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Remote Sensing Identification for Seed Maize with Integrated
Migration Learning and Unsupervised Classification

CHANG Wangiu'?  YAO Yu'? XI Xiaojie'> LIU Zhe'? LI Shaoming'"
ZHANG Xiaodong'>  ZHAO Yuanyuan'~
(1. College of Land Science and Technology, China Agriculiural University, Beting 100193, China
2. Key Laboratory of Remote Sensing for Agri-hazards, Ministry of Agriculture and Rural Affairs, Beijing 100193, China)

Abstract; Crop classification studies generally focus on different types of crops, while there are fewer
studies on the fine classification of different cropping patterns of the same crop. Research on the spatial
distribution of seed production is essential to control the maize market, as private seed production and
concealment of acreage are occurring in the maize seed market. Seed maize and common maize are the
two modes of maize cultivation. Accurate identification of both and remote sensing mapping of the spatial
distribution of seed maize are essential for maize seed industry and food security. Traditional crop remote
sensing classification methods require a high number and distribution of samples, while visual
interpretation of crop samples is difficult. How to improve the utilization of collected samples and at the
same time reduce the dependence on samples in fine classification is a pressing issue nowadays. Based on
this, combining migration learning with unsupervised classification methods, firstly, using the idea of
transfer learning, Linze and Wuwei were used as the source domain, and the feature engineering in the
source domain was constructed, including 8 original spectral bands BLUE, GREEN, RED, EDGEI1,
EDGE2, EDGE3, NIR, SWIR, and 18 vegetation indices NDVI, EVI, RVI, GNDVI, TVI, DVI,
MSAVI, GCVI, RNDVI, NDRE, RRI1, RRI2, MSRRE, CLRE, IRECI, LSWI, GCI, SIPI. Then, the

features that best characterized the differences in canopy spectra between seed maize and common maize
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and that differed least between seed maize in different source domains were extracted. Finally, it was
used as prior knowledge in an unsupervised classification task in the target domain. The results showed
that the near-infrared primordial band exhibited the strongest advantage among the many features. By
comparing the classification accuracies of three time-series ranges, namely, before the removal of male
ears from the seed maize females, after the removal of male ears from the seed maize females, and during
the full-life span of maize growth, the NIR bands were best characterized after the removal of male ears
from the seed maize females, i. e., when the DOY was 125 ~ 210. In order to further extract the NIR
primary band information and enhance the performance of the features, the slope of the linear regression
equation in the NIR band of the seed maize female after removal of male ears was used as a feature, and
the K-means unsupervised method was used to classify the seed maize in the target domain of Shihezi and
Kuitun. After comparative experiments on two target domains in 2019 and 2020, this method mostly
showed different degrees of improvement over the K-means classification accuracies characterized by the
near-infrared primitive bands in the same time period. In the two target domains Shihezi and Kuitun seed
maize had F1 value of 74.35% and 64.97% in 2019 and 72. 50% and 75.69% in 2020, respectively.
This method effectively improved the utilization of samples by extracting prior knowledge and introducing
an unsupervised classifier. It provided ideas for feature enhancement of the primary band by extracting
the slope of the band regression as a feature, and provided a method for fine classification mapping of
crops in sample-free scenarios.

Key words: seed maize; remote sensing identification; feature engineering; K-means unsupervised
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Fig.5 Comparison of original spectral standard curves in the source domain
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Fig. 6 Comparison of vegetation index standard curves in source area
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Tab.2 Comparison of K-means clustering accuracy for 26 features in Linze

B BLUE GREEN RED EDGE1 EDGE2 EDGE3 NIR SWIR
OA/ % 42.22 42.57 41. 67 57. 84 46. 56 55.19 58.72 43.18
LERSE R 4 NDVI EVI RVI GNDVI TVI DVI MSAVI GCVI RNDVI
39 ~120 O0A/ % 41.10 40. 88 57.98 41.30 59. 14 41. 06 30. 85 36. 11 41.37
A B 8 B NDRE RRI1 RRI2 MSRRE CLRE IRECI LSWI GCI SIPI
OA/ % 40.22 36. 82 40. 04 48.07 36. 82 40.92 41. 47 36. 11 62.24
i Bt BLUE GREEN RED EDGE1 EDGE2 EDGE3 NIR SWIR
OA/ % 50. 81 62.26 50. 89 52.93 49.19 43.77 63.18 35.09
IR R NDVI EVI RVI GNDVI TVI DVI MSAVI GCVI RNDVI
oY 125 ~210 OA/ % 53.41 42.12 61.41 55.49 57.61 58.23 52.42 41. 49 54.88
FEL %+ B NDRE RRI1 RRI2 MSRRE CLRE IRECI LSWI GCI SIPI
OA/ % 45.61 41.37 52. 84 58.74 41. 37 45.77 53.03 41.49 51.54
Bt BLUE GREEN RED EDGE1 EDGE2 EDGE3 NIR SWIR
OA/ % 43.45 42.71 42.02 45.18 47.91 56.33 59.20 55.78
LERE R 4 NDVI EVI RVI GNDVI TVI DVI MSAVI GCVI RNDVI
35210 OA/ % 44. 85 57.31 57.31 41.57 42.92 58.25 56.29 57.78 44.85
A B 8 B NDRE RRII RRI2 MSRRE CLRE IRECI LSWI GCI SIPI
OA/ % 46. 12 36. 86 45.30 50.32 36. 86 46. 06 41.04 39.76 47.95
£3 BT 26 M45F K-means B EXT L
Tab.3 Comparison of K-means clustering accuracy for 26 features in Wuwei
Bt BLUE GREEN RED EDGE1 EDGE2 EDGE3 NIR SWIR
OA/ % 45.91 55.10 43.92 42.83 42.21 36. 82 34.20 43.38
LERIE R 4 NDVI EVI RVI GNDVI TVI DVI MSAVI GCVI RNDVI
35 ~120 OA/ % 45.37 45.22 46. 54 45.34 45.22 40. 29 42.17 45.37 46. 32
A B 8 B NDRE RRII RRI2 MSRRE CLRE IRECI LSWI GCI SIPI
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i Bt BLUE GREEN RED EDGE1 EDGE2 EDGE3 NIR SWIR
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LR R NDRE RRIT RRI2 MSRRE CLRE IRECI LSWI GCI SIPI
OA/ % 55.01 42.43 44.18 35.68 42.30 42.48 44.39 44.92 36. 00
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Fig. 8 Evaluation of classification accuracy of seeded maize
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Fig. 9 Results of identification of seed maize in target domain in 2019
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Fig. 10 Results of identification of seed maize intarget domain in 2020
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Tab.4 Year-by-year comparison of projected

area and statistical yearbook
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