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Abstract

Spatially complex systems have obvious spatial structural heterogeneity. In the simulation of their
spatiotemporal processes, attribute similarity and spatial heterogeneity are two important factors
affecting whether the process simulation system can correctly express the laws of the process. Based
on the simulation of special laterite nano-micro processes, the project conducts global spatial autocor-
relation analysis and local spatial autocorrelation analysis on spatial heterogeneity at different scales.
At the same time, it uses kernel density analysis to create a two-dimensional heat map to intuitively
express spatial heterogeneity at different scales. Then, it is proposed to use cross-domain scale-invar-
iant features for Multi-Agent System modeling to take into account attribute similarity and spatial
heterogeneity, by exploring scale-invariant features in different logical domains of acid and alkali,
and then finding cross-domain scale-invariant features, and finally using cross-domain scale-invar-
iant features for MAS.
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HR A T A (. AR B AOR 096 T LB S i FTE MR Uk LI AN [ B RIS DA SR — AN R 2 AL,
REFLRY 7 L0 TRRHEAEIR R ES2 B RO RGERHERI[1]. DRI S5 #4 2 LAk —
ANEEFERR, AMUBE T SRR &, R doe SRyE ., 2 e TRERP— N
BRE2]. BT EAMERIREIRZ . IREM, Kk DU 2 B A 3= 1 I 2 B 7R X6 R gl
SERRFE B 2 BT S8 A T DABUE 20 A o = I BCFAAE Y, 78 AR RO S5 M I 7 A o8 o 3 L1

Y TR FE L IR S8 P AR BA PR A 2 1] e R PR IR 2 (A1 R 20« A ISR TS T — e ke, A
AT & G eT Ab BT AT A% . B RSP B 2 58 Bk o X6 T i er 4 s 2 (Rl K 43, B DA R I s ABEH0L )
HERfPE DL RO S R A R R A 8 D7 T SR B A3 BUAR U o B 25 BEAULAE b 5 2 AN - B s ) — /N 5
B BR324 LA M AT, " ST AT I R R e 3R SIS AR B TR0 5 R KRR A T 3 S PR 5
ZL L B2 AL G FE UL 0 R/ L TR HEZ D7 R R ALBR /- A 5555, ax e 21 Ao 45 440 1) Jg PR AR 0
AR 2 i) S o K 0 R B DA B LAt — BB AR PR T A BOR BN R R

ARG SEM G HIAS [F R AE SR B b 7E BN R S [F] [ R EA — 2 R . R 3]
(2004)FIFH GIS HAF R 5e B AR T L Bs UG AL TR, I BLEATH S — IR O S 5 m B K .
AEE[2] (2008) @R XKL SEM G —E1k, LAEMRMILE R SARE SR T8 —(E R B ag R
M ERBREAGBR + ACBR) M AR, EE%[4](2008)% AFI A GIS $AL A AAT T
RO, R T R SEM EUE TS IR FLBREE 0 e f0 =4 538, FES AT A Fbe . XL,
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B RL[S] (2018) 2 HH 2= T L 07 A2k 1) 4 PR 7 S e BRI R AE SR 7 Vs

[ X F 56 F SEM UG - AR SOM R AE 1R S B - A 7 R ROV e At AT T SR, ZR47 47 (6] (2020)
ARGV R LN AN R, AEWR T FsE . WO R T B & A e Vb R iR AR A T LB, IRl g
SR IE AR A R AR FE R R IR AR AR . R TR[T] (2020) PABRIFREZE R A NF R R, EARFT
YER 26 Rl 347 — R 51 2 ARS8 FIAROUL RS 23 1) 22 G T 90 A4 R B2 1) 2 AN GOW 2 400 5 ik AR AR
TERHERIR R, b HOE AR R (0 2 MR I 5 ORI RN TEBR &R, I A& G BRI R L R4tk
IR, LR TR AISEE . #HEE[8] QO2DIRIEAE 208 X 3 Ly TR, ARG 1K
T3 X RN O A ) B IE R, 0T T R S GG T RN B K En B IE A ) R
s, R 1 RS LB E A R M OO LB . SR, E T P X T AR G Rl A AR A P v
R Z RN TRt b

