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Abstract: In recent jronmental simulation has become a research focus in simulation research. There are

many factors that affect t onment. In order to quantitatively evaluate the environmental complexity, a multi-level
index comprehensive evaluation method based on Analytic Hierarchy Process (AHP) and fuzzy comprehensive evaluation
method is proposed. Through investigations of the main factors such as terrain, electromagnetism, obstacles and meteorology
in the environment, the three-level evaluation index system of target layer, criterion layer and scheme layer is established,
the evaluation index matrix is established by expert scoring method, and the consistency of the index matrix is adjusted by
particle swarm optimization algorithm. Finally, the fuzzy comprehensive evaluation method is used to comprehensively
evaluate each index. The environmental complexity under different application scenarios is calculated by combining the
index weight to provide data support for decision makers to make decisions based on the environmental complexity.

Keywords: environmental complexity; analytic hierarchy process; fuzzy comprehensive evaluation method

1 5|5 (Introduction) AR JZ R M A X 5 R S A I R AT o, T3

IR AR S 2 R ORI E TR B GG, AL AR s BB £ B PR O IR A5 T R B L SRR
AR %, FEREAT O EL AR TR SR BT A0 2 16", A3 JERREAL, S &8RRI R — B I A R EJRE, IR
M H Z R R IR A X IS AT . B9, St SRR BEEANUEN, AT IR — SRR EETEOR [Rlis I 3 5 B xd
B, ML, RGO MR R R, IVAIDR-BSE 2/



26455535

2 4 xRS (Evaluation method theory)
2.1 BROHE

B AT (AHP) 2 6 [ B4 KL K B K F B 4
T-20 tHEE70 4ERATHE H A9 — PR YRR B o 07 3,
AP DASE 42 BRI A R R G R SRR R O
SR H AR R G5 R R 2 AN BE ST B HE Y H AR B0
T, R R 3 S [ A S5 D A T R RIP I 54, T IR A
R, FEMCERG b, R E W R, O o) A A T
H—fbAab B, —EERR IS, WERRETIETE, AE
EUbR. 204 WA 2 s I R A a0 5,

22 EMSEITNE

ORI 25 A VA V5 R — A DABORI 2 IR B, DAE
8 BAHAE A R IV 3R, 8 T DA 50 5 IR
AW IR, 12 ABORIEC T AR S i e v DA &
. fERE . sk H ARy b e,

TSR 25 A VP A V25 BE A 38 3 ) e MR SRR, T S Y
FY BRI TRAL, I BRI F I, e &4
PREGBUEB TS, SRIEA & MRIRIE T 42T . REWLEA TN
o DRI, SRR AT ARG S PSR T B AT
2.3 NFREEE

AR BT RRRR R —E R REALIE, BT AR
RATREH AR —FE, XA A MR RETS

o 2 TR B B X A T 1 A R e 7@% o W7
ME—ER Pk REAS AT LR A .
3EFERSWERNE

comprehensive eval

W (Fuzzy
ased on analytic

hierarchy process)
3.1 R R RE L
SRR RE R RRARE, BB E
BEEEXS ORI R AT L, B, W E R R
BRI R R 2T . By . Mg, WX
R AT TR AR 2 E LR

SFHLHLAPE ()
I

I I
ol | (m| A
V7 Tk I %
| 2| 2] |=
A
2 |EE||E
2| |8| |E| |E

B
N
S5
¥
=
&
;(‘ﬁ
=
R
i
&
&

LT REEE(PSO) 2 — R (L B, %~$ﬂlﬂﬁ‘dﬁé§ EEQ
A

IR ET RIS ST R0 BB 24 BT A o 47
SREFEGY
[ | ! | |
TEEM () ||[THEM (@) || BIERM (D || BERE @

%
SENEREEAE AE
EIZ|E||E (8|8 20|\
SIBIRIENEIE 218|l5
slEial|el|e| e Sle|(&

(D) ERER— R E AL

B 24 (B1)
I

[ 1
R () Hﬂ%m#&%

[ [

TRARQ | [ ZaeR@ || 4 (01)
s ‘ [T T 111 [TT1
i e | N EAE A R R
ia i) g i || B g | &) A2
% | ” ﬁéﬁ%ﬁ@ﬁmﬁmm
HHEHEE o 4R gl s P
S HEER N AHEEHRRRR
SIS o] 1 ) 1 i e i 51 SRR

%%W@;ﬂ—ﬂ%ﬁ%fg

& B 1 M3 ARIR R

Fig.1 Evaluation index system

BHES— AR

HIWT R R, S —FRbR TR Z AR 2 AL
s VA U157 ARBEAG], FRARAS bR ST OB, 1, 3.

