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Comparative Analysis of Feature Index Weighting Methods in a Spatial Point Group Target
Similarity Calculation Model

ZHANG Yingxue, YAN Haowen'
Faculty of Geomatics, Lanzhou Jiaotong University, Lanzhou 730070, China

Abstract: [Objectives] Existing models for calculating spatial similarity relationships of point groups on maps
often rely on questionnaires, expert evaluations, or predefined weights to select and determine feature indicator
weights. However, this reliance introduces limitations in objectivity and generalizability. [Methods] To address
these issues, this study undertakes the following research: (1) A systematic review, enumeration, and analysis of
characteristic indices commonly used in spatial similarity models for point groups. The primary research focuses
on attribute similarity, distribution range similarity, distribution density similarity, distance similarity, directional
similarity, and topological similarity. (2) Several methods were employed to calculate the weight values and
ranking of each feature index: the Analytic Hierarchy Process (AHP), the Fuzzy Comprehensive Evaluation
Method (FCEM), Rough Set Theory (RS), and a composite weighting method integrating AHP and RS through
the Lagrangian optimization decision model, referred to as the AHP-RS combined weighting method. (3) The
weights derived from the AHP-RS combined weighting method were incorporated into the point group spatial
similarity calculation model. [Results] The results show that: (1) Comparative analysis revealed that the AHP-
RS combined weighting method not only maintains the same weight ordering as AHP and FCEM but also
significantly reduces the unreasonable weight ordering issues caused by RS's high sensitivity to data.
This method effectively decreases weight disparities, making the evaluation more reflective of actual conditions.
(2) The results of point group spatial similarity calculations at various scales are highly consistent with human
perception of point group similarity, further validating the rationality and effectiveness of the AHP-RS combined
weighting method. [Conclusions] This study ultimately provides a set of characteristic index weights, @,
O gigancer Db Ooincetions Pscoper Paensiy—(0-36, 0.15,°0.10, 0.15, 0.12, 0.12), offering objective and standardized weight
values for point target spatial similarity calculation model. These weights establish a reliable theoretical
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foundation for spatial similarity calculations and comprehensive mapping.
Key words: spatial relations; point group; similarity calculation model; feature index; weight determination;
combined weight method
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Fig. 1 The number of occurrences of the spatial similarity

calculation model feature index in related literature
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Tab.1 The spatial similarity calculation model feature index weights in related literature

FRESE bR

L JEPEARLRE ST ARG AL Gy BEAR LS B A B R J7 Il AHBLRE FHFMARLEE
[9] 0 0.2 0.2 0.2 02 0.2
[10] 0 0.25 0 0.25 025 0.25
[11] 0 0 0 173 173 13
[12] 0.22 0 0 031 025 0.22
[13] 0 03 0.4 0 03 0
[22] 0.25 0.25 0.05 0.2 0 02
[31] 0 0.067 0.067 0.240 0.158 0.468
[33] 0 0.25 0.25 0 0.25 0
[35] 0 1/6 1/6 0 1/6 0.5
[36] 0 173 173 13 0 0
[40] 0 0 0 173 173 13
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Tab. 6 The weights and ranking of characteristic indicators determined by RS method
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TEFE AR 22 18] 1) 22 FE ) d5e /0, PR S e 4
FAHARLEE 5 AUE B AR J7 Ta) AEARLE | 4341 %% B AR
J&E T2 4 A7 1 AR AR BE 22 ] 1) 25 540 0.08, Ji A
T, AHP VE N —Fh WA | 25 5 52 Bk &

F R 2R AR, DA T B0 R AR R AR A 25
K, JEPEARRUEEAUE AR /I, 32 M0 55 17 HAE 23 [ 45
U THA AR p (5 i R B, SO 45 Rk
LAk, AHP 5 RS B3 8 A E HE P AF e 22 5%, 0
HIRAE B MEAR U X — 8 An I HEJF b, AHP #4 HL
FEVEHEZE SR DUAT, 1T RS WK HHEAE 28 — A, X J2:
T RS A R —Fh % UL 0 o 7 1%, ORI 2= B8
WA FLIL , (AR BE 7850 S R P 5 35 X5 AN [F) 4
Frfy AR, AT RE S 200 S OACE 5 52 bR B A
5, E 2 AR SO

AHP 5 FCEM i 319 AUE 25 S 5/ Herh 3
FIAEARLFE A 58 42— 3K, 4311 %5 B2 AR DL BE TN 43 A i
FELAFARL B2 22 (8] () BUE 25 A0 0.01, BE B AL |
Ja& PR AR RS LA K T ) AR AL BE 22 8] A AL 25 S o
0.02, ILAk, A MACEHET 62t —8, X2 T
FCEM J& AHP i) —F 4 & , 8 Z [HIfF1E—E N
FERE R 4 FCEM BT A9 211 6 MR IE T8 bR Z A1 1Y
PUE 2284 0.38, HE T AHP 153 i AUE 2515 0.36
A PTG /N AR BCGE ORI R B2 54T 7T R S BUR

