER S O

BT FRSCHRZE R XS GM (1, 1) B B i3] 44 18
NS ACAT S — A~ (B A4S BF 55 10 ) 8, 4o >R A 55
AR S G AT SR RN TR R R
PEfE R IO B AE B U4k GMLCL, 1) B Y 154 490 i A
BRI S H0E — MER B . R SCFESHT T
GM(1, DB [ B 1778 B 404 152 22 ) 81 S Al 1
F R AR BRI AR GM(L, D AR, D))
D GML, 1B Y 00158 22 , 1 w8 A5 40U A T )
KR

1 GM(1,1)REHNERIREREREST

EX NP & 2 HFEHEAET I, 0 k2
B— EMFH, 20 R 2" W EPIBEA KT,
MFR .

2Pk Faz’V (k) =0 (D)
H GMA, DB AT R, Horb
2V (D) = 2 (D)
Jxm(/e) = ix“”(i),k = 2,3, ,n

i=1

(k) — %[1““(1@) b2 b — 1) ok = 2.3, un

(2)
EX 2 FR.
1)
dj:it +ax’V =0b (3)

K GMA,DERP AL TR, KGO HF a, b AW
OGRS S
.L/}%I(O) s I(l) s Z(l) ﬁu%)‘( 1 %ﬁ,é\

— =2 1 7(2)
L3 1 20 (3)
B — : SR A (4
— =P 1 7 (n)
SHnka = [a.0]" . FRA .
Y +¢& = Ba (5)

N GM(1, DR ZH) a = [a.b0] "B /D 3Ffh
AR

a=(B"B) 'B'Y (6)
GM(1, DRI 4L FE 0 fR
2V = (201 — Lyew 4 b %)
a a



A TR O AL SRR Y R GML, DAY 71

JRAE GM(L 5 1) A5 7 By B [ g g =Xy
i,<1>(/€+1) — (1,«»(1) _i)ew‘u—l) +£
a a

(8
2%+ =2V R+ —2V (k) =
e ) = A=) v
K. r=1, 2, 3, -,

MO AT LLAE 7 GM (1, 1) T 452 A
R Z] b (R=2) B TG 1) 22 F 22 R PR S
BONRE SRS R AR K 8 GM(1, 1) B R Al
e R ARG HEAT 53 Hr AT, aT DL = 3 fe
7 B UG BE . R a1 A TR KA P A B R
GM1, DB AR ATkt .

2 kBB E E MFO (4 GM(1,1)
1A

2.1 ke ABMELEED

MFO 5 i J2& 52 & ik 78 7 [a) 6 ) 8 1] 5E £
(transverse orientation) A7 X — ¥ NAIE K,
I H R 7E T KA Tl FL A R A T B i e T Y
— Mook &REE . Hrh URER R R =R
Bl AR AR 7K S B E AT IR A Y B
FEALE . B Rk DL X R B KOIAAE D SR 4R =,
AW H O RAT LT 2 R AR AR IR
MFO RE B AR LT

)RR iR 1k

TE MFO Bk s &k J2 o 2 i , [R) 8 Y) A2
R RIRTES R A B AL B R A T
FRWT

M,, M,, - M,

Mz.l Mz.z Mz.d
M= ) ] ) (10)
MN.] M.\'.z MN‘.d

A N KRR RIS B, d 378 78 B RS Bl ()
ALAERO . X TR A R — %] OM SRA7fif A
87 PR3 187 AL L1 DD

OM,
OM,

an

OM y
1E MFO 535 55 — > 5% B 1Y 241 i 7 02 K
s IR LB TR A7 R ] 4 B 8 e R

Fl.l Fx.z Fl,d

F2,1 F;, Fy4

F = 12)

FN.,I FN.Z Fs\’.d
[T T A K LA OF Sk A7 fiff AH B 1)

