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Fig.2 Technology roadmap of maize lodging area
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Table 2 Relative difference statistics of texture features

AR 2 5 Relative difference

647 Index AR5 AR5k A AR 5 AR A5R B TR 55 B 5 KEMRASHE KR A HRBURB PREN 51152
Loding and not Loding and not Loding and Not lodging A and Not lodging A and not Not lodging B and
lodging A lodging B shadow shadow lodging B shadow
YJ{E Mean 1.1 0.34 220 1.63 1.06 2.03
Jj % Variance 1.02 1.47 223 1.95 2.70 291
Pk Homogeneity 0.31 0.77 4.13 3.91 0.77 5.72
%f ¥ Contrast 0.74 2.76 2.56 2.78 2.63 3.44
M5 Dissimilarity 0.37 1.25 2.06 2.15 1.20 2.64
{5 4 Entropy 0.11 0.19 1.10 1.08 0.21 1.24
ZFi ¥ Second moment 0.64 0.91 31.47 27.09 1.09 37.06
AHIPE Correlation 0.42 0.35 0.16 0.60 0.10 0.51
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Table 3 Classification error of 4 classes of typical crop morphology under different features

= m = 7 o T
Fizt{lilEre Sitgjét;ie Meaiffﬁfé\a/mz 2R Classification area/m’ EZZ%%
5K 2199.13 1049.65 5227
St Spectral %mﬁA 3554.55 2765.99 22.18
PN ELN:] 3489.51 2193.72 37.13
B35 569.72 1168.93 105.18
f5IR 2199.13 872.30 60.33
RAEIR A 3554.55 2700.27 24.03
NDVI \
KRB 3489.51 248822 28.69
{552 569.72 551.70 3.16
TEIEIN 2199.13 911.64 58.55
NDVI,, XﬁM}tA 3554.55 245881 30.83
o KRB 3489.51 2 416.66 30.74
9152 569.72 555.05 2.57
(KON 2199.13 1279.59 41.81
ARG HRAER A 3554.55 3 488.48 1.86
Single class texture PN 348951 2766.99 20.71
915% 569.72 624.66 9.64
EEON 2199.13 1986.28 9.68
EZe REIRA 3554.55 3460.19 2.65
Multi-class texture KRB 3489.51 3157.64 9.51
915 569.72 613.87 7.75
F4 FEFAET ERERERZRIRE
Table 4 Extraction error of maize lodging area under different features
FEAIE ST AR PRI % Kappa R3
Feature Measured area/m? Extraction area/m? Error/% Kappa coefficient
i Spectral 21611.91 24 433.40 13.06 0.33
NDVI 21 611.91 31 868.99 47.46 0.16
NDVIp 450 21 611.91 37263.2 72.42 0.14
BRLH Single class texture 21 611.91 14919.7 30.97 0.37
% K4 Multi-class texture 21 611.91 22 347.24 3.40 0.84
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Extraction of maize lodging area in mature period based
on UAV multispectral image

Zhang Xinle', Guan Haixiang', Liu Huanjun'?, Meng Xiangtian', Yang Haoxuan',
Ye Qiang',Yu Wei', Zhang Hansong"™
(1. School of Pubilc Adminstration and Law , Northeast Agricultural University , Harbin 150030, China,
2. Northeast Institute of Geography and Agroecology , Chinese Academy of Sciences , Changchun 130012, China)

Abstract: Lodging has been regard as one of the major destructive factors for crop quality and yield, resulting in an increas-
ing need to develop cost-efficient and accurate methods for detecting crop lodging in a routine manner. Nowadays, rapid
evolvement in unmanned aerial vehicle (UAV) and sensor technology has allowed high accurate and more accessible in
monitoring crop development and health status with adequate temporal, spatial, and spectral resolutions. Compared with sat-
ellite and airborne photogrammetry, UAV with proper sensors offer a flexible, convenient, and cost-effective way to provide
desired and customized observations on crop fields. Previous studies have extensively examined and verified the potential
of UAV-based lodging recognition by leveraging photogrammetric algorithms, geospatial computing analysis, as well as per-
tinent agricultural expertise. As a substantive extension of previous published proceeding papers, this work presents a com-
plete UAV-based survey methodology for monitoring lodging maize. Multispectral images of lodging mature maize in
Youyi farm of Heilongjiang Province were collected to extract the lodging area. There were 4 crop forms in the research ar-
ea: not-lodging maize with green leaves, not-lodging maize with yellowish leaves, lodging maize with yellowish leaves, and
black shadows, based on the multispectral image. The 2 vegetation indexes and 8 co-occurrence measures texture features
were calculated, and the feature sets of maize lodging area extraction was constructed on the basis of the above 2 kinds of
predictors and spectral reflectivity features. 5 types of maize lodging identification feature sets were sifted, which included
spectral feature set, normalized difference vegetation index (NDVI) feature set, red edge normalized difference vegetation
index (NDVIR-edge) feature set, single-class texture feature set and multi-class texture feature set. The maximum likeli-
hood method was used to identify maize lodging for all feature sets. Finally, we analyzed the classification error of 4 crop
morphology, extraction error and Kappa coefficient of lodging area under different features. The results showed that maize
lodging area extracted by spectral feature set and NDVI feature set was larger than measured lodging area, which mainly be-
cause the wrong classification of not-lodging B pixels into lodging pixels, while the main reason for the inaccurate maize
lodging area obtained by NDVIR-edge feature was that the not-lodging B maize and the not-lodging maize affected by edge
effect were classified into lodging. Extraction area of lodging maize by single texture feature set was smaller because some
of the not-lodging B maize pixels were classified as lodging pixels, but more lodging pixels was misclassified as not-lodg-
ing pixels. Single and multi-class texture feature sets could remove the shadow of blade gap well with appropriate texture
filtering window selected, but multi-class feature set had higher extraction accuracy. It was difficult to distinguish the lodg-
ing maize from the not-lodging maize with yellowish leaves in mature period, and there was no significant difference in
spectral reflectance feature between the 2 crop morphology. Therefore, when we identified these 2 types of crop morpholo-
gy, a large number of misclassification pixels would be generated. The multi-class texture features extracted from UAV mul-
tispectral images could accurately extract maize lodging area. The average error of 4 crop morphology was 9.82%, the ex-
traction error of lodging area was 3.40%, and the Kappa coefficient was 0.84.

Keywords: UAV; crops; multispectral; lodging; feature combination; multi-texture features