, OPAFRR RN SRR SRR, EE, AEREE, 2. 40

FIREE UL, S AR, B
s,

SR VB S5 530 A F A AR 4 1
BN A Flo— 0,0, 0,1, VIRHIBTERER, AT
WL AFAE (2, 57 DA 00 e 5 15 4 6 A
— Bl D R A B TR Y, A LA A
I, RO SR RO %, WA, =n,
AR T, HIAE R A 54— BOHERT, B A,
RETFn, W, SRR A 5 HIBT AR B2 2 1
F AL 1 A 5 8856 i s — BCRE R $i 7. — BORERS AR
R T

GJ%%
Fob, O HFERBAR,

SEROM BRI — BRI R . BB SO L)

CR, AT 12 759 S BCHE R

CR=—
RI

WHEOT, 2 CR<O. TIF, 3 W7 4E 15 2 — B %
Ky MCR>0. 1, WA FEAR T 2L —BUEEOR, HATRAR
FIRLTBEFEYE , X 40 9 R A 50 24 5 IE 7, ) R 4 o



N et T 202343 H
KR, oz 2y
1”7 1 3 2 2 3
PRSI AR AR A V4 13 1 3 2 4
1132 2 STl o113
|31 43 12 12 12 1 1 2
12 14 1 2 (13 13 14 13 172 1]

12 13 12 1

TH5HE: Aw=4.1323, CR=0.0495, @,=[0.2229,0.1494,

0.5136,0.11417",

WIS IR RREB, -

O8]
BT S B V]

1
1

173 1
12 1/4

1
1

e, A,.,=4.2606, CR=0.0976,

0.3648,0.3069]",

LGS 2% BE B, R ) S 2 B B T T AR T

LB R, e —SeEER,
SR EIEHREB,:

4:

0.1733,0.1228]T°

TREAMHIEC, :

1
12
12
1/2

Y

12

12

1/3

2

1

1/4
173

1

173

173 12
1/2

2
2 3
1 2

1

172

5=[0.2258,0.01025,

CR=0.0386, @=[0.

&S, 4,.,=8.9387, CR=0.0951,

12

Oc=[0.

B,MIB YN

P55 Am=6.4994, CR=0.0793, ©c=[0.3199,0.2332,
0.1705,0.1116,0.1071,0.0578]",

UG A AT HEC, 2
12 5 3
12 1 4 3
C,=
5 14 1 2
1

173 13 12
15 A..—=4.1988, CR=0.0744, ©:=[0.4710,0.3128,
0.1163, 0.0999]10

EREMHHRECS: ;
1 2
313 1
WES: A= , CR=0.0089, @=[0.5396,0.2970,
0. 1634]
F¥FC6
1 2
1 3
12 13 1

3581,0’3453% e, A4,.,=3.0183, CR=0.0158, @:=[0.3874,0.4434,
N6921",

4

2
5
1
2
1

1873,0.1826,

0.1580,0.0691,0.2010,0.0568,0.0827,0.0626]",
KIRHUHNEC,

1
12
173
C,=| 12
1/5
12
174

2
1
172
173
172
1/3
172

3
2
1
1
1/5

— W N

1
1/3

5
2
5
3

1

172 1/4 172

173

172

173

2
3
2
4
2
1

172

4
2
3
2
3
2
1]

HEE: Aw=7.7375, CR=0.0904, ©-=[0.2867,0.2047,
0.1559,0.1481,0.0805,0.0704,0.0537]",
PREEAAFHEIEC;

)

WEAMHEE NI, BN, H5E54,,.=1.0000,
CR=0.0000, @c=[0.3874,0.4434,0.1692]",

PR ARG
1 23

c=l12 1 3
13 13 1
A5 An=3.0536, CR=0.0462, ©@c=[0.5278,0.3325,

0.1396]",
33 KEERREEREENITE

RTE IR TG, REMNREFHEZEZ 1 L5 5
RS TR ARE . WY& TEARTE D) PR P53 015 0
MIGETH AT, SR R AR, RER A, ARG AL
TF B PUA R AR R I E 1R

JEJZ b s B R XK B R AR T IR,
FIHHM A ARSI,

R BR bR BRI M % (C12), HHE R (CLS),
M AAF(CL6), mAE(C21), mZE(C22), mZESM(C23), I
JE(C24), BEFA(C25), FIZE(C26), FIZE T H(C2T),
AFE(CS3), AE(C61), FH(CTL), KII(C81), Bk

