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The application of the voting thought of integrating multiple classifiers
in the classification of ground objects

FENG Gang, MA Yunlong, WANG Yu

(Power China Guiyang Engineering Corporation Limited, Guiyang 550081, China)

Abstract: In order to explore the feasibility of the idea of voting in the classification of ground objects, the longhu Park in
Zhengzhou and its surrounding areas are taken as the research area, and the results of 8 classifiers are selected for simple and
weighted voting under two scenarios. Finally, the accuracy of all the classification results is calculated and analyzed. The results
show that the accuracy of the four results is higher than that of the eight simple ones, with the Support Vector Machine and Random
Forests performing best, the overall classification accuracy exceeded 80% and Kappa coefficient exceeded 0. 7, and the accuracy
improvement of weighted voting can be improved to about 85% on the basis of the original classification results, but the accuracy
improvement of simple voting is very limited. It is proved that the method of weighted voting can improve the precision of the model
to a certain extent, and can be applied to the classification of ground features.
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Fig. 1 Two types of scenarios in which voting ideas are applied
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Fig. 2 Classification results of classifiers
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Table 1 Classification accuracy of different classifiers
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Fig. 3 The results of the four types of voting classification
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Table 2 Accuracy of voting classification results

B SIS BRI ANEEE/ % Kappa FREX

A AR S Al 82.8 0.750 2
A2 84.8 0.777 7

e Bl 85.6 0.782 0
B2 85.2 0.776 8

2.2 it

e, EE A J LR 2 2545, CART PR3ERT
PRZE 28 BEALARAR RN S 0] S HLIX 4 Fh 43 S 2548
T TR IR EE T LAIE F RS B 2Rk IE
PRGBS, SR JLAME G B L BTk
4 Fh o A AL ) 16 Mo 3 2 1 FH P 3
HHT A 4SS 0A 0 | 3t A T e B 1 Bl 2 ST R
(AR %o 38 SR A ) 2 AU ) B AN (L

HWR, N A W R4 S AR 2 4 By



202 oo ®m M5 M OH

ERRES

Jeoh ARG FE Y = TR T 8 Fh 2R B, e A4
SRR AL AL AR T 8 R AR AR 3 28 Ah
T AEAFG T oS B A v B BEATL AR AR 75, AL 1Y
KEREAAR T T A BRI 0. 8% , i 75 S B3RS 8 #1% 1Y
AT/ R GRS | T AR T RS L T
A2 1) Kappa ZEGEE] T 0.782 0, %R i s Ak 432
KEE 84, 8% ,AHXT A1 $2F+ T 2%, i BH BRI 2
—ERRNCEE S SRR R R R
BAR T RE S X A EE R AR R

IR S 2 Fh o 245 R BE R 3 T 85% , H
XA S R FE#R A 8] T o — 1427, BL Y
SRSy NG B 85. 6% , & BT A7 43 28 4 b e
1), B2 B AR SORS R 85. 2%,

FERE R, AL B S g 8 T AR 5L, M
MO AR B R 2 1 A KRB R IR A
BT, P, AT A SE 38 45 5Ok F | A
AR LT B RE R (5 43 RS B T A AR 45 A 43 5l 4
IR S RS B T B R AT AR SR R AR B
A2 Bl Fl B2 (Y ZEAE BR8N 1 85% /it .

e, T BRI B S, BAR ARSI A RS
BRSO 5 52 JEARU T DL AR JEAT 432845 B () Sl
AR T KGR B 2 A SR 4 Fharak
SERIIAREIR R BT IROR , W R U —
HLBIRGTT, 8 S 58RI KR 43 B0 A8 4 o 4
PR ) A e BT i), 1T B ] T 8 SR RO
o B B — R LR R A IR R R AR
ARSEIPERE R MRS T SR Bt — 20 R R R A (4
AR CUHLES2: 255 | BURF RN 7 280

3 HRIE

PZRIFFE LIS T Je W 23 el A oext 42 4 1 B
LR B JE B0 sentinel -2A 5214, SC86% H 8 By
TP AR AR AT 0 A B IR P S AR ]
B 72071k b PR R i X L S 2
TEATH R AR B e h 25 G TN R
ADEHA DR R ) oy 2R E , EEEBINT .