| S 7 1 B RO R FESE T SEM MG AR M 72 L o Tovey [9]%F A 4 K ) v 7 2. 4l €]
BT T @ BN R Tovey 5N FTHREANLEMG RN KRGt LRSI G SNREEAT T 2 = HT[10],
Prakongkep [11] (2010)%5f# H] Image] %€ S VPO 1 LI b 0K SEM IR, H Feret {8 5 1R FE{E K
TR RIRLI R/ NRITEAR 15 H SRR TS [F) 4 i 138 Hh D J5URE Feret (8RN B FEAE 1) /0 AR HRFAE, FFARRE T 2
DA E S ARFAE AR R . O T SR iR b e Sl s AR 5, B A AR i 5T R 2 R A3
B, HEE T KREMFEFEIE[12]. B. Shi[13](1999)%5 A 133 1 S5 (SEM)HI) & 38k 5, T
il HIRAE S, SEILA VR G USSR T AR SR, 1205 1 Re s (R B IR IOV AA O S5 48, S a R PR 1
D AE H A B AR 45 (RE i EIRIE ) SEM BIME B8 % B it 2 B R A R B I S Bt o PP AR 14]
(2021)Z AN T —Fh ST A BE i R B . A3 MG P B L AOW 45 440 Jo 3 T AT S K T

H RTAE 3O 45 4 LTt AT OB 78, R BN ARG N 0 3 B A S e e s A5 B e i
RETHENL, ML LI I AH BAEF 77, DARCHAEA RIS R 2 20 1078 4k, AT B8 e 3 B A 21
TR EE IR e s 4 W R R RO R AR L, M REE AR EAE AR S M RE T
PIEME R ML A RIS TREAME, WAL 28T N KRG FE A TR, SO AT - i i i)
BRI Z M GRS B LS MTEAR RIS 24 T AR, i #as HAE PR o 4 AR,
FFINLAS 2 > Sk b LR e a0 LS A 1 AR A e s, IRALBERUE A . (B RO g5 44 L
AR R S S v, AT B AR L IO 4504 R Gt 5 e B PR A BRAE AU DL N HR B SCBEARFAE
KA AR BRI IR S, SR TR RS Y R RN 5T 45 S AFAE H MR A BOU AR AE AR AL
R ] S A D 2 3R o OO0 28 ) T 15 I M 9 12 o 1 22 R T R e K1 SRS A0 1) 7 R B I 7 o
SRR BE SRAN R 7 v (2 () s A T R 2R Ay S R BRI L IR 2, %o S M A AR A 2 i) S o A St
SOMR . QORI A REER LT SERASTIOAE AL, SREOCEIRFIE, ZBRERER, WARME L AIROW LA T
FRARFIE (1 DR SRR ATE AR A — A 1] 7

FAVTF I AN FE,  — 5 THIE I B 2 D 4R — ol 253 11 52 T M AR B P A0 2 I S A ) L il
R 5 AL, AT L OGO 25 R B S SR B R AT IR R . D — 0T, o i M A A 2 [
SRR Z ARG N REAT I ZS EHHE SRR T, 3 73 M RO 00 445 A xoF T R e g 81 S 00 B8 Jiroas af ]
HE, RFVRALEI B, 67 A1 BRI 5G 5C 28 21 DR SR HE B 42 1) 1 685 2 R IR el b LA — e s

2. ARAAE
2.1. BEEKRIR

FEWRFEA, A — 00 N EAT AN [ RUBE T RO ABUIAE M 23 18] S5 P 20 A B, [ N AT I A E AN ) T
N, WEFEEE SR 8% IR N IR 1 R 3 Ry SR 7T R 10 RIWTG Gt SEM EUGORIFE A5 i