JEA B AR E B AR EF R (CLL), H S (C13),



H26E:5533 BrE RS . EET ORI A PRI E I 0 LR A A B A I 5 49
PRRHE(CL4), BBHE(CLT), OB BEALE(C3D), 4 fREE, #50 BRRRE" T, HAt s 25K .
ZM(C32), BLAM(C34), BAIAifMf(Cal), B EIRA F2 BUMEZERBUTEAN
(C42). "= kA (Ca3). Al mif(Ccad), GEWEE(CS3), Tab.2 Calculation rules of electromagnetic complexity
XA B AR bR EEAFERE(CS), BE(CS2), HER coefficient
(C63), o) AP L) DO
R A Fe A E B AR R KA (C18), EL5 R X 1 AP<0.550 4pO<0. 116, DO=0.05
(C33), FARLRE(C3S), JaEPRE(C36), KIa(C62), Hrr, $4D0<0.1#, DO=0.05
KL R P(CT8) 24 77 A A R 5 R BLAOBLIA A P, T ’ R 40.12D0R, DO=0.13
0, M HEEEFSYREIR, 0.5, MEMBAN LT 4DO<0. 18, DO=0.05
VRERTERE, B, SEAERAHRIR (C33)24 i 2 5 4 B X R i B 3 SO<AP<2S0 2840,1<DO<0. 38, DO=0.15

0, AHREWRAIHL; BORMREL(CIS)IH R AR BRI SR8
JEHRO, ANREWLHLL; J5EIEREE(C36) 5 BA BAKIFITEO,
TeiE IR ECL s KR (C62) 1 18 U SRIBEE A L, AU
JRBEA0,

F1RERERREER

Tab.1 Membership function of underlying indicators

240.3<DOW}, DO=0.40

4D0<0.18f, DO=0.05

240.1<D0<0.31}, DO=0.15

4 2SO<AP
240.3<D0O<0.58F, DO=0.40
240.5<DOH}, DO=0.75

343 Bﬁﬁ%g@j
1% 1 1 AT N B3 Ao A XY B[R] 3R

Y FERL WEARX
) 0% <x 15, T g R0 ) o T TS i i X B [
P o e REAE T AR ] R T X P RS 4 14 B B I T
1,x>x,
- . bxen T, th
BUAREL . FEAREUE R _JHhX <
2 SNt y xz_XI,xl\ x <X, ' ‘
0,351, gl w 1SR BRI BT ] (min) s n ok IR
I,x < x xj‘j)\J\ﬁH&Fﬁ‘ﬁEég:Q{%J—_E?ﬁ

X, X

X< X,
WAL FEFREUHT p '
{HHRAF, BohEEzE

4 FF XA

34 fEREREREITE
341 MRERE
MBS A MR TR AR B R F A B

F=3m;
i=1

Hop, FRIRHIVIRIRE ; nForn B RIRE T RARREL w,
FORMIE RN ST H N R, RN HIEE gk
BERTRUT B AN R SR AR AE
342 HEERE

SE R IRIE R DO

DO=FOxTOxSO

HURE SR IR B At BUAR AR, RTS8 P PR PR A ) 5

B DOMEMRNR AL A KBI AR E] . )RR A 5%

( )3 1 B A XY IR IR]
LU

i S X B B E) (min) T,

_nL
" 100
A, wiy N GOl R X 2R AR I R AL
IR o
() FERFPIRIALRE . B PRI e 2
P4 B B2 R 3 1o A R R TG R DX RS ] B, G
42100+ ,)

LA FEfig X

B ARE—E
AT

X, uj‘ﬂﬁ%ﬁ%%ﬁ@i&?%’iﬂfﬁ%; Ty 5 AR B B F) I 1)
T2y 3 B (4 B IR TR (2 ) s LR et X IR
(HH—ALEE, MBI REu>20, FERYIE AR
LR AL R =1, AR SR BEN0; HIRHTALREl <u<2
i, BERA A -1,
344 SRERE
SREERENTEIE SR REME, WEZEEE
BYFARIRH AL -

(min);