T A WL (13),
OF
OF,

(13

OF y
2) A E o R
MFO 532 25 B 2RI o3 BE — R 5E 19 KO Ok
TR, A T Y R A R 3 Ry T R e ok
E BT L A KK B A D
OB 145 D QAT DALY
MFO 58 fdt i % Hi 5% e ek 208 B8 KOk 0 s
VAU
M; = S(IM,;,F;) = D, » ¢ « cos(2nt) + F;
14
K. D= [F, — M, | J& Ik M, 506 F, Z 10
PR e 2 HIRBEI IR X W 8 € [—1, 1152
BEMLEC, = — 1 R B KRG A & =1 KR
BRI A B AR R b, Sy T 2P
SRR RE S BE ¢ BLr, 1] BIREHLEL, - N —1 &
PRI E —2,
OPSE} & gSPLINA T
FEER PG B N A K, MFO Bk B
TR ik 2D KK R LR R B e — R M

flame _no = round<N — " ; 1) (15)

A YA AR R AL N R K AR T R B
RIEREL.
2.2 MFO 4 GM(1,1)# 8 S 4 {E

BT e JOA AR A GM(L, 1) B
S8 a Mo Wi, RS R E. A S0
PN J7 DN GMICT, 1) A5 RS 2l i DL 3k 3] 4 o= 350 00 K
BEWH® ., MFO SEET 4 A28 0 B3
TR FETEZ.

D MFO 8L LS o, b

HSCER[A]%1Y GM (1. D BB EE |a] = 2
F, GM (1, 1) B8 6 3% S, B fifi il MFO B, % &
lal<< 2., WA o @ BAEEE UKL %R +
ax'" (k) = b W15 6 M HEEH .




72 P22 P TR 22 4R (2022) 45 38 45 1

2) X T W) UG (E 0 ek, 51 A — A~ {5 4E O &

w S ACHIE
s=2V () +pu=z2V) +p (16)

FEA GMAL. DRI YIE s = 2 (1) L 3CHk[5]
R PR BRI A s FE 2D, 22, e,
2V Gy kPR 22—, SCER 6] AR 4 B S B
SEIRIHI s = 2V (o) o 5 R SCHERAS [A] 1 & AR SC
FH Ok I A B R TR 2 X ) [ (D),
V() ] RAF B 5.

H TR D AR e 5 1A A S BRE 2 8]
AR X352 22 L fi /N 2 446 Xk AR R 25 (8 L X AR GM
(1, DRERYA] DL 36y LR AR AL A

(k)

2GR —1D =2V Gk +1D =2V Rk =1,2,n—1
b=x9k)+az® (k)

—2<a<2

2P (D <s< 2V

2O (k) >0,k = 1,2,+n

a7
3 MFO 4 GM(1,]1)#ER & %

A GMAL D SRR i B A 2 (D
5 a0 BBUE X FI A X O W AH ., AT
BB A SO 15 RO (R A kA i B
Boao b FRGBE 2 (1) —AMEIE 0 SR B
N8N

i,(l)(k) _ (I(())(I)ny—g)ei&(ki” +g’

a a
k=2, 3, - (18)
AR SCR I A AL B SR B R s b

g,
Wa (D +p=aV ) +p=s RV
T A X6 15 22 35 3 e /)N 118 TR DU D5t 17 B o B8y

‘ ‘ _i n ‘im(k)*.r(m(k)‘
fitCas b, s) = 2 0 (k)

(19)
MFO 4k GM (1, 1) B8 4 5k 1 25 SR an F
frik.
TB1 EEFEHEIT N 2 R )E X7 5
B B A SR AR TS 2
]2 VIR, CIRAF A N, ok

VG4 = G—Pye s £l 10—
a a

EARWRET .

ST, PR R BE LW G TRl RE, A R
N AT, 30 gk mT DL Sy I A 0 0 i . Rk
FEFPRE P A A B

M= 77 (20)

ay by sy
X —2<a, <2, b, € [min(a” (&) — 22" (—1)),
max(zx” (&) + 22V %)), i € [min@? k),
max(z" (k)] = [V, 2], k=1, 2, 3,

ey M,

—}_53%4 %:‘F avva E‘J{Ei—f%i(l)(k+1) .