DOI: 10.12677/hjss.2026.144023 230 T+l


https://doi.org/10.12677/hjss.2026.144023
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Figure 1. Technical roadmap of the study
1. AR E

2.3. BHEAEMEREERRIES

TEFRBRAN R RIS AN , (5 GIS Bt 42 J5) 2% 8] [ AH BT  Jad 30 2 18] A G 7 B R 25 B 43 A
5T SEM UG I 25 (8] 7 o P A & 1 AE A o 45 SRR, 20 L AOWL 5 A AE A [ RUFE b A7 8 Sl 35 1) 725 8] S o
PERARA I SR SR

8% FEIIT IS 5% FERRYS Je 264 N I AR TOM 4514 SEM BHRAEAS [ RBE N 142 R 55 22 FR 4503
KF 0, BEIEA. FiRM Z BoB3E5 K, Bifs PAEHN 0, /N 0.05, HERMGEIGER 2 m 5 A0
PUBEHL A RS AR/ T 1% AT DU AR SEM BEGELAT 1E /25 18] F ARG, (% oclE
ARG ) T SRR — A, St HE T AR 445 40 P AR B : 5 B 0 25 i) S S PR R AGE o

8% ii5 He UGN 5% RS H R, it KRG z EH N IEE, H P AN 0, KEHR
AR BEAEAZ O A [ 0 A B 35 MR AR IE . atiHaE R, WERERERTUES, ENHEER
HEFR. NERKDPT, FYEIERFE IR REUN LB EA RO 23R 25 (1) 2 A 38 BAT 38 il
AT

8%V FEHRIT Y 1A 5%k FERT5 e L ¥ SEM UG K FE 43 AT 35 HAT LU R i i o, v 2K BEE BN v
IRFEAESE SR, MK FEAEAMIS AR FEAE AR 2R, R AR AE S (K FE AR o TR & R DX O, 7 e A A AE R B 1% 0L,
151/ 151 K P B SRR K B SR AE AN ) RS G EAETEANTE], AR K B (1 SRR IS DT LLE Y, AT
SEAEFLIUR - J50RE SO 8 P TE AN R RO P R LA 1 0 %) 2 T S S P AR AR R A e 2 A (R

TESZHEE R, MG R S [ A R 2 TR 5 000 e P 2 DA B e AT A 2 1 e o e il ot PR A e (i 1 =
V) 25 G B2 R0 A 18 DL S LA R AR B . 7E TR EE R R L BAARES, KA <17 177 20k se
FIRALERIE, SR P A% 2 P55 43 B 0 WA, B e 4 1 O i B R AT o0 M BV J s BRI ) 2 T e o J I 43
MraT 4, 8%ikis 4t SEM BME A 5%2i5 4t SEM BMGAEAF (R _ BRI - AN, EARFR
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FE AP ORI 25 0] A8 S P o AEEAT I RSN AR A A o, RO A [ S5 2 ) S o P e A 2R ) S 43
BT SRR 2 . R TR 2 AE R 2. N T R RIX AN 0 R, A A i 75 A & [ 4k
HAS )R B A 2 T) S S5 PR A e AR ADUME DA N BB S AR T2 4k, 78 MAS S FRAR L A SR A B 4 ) N AR
RFEEAT AR .