#*8 FAWE

Tab. 8 Comprehensive weights

EELAN JE TR A AL A BE AL B AR R 7 ) RHRLEE AL
AHP 0.06 0.09 0.09 0.17 0.17 0.42
RS 0.18 0.14 0.14 0.18 0.14 0.21

0.2 0.17 0.13 0.13 0.16 0.27 0.14
0.3 0.17 0.13 0.13 0.14 0.29 0.14
0.4 0.17 0.12 0.12 0.13 0.31 0.14
0.5 0.17 0.12 0.12 0.12 0.34 0.15
¢ 0.6 0.16 0.11 0.11 0.11 0.36 0.15
0.7 0.16 0.11 0.11 0.10 0.38 0.15
0.8 0.16 0.10 0.10 0.08 0.40 0.15
0.9 0.15 0.10 0.10 0.07 0.43 0.15
9 AHP-RSHEENEAMENEFNESHF
Tab. 9 The weights and ranking of characteristic indicators determined by AHP-RS method
EiEt 2 ML T B A R J AR L 7 ML oA F AU 31 AR
L E 0.36 0.15 0.10 0.15 0.12 0.12
¥ 1 2 4 2 3 3
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Fig. 4 Comparison of the weights determined

by the four methods

PEARLRE th T AUEE /NI S | R BT 45 R R L

AHP-RS 21 & B I P g A O BUEHE P 5 AHP
S FCEM B HEF 58 2 — B0 AT 3 PR O o 1%
T3 1 72 1Y 6 AL S AR ALE IA] A 22 HE5 0.26, AH
BT AHP FI FCEM BT fff 52 A9 A 1] 22 1 0.38 Al
0.36, W7s 2 F 8% . X —BCEM RN T,
AHP-RS G AUE Ay —Bb 2 W25 5 WAUTs
15 B BT PSR R 2 R R b ) F A i e
B, SCH A A0 58 35 B0 S, AT 20 T AR
AR ERE M, SCE T FW S E MR g,
fdi 525 520 R 5 A RA 2 SR LT 5 o R, AR S
I 208 5 AHP-RS 2 5 AUE 5 B E IO AL 4y,
O s @ s © s @ s> @ = 0.36, 0.15, 0.10,
0.15, 0.12, 0.12) 5y s fhf F A5 2 ] AR B R T SRR
A R IEAE AR B A o K5I AU SR A
WA SIM=cw,sim, 1 , 15 B)A 6] R R fifF 25 (8]
FHABLEE AR 10 BT 7R

F10 FEIRET =B

Tab. 10 Spatial similarity of point group at different scales

oS IX et R 7 SRS AL /%
TR X 1:10~1:25 78.77
1:10~1:100 36.94
1:25~1:100 44.63
THEIARX 1:10~1:25 78.82
1:10~1:100 4229
1:25~1:100 4339

HRE 22 10 T s E 2 (B ARARLEE , v] LOURER 3 .
2 RO 1:10 J7 48 580 2 1:25 J7 i, 258 H pr )
FRFE DL BEE 78.77% (78.82% ) i 2 85 T Ll KM 1:10
J7 78 H1 2 1:100 J7 B Y AHARLEE 36.94% (42.29% ) ; [F]
FE L HE B R 1:25 J7 28 38 2= 3 1:100 J7 i), 558 H
T[] B AHABLBE 44.63% (43.39% ) IR I i i T e A1) R
M1:10 J7 28 B F 1:100 J3 I Y A LB 36.94%
(42.29%) . BV, Bifi 45 Eb ) RUBS B A 38 K, wi #F H A%
Vi) AF AL % T 3R AK 5 T it b 9] R %) 3 3 4 /)N,
PR AFAL B A, 52 0 B 3 el () R 34, X 5 N2 A
ANTR] ROBE T X A AR LR A 32, S e
J& Al T AHP-RS 21 5 AU 25 B iff 72 R 11
GIYE S A R

5 %5

A KT AHP RS .FCEM }2 AHP-RS 4 & #L
(B, 43 AT T 25 (8] s B E AR AR LR TS A
ZAFREFE A B ABUE S B HEFY | A0 45 I8 A A
JEE 3 A 90 R ARARLRE | 43 % B AE BLBE | BE B A {0
JE 7 AR e R AN AR AL o A X T, R
I AHP W 78 1) £ FRIEFE AR BUE Z B A AR R 22 52
oA JE AR DL AU AR /N, 1155 T AR 23 TR AH R
JETHRR A s ), SO A SRR O —
J5 1T, RS 1 F AR & WA |, 5 BORCGE HEF A
B AHP KR, Ja AR AL BE HE A% 5 SR ies 1 B i
ANFF 3 )R48 FCEM 7E— € F2E LG T AHP i
(AR AE 8 A AN 25 S5 458 K11 R, (R B3 R I R
B3 A RUE 22 B5 M 0.38 I8/ 2 0.36., T, A
SCRH AHP-RS 21 A5 BUE L T3R5 A, %007 1%
W7 EHMHER, WEA /DT BUE R 22 57, 46
PRVPH B LS I o R IZ AT AR S A5 ]
FEARLEE THAAR A J5 |, 25 3 W, BEE EL i R 35
AR /1N o5 TR TR AR DL R S TR B 2o il 1 34, ) s
Ll ) R 3 AR, SR s [ A AL EE R AR, 5N
FEXAN A RUBE T SR AR AR EE BN TR — 35, i — 20
BAE T AHP-RS 20 & AUETE A E R BCE Y& FPE S
AR

AR S S IR AE 3 bR AL TR @ 44y © o @ e
O s © s @y =(0.36, 0.15, 0.10, 0.15, 0.12,
0.12) , 2 58 H bRz [R]ARRLBE TH AR A Pt 1 2000
HEG—mRCGE , XER R e T LAELETT
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