TG = G Pye £ b 2, e, a1,
a a

$BS FHRNOHE %+,

SBO6 A KR AYE N HRGE N
JEE FR AL T A5 R 1 o7 RT3 0 A1

BT AT KA R ECE R B
AR

B W E A REE A e KAE T, ) i
fife s A5 DR [0 20 8% 4,

4 wEt GM(1,1)EE K NA

T 43 0 R JE AR R GMICL L D B RS, 4] R
VGO GM 1, DR, Fi4R 2 i) MFOGM
(1, DAY, X/ 75 H R A8 B 3l SSP9-H-120000/
220 #Y 220kV FAB 4% A B AT BEHL, OF b AR HORS
JE . AR FL s AR I R G v AR B AR A
I b 58 21 3% 7] 245 4 2% L v e B BT 7 41 A 08
ARG W 1,

F 1 G BT S

Tab.1 Historical data of insulation resistance
A
1 2 3 4 5 6 7
e
s 2%

BH/ 6250 6000 5400 4590 3700 3000 2 200
MQ

F /N3 k15 B HHR S 408
a=0.20,b=7964.5 21

FRHEAC GM(L, )AL 1) F50 7 5] 2
2P (k) =—33572.5e "%V (1—¢e"*), k=
2, 3, (22)
DA RAE T R D A SRR ORI RE R/ 30, e Rk AR




A TR O AL SRR Y R GML, DAY 73

% 500, AR EHE GM(1, 1) S
a=0.1959 , 6 = 13333.082 , s = 31140
(23)
FHRBPER GML, D) T 51 A .
2 (k) =— 36920, 65¢ “19* D (] — 199
B=2, 3, = (24)
U0 A A 2 ST T B R 1 )L AR S
K A 48 b - AR 22 (RED L SF ¥ 46 %6 H 43
iR 22 (MAPE) , BT & XA 3 F .

v — ()

RE v(k)

X 100% (25)

1 [y — ()| .
MAPE n;—y(k) X 100% (26)

o % L B B0 AR IR 22 LR 2, R 2
A LA AR SO 4 R Bl i GMLCL, 1) B RS A 400
RE/NTHME ] 2 (D GML, D BB F 34
WREW/NTHMHE R 27 GO B GMAL, DB L4
w®E,

2 GRS E S AR R 2

Tab.2 Fitted value and its relative error of insulation resistance

g/ MQ  GMFIE 2 (D) AR 2/ % GM¥IMH =" ()  MXFRZE/% MFOGM  MXiRZE/%

6 250 6 250. 0 0. 00 6 181.1 1.10 6 250. 0 0. 00
6 000 6 240. 6 —4.01 6252, 1 —4.20 6 568. 2 —9.47
5 400 5201.5 3.68 5211.0 3.50 5 399.6 0.01
4 590 4335.4 5.55 4 343.3 5.37 4439.0 3. 29
3700 3613.5 2.34 3620. 1 2.16 3 649. 2 1.37
3000 3011.8 —0.39 3017.4 —0.58 3000. 0 0. 00
2 200 2 510. 3 —14.11 2514.9 —14.32 2 466. 3 —12.10

MAPE/ % 4. 30 4. 46 3.74

A SRR B MEOGM (1, 1) 86 5 {4 {1 4%
T GM(L, D) BEAL—FE &R 2 38 N TE 7 0% 15 8] 77 3]
H MFOGM (1, D BRI IR fE# .