2.4. B REATHHFEE

LEBRREAS (38 #H4 N 3#E47 1000X A1 2000X, 2000X A1 5000X FL#E )5, 7E 1000X A1 2000X Fiet v ) &
B EAN 1000X 1 EHE BT H 2000X 1A — X8 [F]I£E 2000X 5 5000X Bk ¢ & B 2000X 11 K
B BT H 5000X 1 [F— X3, PAREHT R . FRUSABRHE R IBTE A RN TR FrfaE . L
B AUE BB, Ref R IR M H AR AR AR AR R AE . 7E R AR BV R IE A 4R, SR 45
P = HERFAE DL S SORRHIE K FE L AR SR B S HOR AT IR B o MR S50 = 4 RR e GO AE AL | 3] | )iy 26
AKFREEE, G, R, SN, RS KELAESESREIEE. T2 A X
PORE. MESME. SRR, B, AHCHE . AREEAS [F R b R —REAE R A DG /N SR s AR AE 32 2R
FEARA BRI, FHOC REOERR, Ui B RRIERT RSN GRS, v LR R REERZ IR /N, AT Aff e N
JRPEAARRFAE o X T BRVRAS [R5 G310 RBEAASRFE, X0 T35 B ROBEAS AR KRR R AR LM 23 B K
JE 75 TR BRI 1) RBEANAS

TE 8% W5 G261 T 1 1000X F1 2000X $&HL ) [F] —HFFAEAH M504, 2000X 55 5000X 1) [F]—HFAEAH
et bl M RBOD R IR . T L AT AR, TR E O 8% BT G A 1 R E A
BRHIE

[FBE, TE S%ERT5 Je 264+ T 1) 1000X A1 2000X $& M) A —HFFAEAH ME /34T, 2000X 5 5000X F 7] —
FRIEA DGR T, MCREOYB S R e, rmihze, faadhse, s, sk, 1y
B 2. R XTEREE. AR SRR AR, I N 5%RRTS Gedk Ay 1 R EE AR AL .

T 5 BRI IR AT 4R B AR ABUE 23 M7, 1000X 1 2000X B X T BB N2 [ 4RRAE (0 ARABAE 23 #7445 B 22
1 FIEE 2, JEAIAE 1000X AT 2000X FIFHLLEAR A 1; HI(ELE 1000X K EIFLLE N 0.956, £ 2000X R
5 0.946; I AETE 1000X ALY 0.897, 7E 2000X T HIAHELEE N 0.873.

X 2000X F 5000X Bexs T BB AR [FRIRFAE AR 73 BT 25 S 55 3 Fe 4 dh, B mi7E 2000X 1
5000X FIARIEAR A 15 BMELE 2000X N BFIAHLE Y 0.953, £ 5000X T4 0.966; —FrE1E 2000X T 4H
A 0.969, £ 5000X FHIAHIEE A 0.901. LREKE, (EESERHHIE I AT R — R AR U 24 5
eI SAE RN B A R R AN AR RFAE

Table 1. 1000X and 2000X paired under 1000X approximate value matrix
# 1.1000X 5 2000X FoXF 1000X FUTAMEH-EFE

e 1 BE 1 ZE L e 2 YIE 2 B2
Wi 1 1 0.968 0.92 1 0.983 0.994
BIE 1 0.968 1 0.958 0.967 0.956 0.946
L 0.92 0.958 1 0.92 0.935 0.897
e 2 1 0.967 0.92 1 0.984 0.994
YIfH 2 0.983 0.956 0.935 0.984 1 0.964
ZBiraE 2 0.994 0.946 0.897 0.994 0.964 1

&
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Table 2. 1000X and 2000X paired under 2000X approximate value matrix
7 2.1000X 55 2000X FCXF 2000X R U AMEHEFE

era) 1 BIE 1 B L era) 2 ¥IfE 2 ZkE 2
a1 1 0.974 0.9 1 0.974 0.977
¥IMH 1 0.974 1 0.948 0.973 0.946 0.931
T 0.9 0.948 1 0.899 0.907 0.873
W 2 1 0.973 0.899 1 0.975 0.977
¥ifE 2 0.974 0.946 0.907 0.975 1 0.926
B 2 0.977 0.931 0.873 0.977 0.926 1