50 TR 202343 A
X, FARREIRE: nthRRERE TR w,
WG AR T i AR, SRS ‘ \/
RUR S A1 A SR PE(A 5
35 EREATIEAEL 57
WIRSARIE, BRAIE, SRS R A T -
PR3 — 6 TR e o
#3 Wi E 2 AN WEER cames
Tab.3 Evaluation criteria of terrain complexity level BHF EeMEE R
o B3 SR ALKAFRS T
—REHE CHSE S CHERE RS
s Fig.3 Distribution of environmental complexity level
“H” & 0.00—0.60  0.60—0.75  0.75—0.90  0.90—1.00 ££i8(Conclusion)
“M” %  0.00—0.50  0.50—0.70  0.70—0.85  0.85—1.00 EREHZR L, A5 S0 R R 4 BT R R
“L” % 0.00—0.40  0.40—0.60  0.60—0.80  0.80—1.00 AT R FToE BT, AR
F4BREZREITMAN

Tab.4 Evaluation criteria of obstacle complexity

i S BGUME SHSRE SR
“H” & 0.00—0.50 0.50—0.75 0.75—0.90 0.90—1.00

M 0.00—0.45 0.45—0.70 0.70—0.85 0.85—1.00

L ¥ 0.00—0.40 0.40—0.65 0.65—0.80 0.80—1.00

#=5 REELEFRNMAEN
Tab.5 Evaluation criteria of meteorological compy(ity

B —RERE CHERE S CBSE SR

“H” 0.00—0.50  0.50—0.65  0.65—0.85 0.8 00

“M” T 0.00—0.45  0.45—0.60 0@—1.00

“L” I% 0.00—0.40  0.40—0.55 0.75—1.00
R6 HMELE

Tab.6 Evaluation criteria of ele( etic complexity level
L R T

“H” / *M” / “L” % 0.00—0.10 0.10—0.30 0.30—0.45 0.45—1.00
3.6 WHHER
IR L ZR SRR PR T AR AE, IR IR
BEVHAG S5 R AN E AN E 3T

EEE > > N >
RS AL A A AR
‘mﬁaw RE | B5  WH | TR ~u~x4
ARUR
WHERE | 02229 06342 4 i =5 WERRE
MBERE 01404 0.4362 —iF —ip =
HEERE 0513 0.4104 = =R =i BRERE
R
ARERE 01141 0.7621 = =i PusR
B2 B R R

Fig.2 Environmental complexity assessment result

A BEAE AN TR B 3 53
SIRBEEAT RSN
BESRIRRA —E R

PAFLEE, AR
S SO . A SRR A %
s AHP M, R 37 5 AN LA

eferences)

A T GISHIME B F ik £ B Yk 52 5 KR4 b 0 2
T —— vl 2 i 3 K B TR S R 481 (). 3 R 5 3R

o  3%£,2022(05):90-92.

[2] ARABAMERI A, PRADHAN B, REZAEI K, et al.
Assessment of landslide susceptibility using statistical and
artificial intelligence —based FR —RF integrated model and
multiresolution DEMs|[J]. Remote Sensing, 2019, 11(9):1—24.

[3] I Bk T i B 5 GISH 2 F 30 0 K 3 JT R F e M 3F 4
BF R [D]. K33 T I 8 K F,2019.

4] RIFZ A TU/STHRARERAAARBILRARE HEABRE
ot ey i B 5 K R [D] AR AR R AR T K 5F,2015.

[5] MK, &M, 8 « IR W E R B4R SRR ]
FRAEFEA,2014,35(03):40—44.

(6] # £, Frwe K T HEM 42 A3 ik 09 A5 5 4 KU A []]. 58 8
1% % 37,2016,32(03):92-98.

[7] WANG F Z, HAN S M, LI Y Y, et al. A hierarchical fuzzy
comprehensive evaluation algorithm for running states of
an electromechanical system[J]. Systems Science & Control
Engineering, 2021, 9(S1):103—113.

[BJLIJ L, LIN S X, LIJ Q, et al. Risk assessment method of loop
closing operation in low—voltage distribution network based

on fuzzy comprehensive evaluation[]]. Energy Reports, 2023,



26455535

BRI . BT BOMIZE PRI 0 HRSE A 2R BE PR A B 72 51

9(S3):312—319.
[9] AR, @ %, F X A TRkt TR $ 8 & K iits £
ATy k()] 45 45 B 45 A,2021,43(03):124—129.

[10] KRB A A T & B AGISHY T 2 30 B3 it % 5 W3- #F
(D). AL 7% P B 3R K 52,2018,

[11] AU R H R, A E 5,5 K TGISAAHP#) 48 H 48 % K 3K
YR R E RSN 0 A 5 19 W3 4E 82021,
44(05):25-30).