D ACHFH MFO 23805 GM (1, D ALY
SR a b W E T BE o WBUEERE |a| <2,
13T R EEST B GM(L, D BRL R & Lt

2) A S0 GM (1, 1) B8 B B i [ 2 >
— B RS A B A WE W] DU GM(T, 1) £
MORERE . AR GM (1, DEERIPIE R 2 (1) =
(DG AEELRKE (27 (D, 2] R
HAEWIME B A B B 2 Go B 2 (D),
(2 e 2V G R H T Z — TS,

3) A WM GM1, D BRI T/E % & Tk
SR AUKE B L AR /D 2 RO RY B 05 RN T R . AR
SO MFO SRk ad, R M, = (ais by s J&—
A3 Y SRR GM (L, D BRI B8 o, b (1]
W 8RB T E AR YIE . KR O DR B
(MFO) 5 GM1, 1) BERIAR G5 5 A SCHeaE GM (1,
1) R RURE B (% [R) ) , 48 v 7 S0k i e

5 & iE

ASCAEC A WG EERE F AL GM(1, 1) 4%
AU 5 A~ 2 BORMAE 1E 05 7 R i 0 L B WA AR

Lo GML, DBAL, AR HEREE 2 (D),
aV(2) s e 2V (), TSR AE 2 X E) L2 (1),
=V G HE R EARWHAREAE G R GM(1, D 4y
5 RRAR BRI AR o (1) DL A X35 22 18 5] B
AN Ry R B R B, R R M A AR Ak B A b
GM (1, 1) A5 v () 2 BOR e A ) M8 L A5 21 58 v 4
FIBCHE GM(L, D RERY 35 B 48 25 Fi B 1Y) D7 50 8504
439 R I & 43 531 R T3 A8 2O 8 GM(1, 1) (LA
2P D NWHE A VL 2V (o) S W0 {E 4518 1 ik ik
JRAE GM (1, 1) A5 8, 356 F TRk kA £t A 5 3k ek it
GMU, DA A FEAT A TN, 45 5 3% 00 3 T« ik
KA A B O B R 8 GMLCL, 1) #8578 58 R 3
SRR Y A AE R PR R R AR

SR g JCIA DR AL S L O GMI(L, 1) Y
T AT SR 2 A8 G K M kL SRR D T Rk
RUATY R 7 J S0 T wb el R L b R TR AT 4 7 A
BRI R 2, UL, 38 75 21— 25 ok 3000 A5 2, LA
PEIE IR R GBI B K

B30k

[1] Deng Julong. Control problems of grey system[]J]. Sys-
tems & Control Letters, 1982, 1 (5);: 288-294.

(2] )Ewge, 50 0 1, J7 B8k, 9. K6 R g0 BIg & H W H]
(M. %5 3 B, dbat Rl it . 2004.



74

P 22 BT R 2 2 R (2022) 45 38 B4 1 1)

[3]

[4]

(5]

[6]

L7]

[8]

[9]

[10]

[11]

XS H . e R GEFRIE A GM BRI T, BRI K2, 1985,
5(2):26.

X, XBR g, GML, DRI S )] R%
TS 55, 2000, 20(5) . 121-124.

LIU Sifeng., DENG Julong. The range suitable for GM
(1,1) [J]. Systems Engineering-Theory &. Practice,
2000, 20(5): 121-124.

SR, VLA DY, SRIT AR R TN o 2 B B A
BT ] RS TREINE 598 .2002,22(8) : 140-142.
ZHANG Dahai, JIANG Shifang, SHI Kaiquan. Theo-
retical defect of grey prediction formula and its improve-
ment [ ] ].
2002, 22 (8): 140-142.

SR LR, R, BL 2 Go) A IR S B9 GM
RLT]. PEBZ R, 2005, 13(1): 132-135.

DANG Yaoguo, LIU Sifeng, LIU Bin. The GM models

Systems Engineering-Theory & Practice,

that ¥ () be taken as initial value [J]. Chinese Jour-
nal of Management Science, 2005, 13(1): 132-135.
AT S0, L SR AN fh 2% 2 TR A A g GMICL, D
BEORIT]. RE TS THR.2007,29(3) :464-466.
DONG Fenyi, TIAN Jun.

background value with original condition for GM (1, 1)

Optimization integrated
[J]. Systems Engineering and Electronics, 2007, 29
(3): 464-466.