Table 3. 2000X and 5000X paired under 2000X approximate value matrix
7 3.2000X 5 5000X FoXF 2000X R AT AMEHERE

a1 BfE 1 B a2 ¥I{E 2 bR 2
Wrm 1 1 0.989 0.991 1 0.979 0.983
BIfE 1 0.989 1 0.993 0.988 0.953 0.954
B 1 0.991 0.993 1 0.991 0.972 0.969
B 2 1 0.988 0.991 1 0.98 0.984
¥ 2 0.979 0.953 0.972 0.98 1 0.972
B 2 0.983 0.954 0.969 0.984 0.972 1

Table 4. 2000X and 5000X paired under 5000X approximate value matrix
£ 4.2000X 5 5000X L 5000X T LA A R

Bl 1 A —FE Wil 2 a2 —FiE 2
e 1 1 0.987 0.974 1 0.979 0.948
BE 0.987 1 0.988 0.986 0.966 0.898
—EE 0.974 0.988 1 0.973 0.935 0.901
e 2 1 0.986 0.973 1 0.98 0.949
¥fE 2 0.979 0.966 0.935 0.98 1 0.943
“BriE 2 0.948 0.898 0.901 0.949 0.943 1

3. MAS #E&I#3E
3.1. MAS =8I

£ B ek 2 5 (Multi-Agent System, MAS)Z H % Agent 21K 1B %E, 038 AL 1k 2 11072 H AL T
S e — AN 2% . Agent T DL “ANAPEREL” , EBKMET ik, Agent 15 EA5 B B4
BG4, Agent IT LA KT EHUBE AR . A Agent #5EH [ LT, esERATEIRE Y, HH
i, Agent HEATAS T UME, REIERTEFD E & BT EATIOANUL, X 1 S FTAL PR BT 2 (i R
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3.2. TERUTETHEE

8 H netlogo BT &, WL BTt Z M Agent KA IR RN S5, HASGT B PUE. &
V) S5 ot A DA S o AA AOU 225 ) 56 B MR RRLADL 45 SR (R B i) o ZEAR AR A s b i B RS AR Agent SRARAD L4k =
FHA R AE L, SZRIE SIS T TR LR, <&@t 50805 N AR T PR 7e ALRR . B 5~ Agent: s
Agent, BAUGIER A B RABHLY 8%, 2 Agent: BB MIER, SEALBEZ . KE
fEIN . 7K Agent: SERIT—REIEHIRRIGRIKE, X LIREMIERRN, DNECEKEE. KA Agent:
F TR0 [E]AZ 4K,

Y e (Rt 5RO/ INEE TRAAE R OR/NE . netlogo B4 A I A KN T Bl skidb A7 R 5 . B0 F s B8 [
SEM) Agent, B LHERMURIRG K. #3h Agent FEH I #F), B LIEALBRAR . FERAL k4T BUG K S
WLy, 2K AR B netlogo Y peolor J&PERHL, peolor VBN 0~9.9, KE(H N 0~255. iE i K K A /I
F| peolor ] 9.9 ML, HFIX peolor AR N AK BEAE AR AL, Fai th I i i 3fe DA 5 35 25.76 SR S K FEAR 1)
FERfE ] B ticks W 2% F TGN () 284k, ASTI I S ), a1 B R R AR B 4 ) Agent FRAR
oo FRAS AR Agent AR FEAE AR AR FH f5 R AR PS8 A6 S8 SRV D e 4

3.3. TERMTRETHERL

SR FH B SYI0A 52 1O 85 S R AN A RFAE B A B R N, AR AR SN BIRAR h, ERWER
Z) Agent UYL, WEXN M KFRPORE W ERE > 5 AR R T O3 BL R ROMEL. FEBEE Y
I ) A 3 EE O PSE L R SCAR SO o o i S RO DL A PR AT EAE, AR A BB RSOOSR M )RS Ak
KIS