(1)8 Fhsr25di h, CART PR 242 2% B
PUARMRFI S RE M ALK 4 Fpor 28 88 #0 R AL 6, 7]
2 H R 0 280K Herp SR B i 2 B AT LR AR
B BARSZEREBE N 82% , Kappa 20N 0. 74,

(2) WO 2RGS0 T, W T 552 AR 4 Fp
IR ZREE R 230 5 TR 8 AT BRI

(3) R T IIAARZE A 2 Fh oy 2S48 SRG B # s
T 85%, Kappa ZREIIRT 0.7, $4 2 AR N H 2]

gy2&h, nl DIAR G Hu 05T XA 7432

&% 3k

(1] #ho52E, HR+, BN, 55wt Bop o U oe ik e
[J]. #JEER,2016,20(2) :236-256.

[2] XN, EsFE, Tk, 5% BREGRS X A5 B
[J]. FBREE,2002,6(5) :357-363.

[3] EIsF&E. 7E GIS 3 M EGEAR 28 Hie SHIK AR5 [T].
G E,1995(1) . 7-14.

[4] ZEmirs, X3 KIS K55, M0 R S5 BB 2 M 48R 1) GF-6
WEV SSAREY 25 1], 8R4, 2021,25(2) :549-558.

[5] SHEAR, . T 2T RS 04 BZURERARM 1A
FH4r28: LI R YL AR X B [ ], O Al 244, 2016, 47
(10) :1807-1813.

[6] ZE, Bils, A, 5. FETHBIM K HERIEEEIEEA
4325017, T4k LA ,2020,50( 11) :911-916.

(7] BbRAR, 2=, BN, 55, BB Z 28 18 R I IBGE 1R 41
F i LT]. WA ,2016,41(9) :170-175.

[8] VL%, WA, T HHMEME NS5 5 BN 2855
F[I7. demEtplol RA#244] ,2019,41(9) :20-29.

[9] 3k7, HWAE, T8, 55, FETHEMLARMO iy TR Rtk 24
TEBRARBCS ST T]. AR RE,2023,32(4) 1 121-129.

[ 10X, XL, BhhE. SE3RE— S L8R XGBoost Fiik
PRV FVEHHE A28 [ 1], ML, 2023(12) 136141

[11]2252, SRR, HT BRI 00 SR ) B ALE B AR 428
[J]. VEHBHE R FHAARIERR) ,2020,34(5) :66-72.

[12]EBRA, ALZE, ki BERERE SN ERN R AR Y
RESCHT]. BHESH,2011,21.22-26.

[13] PERAKIS K, KYRIMIS K, KUNGOLOS A. Monitoring land
cover change detection with remote sensing methods in magnesia
prefecture in Greece[ J]. Fresenius Environmental Bulletin, 2000,
9(9) :659-666.

[14]ADEL S, RYUTARO T. Remote sensing and GIS for mapping
and monitoring land cover and land - use changes in the
Northwestern coastal zone of Egypt [ J]. Applied Geography,
2007, 27(1) .28-41.

[ 15]DWIVEDI R S, KANDRIKA S, RAMANA K V. Comparison of
classifiers of remote — sensing data for land — use/land — cover
mapping[ J]. Current Science, 2004, 86(2) :328-335.

[16] DEER P J, EKLUND P. A study of parameter values for a
Mahalanobis distance fuzzy classifier [ J ].
Systems, 2003, 137(2) :191-213.

(171215, Eaar, KRB, BRSO H AR E fIE CART
P S TTEAFGE[T]. ALY, 2022(8) 16-9.

[18 ] KAVZOGLU T, MATHER P M. The use of backpropagating
artificial neural networks in land cover classification[J]. International
Journal of Remote Sensing,2003,24(23) :4907-4938.

L1, X%, P&, 5. FET % -2 AL /Y ASTER 3
PGS ZEREFE LU R A e Jg il X R B [ 1], e
PF,2024,70( 1) :239-250.

(20488, PR, PREZ VK, %. £ T Sentinel - 1A B ik %45 Al
Sentinel-2A ZGIEEIRFHE LG M 43 26 [T, AT,
2021,40(2) :438-444.

[21]LINDEN S V D, RABE A, HELD M, et al. The EnMAP-Box—A
toolbox and application programming interface for EnMAP data
processing[J]. Remote Sensing, 2015, 7(9) :11249-11266.

[22] 3845k, ENVIGERIEGAL B )70: [ M. dbat: @ 5580 thw
#1,2014.

Fuzzy Sets and