[12] # R E X 5%& E A 5 KT B RS A bR 5560
D R R A KA F R RS IR KA FIR),2021,35
(06):566—571,579.

[13] 248 5% 376 oty 30355 o o Bk A5 S ap A% 09 52 A o5 iR AR
D). &% 3G 2 b F A K 52,2017,

[14] &74), 540, F 354k W REIR I A 7 B BRI IF %] & F
12 B 3T 43 K 2018,33(06):63—66,75.

[15] E 9,245 % BAsAF T 69839 IR 8 2 E AP R[]
FAIRIE TA2,2021,18(02):108—114.

[16] FR¥ AR, ERA KX TEME SR P R0 ER T B RIRFL A
2% BB 2] ALAS o F 347, 2013,36(03):39—42,62.

[17] Bl R — AP A 42 TR P 00 B 3% L RESRIL B 4 LR 4%
S [J]ALAS & F TAZ,2018,38(05):151—153.

E=TEVE

FRK(1982-), 2, fit:, EP TR TS, EHER

1k, TREH.
P E(1983-), 2o, AR, PR B S EHEER

(EHESTI)

PANTARTEZE S, 410 2H M4 Se i B A 302 . 138
I FTRT AN AR, APRINFR2PR . WS E T E] L R
(B3 7E 7 ) SUME B BE I, R T 0k SR UM () SV R 2L
RRERDE], Bl Pre (EBAR, A SCHR H B9 FIA T H 3
HEMR) B BRI A = EASI8E S, R T SUME ] S AE K- T

CORTTILT B SUAE I) 50 SR DA SR E B DR, RS 23 115 2
é >5]

H SURE P SRS, T DAAR SCHi ER S5 AT S e ) Pr
Rec . MWHEIRTERESRA, R SCHE MR IA1E PRI 2 7=
RNEWMBRRMEREHRT, %ﬁﬁ%ﬂ@*ﬁ?ﬁ%ﬁ
Bt AASCHR B D5 IR AR

#2 HELRTNIE 4
Tab.2 Segmentation results& jon index
Bk REMH /% Hs/%
Kk 99.78 .73 81.64
XURME 99.71 66.35 88.55
RS B 99.94 90.90 92.40

4 Z5i$(Conclusion)

HE CT 7 47 PR o o S0 ] 58 1) 350 2 S0 ) A = 448 43 B 1Y
B, ASCEXTHHECT R A B, RAWIIE T H IR # Y
BT, ARAESERIRA SRR, SR T Rk B sir
MENRI LA E 7 ¥E, FEVS2010(Visual Studio 2010)+MF C(f#Ex
BRI T- & T A SR IR BE B TR, SR g R
B, M ARG O . DUSIETE, AR SCHR S R AT
P4 B 56 S BT S C T 41 Pl 142+ S ) 48 ) Ay 4031
SE Xk (References)

[1] 5 BF AR08 97 R F MR 69 I RAT (D). M # o E
2h K 5,2018.

b, BEIITE.
Q.

[2] & &%3% MRI4 AT & N RGP g B R
ﬁx‘fﬁ%#ﬁ[}].ﬁ%% & 52 R 2022, 6(16):122—124.

(3] MR .éﬁ#ﬁbl#ﬁl‘ﬂﬁﬁﬁﬁéﬁﬁﬁiﬁﬁ‘ﬁf??[]].#ﬁﬁl‘ﬂ%%

03):149—-151.

KIM J J, NAM J, JANG I G. Fully automated segmentation of
a hip joint using the patient—specific optimal thresholding and
watershed algorithm[J]. Computer Methods and Programs in
Biomedicine, 2018, 154:161—171.

[6] ANTER A M, HASSENIAN A E. CT liver tumor
segmentation hybrid approach using neutrosophic sets, fast
fuzzy c—means and adaptive watershed algorithm([J]. Artificial
Intelligence in Medicine, 2019, 97:105—117.

(7] % MM CTAGR S 5 5 ke A [D). L R K
%.,2019.

[8] PeAk# K FEMBALEE (M) F40. 7T wF T kg
#£,2007:447—448.

[9] FFE S A EAUEA Y (M. F 38 FF 4 K 5 B ORAE,

1998:19-20.

1EEEIT

RA2(1998—), 55, WitA: BFFTOUR: EIRALEE.

o A(1988-), B, ML, BIBPG PR R4S
BB A SCEF RS

M5 &(1961-), o, Mt Bz Oreaud. EBBEB S

W

o #(1990-), F, -t EBEIN. BFRA: FAEANR