4. ERDH
4.1. 8% T TR I8 HE 53 47

LU0 R R AIE 2 R o R K PR 5 SR BE AN R AIE, — MRS 0L, R BISURRAIE PG B 4 Hh AN
B B TS FE R AR BEARAIC S DL v RE PRI R, X TSR . BRIk iK {5 S . AR, J-S FEE.
Wasserstein [ 55 G HR B4 70 A0 (O EEE bR, EATMRZPIRES, BSIRIUER SAFEE “PhETHAR” 7%
Wit FEHAT MAS BRI 8 R BEAN AR AR, 78 BEASEJ5 ) B AE BRI A BZ R 2 A 21 A4 Req3 21
IGE . R R AT SRS AT Wasserstein FH 253347 56 0F FLAHAUE o

Xf MAS BEAUM i b R AR AR 1 ) B TR RO AU BT SR B SR AR R ik R AT 28 SO o0 A, A
IR S SEL R A I

FRIREL
—e— 2000x  —e— 5000

Figure 2. The cross entropy change of 8% alkali mean contrast
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Figure 3. The cross entropy change trend of 8% alkali slope aspect contrast
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Figure 4. The cross entropy change trend of second moment contrast of 8% alkali
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Figure 5. Wasserstein distance variation of mean contrast at different scales of 8% alkali
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Figure 6. The Wasserstein distance change of aspect contrast on different scales of 8% alkali
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Figure 7. Wasserstein distance variation of second moment contrast at different scales of 8% alkali
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St prar s, [l R REIE BUE A SO AR AR izt R, ) 2~4 Fos, ANFEJRE EFE
— AL UG AR a3 R B HRI Y, AN ERFAEAE 2000X A1 5000X (1958 R 22 73 3547 BE F-470 R B8 1k
AT DA I, 35 1) A0 R AR A BT S TR, (FUR AN R RS 3 A SO 22 5 Ak e 35 B B A TR
] — U IHRAAE R Wasserstein PR 2580 B A AR ETE T — 30, ARUE EF-—FRE BRI 3
BRI, W 5~7 B, ASEFRFIELE 2000X AT 5000X [ Wasserstein #1552 73 34T BE 9547 R B8
RTRAE H, S A e AR AR TR, (R AN RUE FRI35{E Wasserstein FE 25 22 73 B4k 8
IR, B A RS X 25 3 AL A RN (. Wasserstein P25 25 0 ARGk 3s, RIS 1048
s HA — @ FIARME . AR FEA R RHIELE 8% Bl L5 T & %1 .

4.2. 5%BE TR TS 4

TR, AE 2000X F1 5000X b RRHIE BIMEAE SRS ARG &S B — Bk, ANEREE B IR —4F1E
EUR AR A KRB A F ), Wik 8~10 s, ANERFELE 2000X F1 5000X (158 Xk i 22 73 34T B
FEAP R BB AT DU I, B 1) R A AR AR T — BRI AR, (R AN RREE IR IE 2 U 2
A BN . [ R R % Wasserstein JH B AL AW T — 8, ARRE L
—HFE EG AR AR FCE AR, W 11~13 s, REFFELE 2000X F1 5000X Y Wasserstein
P B 22 oy HEAT B FR P R BB A TT DU B, 3 i) R0 A AR AR iz ks TR, HRARIRE LW
YJ(H Wasserstein £H 55 22 43 A8k #a 35 B B AN [E], 38 i %) Bb S8 1R 38 ORG24 A8 4k #a 35 A1 ) {H Wasserstein
FRE NS, RIWEN G B — e fAE . DONEIR AR RIEE 5% Ll T
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Figure 8. The cross entropy change trend of mean comparison at different scales of 5% acid
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Figure 9. The change trend of cross entropy of slope aspect comparison at different scales of 5% acid
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Figure 10. The cross entropy change trend of second moment contrast at different scales of 5% acid
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Figure 11. The Wasserstein distance variation trend of mean comparison at different scales of 5% acid
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Figure 12. The Wasserstein distance variation trend of slope aspect comparison at different scales of 5% acid
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Figure 13. The Wasserstein distance variation trend of second moment comparison at different scales of 5% acid
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