3 S , FERAS L A5, GMICL, 1) A5 A B[] o) . 3 50
s L), b A BB, 2003, 11(4) :54-57.

LIU Bin, LIU Sifeng, ZHAI Zhenjie, et al. Optimum
time response sequence for GM (1, 1) [J]. Chinese
Journal of Management Science, 2003, 11(4): 54-57.
AW . GMQL, DALY R 4 {8 F1 90 i 5 10
K], ZGETRMIE S 9. 2015,35(9) : 2333-2338.
GUO Jinhai» YANG Jinwei. Optimizing the initial con-
dition and the initial point of GM(1,1) [J]. Systems
Engineering-Theory &. Practice, 2015, 35 (9);:
2333-2338.

KRR Bk, BE T ) ACE Y S0 1 GM(L, D W16 5
AT T]. Pl 5 B3, 2018,33(3) :529-534.
ZHENG Jian, CHEN Bin. Initial condition optimiza-
tion of GM (1,1) model based on time weighted se-
quence [ J]. Control and Decision, 2018, 33 (3):
529-534.

TR AL RE. BETER SN GMA, D
TR T E B ERL 2, 2020, 28 (1)
153-161.

DING Song, LI Ruojins, DANG Yaoguo. Construction

[12]

[13]

[14]

[15]

[16]

and application of GM(1,1) power model based on the
optimized initial condition[J]. Chinese Journal of Man-
agement Science, 2020, 28(1): 153-161.
fCE L RE S REH. it GMAL, DB 280
—WRREEL)]. RO TREEE Y %K, 2005, 25 (1)
69-75.

HE Wenzhang., SONG Guoxiang, WU Aidi. A class
of algorithms for estimating GM(1,1) model parame-
ter [J 1.
2005, 25(1) . 69-75.

AR L AR L . GMAL, D B ek ik & HAE & 57
T g B )], e B9 928k 5 AL, 2007, 37
(22): 1-5.

ZOU Changwu. LI Zuoyong, NI Changjian. The im-

Systems Engineering-Theory &. Practice,

provement of GM(1,1) and application of it in predic-
tion of economic development indexes[J]. Mathematics
in Practice and Theory, 2007,37 (22). 1-5.

XU R, T GMOLL DR SR — Rl ) %
U] ZETRSETHA, 2009, 31(2): 471-474.
LIU Wei, CUI Gaofeng. New method for the estima-
tion of GM(1,1) parameters[]J]. Systems Engineering
and Electronics, 2009, 31(2): 471-474.

fl g, K GM, DA RSB T A e/ — Fe 7
L. B S, 201206): 23-27.

OU Shangling. Forecasting agricultural output with an
improved grey forecasting model based on the genetic
algorithm[ J ]. Computers and Electronics in Agricul-

ture, 2012, 85: 33-39.

[17] LI Kewen, LIU Lu, ZHAI Jiannan. et al. The im-

proved grey model based on particle swarm optimiza-
tion algorithm for time series prediction[J]. Engineer-
ing Applications of Artificial Intelligence, 2016, 55
285-291.

[18] DING Song. A novel self-adapting intelligent grey

[19]

[20]

model for forecasting China’s natural-gas demand [J].

Energy, 2018, 162: 393-407.

XIONG Xin, HU Xi, GUO Huan. A hybrid optimized grey

seasonal variation index model improved by whale optimiza-

tion algorithm for forecasting the residential electricity con-

sumption[ J . Energy, 2021, 234. 121127,

MIRJALILI S. Moth-flame optimization algorithm: a

novel nature-inspired heuristic paradigm[J]. Knowl-

edge-Based Systems, 2015, 89(1): 228-249.
(LS E4HD)



