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Abstract: [Objective] It is of great significance in production and management of fruit industry to
quickly and accurately realize the planting information (i.e. planting region, planting area and planting
structure) of various fruit trees in large areas by using the remote sensing technology. The present paper
tries to find out the best phase and optimal method for identifying pomegranate trees by using monthly
GF1-WFV images collected in 2015, 2017 and 2018 (a total of 42 images),in order to provide a theoreti-
cal basis for the remote sensing monitoring of pomegranate trees in Guanzhong and other fruit growing
regions in China in the future.[Methods]Firstly, the images of each period were preprocessed (includ-
ing image space clipping, image radiation calibration, image atmospheric radiation correction, image ge-
ometry correction, image mean filtering, etc). Then, in order to find out the best identification phase and
method, the identification efficiencies of six methods (comparison of reflectance spectra of ground ob-
jects, bands difference or ratio analysis, analysis of spectral index identification, spectral index change

tracking, image compound and analysis of multi-indices combined use) were tested separately by using
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ROI (Region of Interest) data, and these data were collected from the sample plots of 13 main crops (in-
cluding pomegranate trees, grape vines, peach trees, cherry trees, mulberry trees, persimmon trees, apri-
cot trees, pear trees, apple trees, walnut trees, plum trees, star fruit trees, winter wheat or summer
maize). Finally, the identification efficiency of exploration results was verified in global image. [Re-
sults] (1) Because pomegranate trees were in the early stage of new shoot growth in mid- April, their
leaves were small and narrow, and their canopy coverage and leaf area index were both small, the pome-
granate trees had relatively low NDVI values during this period. The NDVI thresholds could be used to
distinguish pomegranate trees from other 9 types of fruit trees and wheat. However, NDVI thresholds
could not distinguish pomegranate trees from grape vines, peach trees, urban and rural green vegetation,
abandoned land with grass, young fruit trees, etc. (2) In mid-May, the pomegranate trees that were in
full bloom had a relatively high 1/Ry-1/Rs; value. Using 1/Ryi-1/Ry; thresholds, not only the pomegran-
ate trees could be distinguished from most other fruit tree species and wheat, but also urban and rural
green vegetation, abandoned land with grass, and young- fruit trees could be correctly identified and
largely eliminated. However, influenced by many unfavorable factors (For example, the complex combi-
nation of many ground objects, the existence of mixed pixels, the existence of the phenomenon that dif-
ferent ground objects have the same reflectance spectrum, the limited accuracy of image radiation cor-
rection, the lower spatial resolution of the used images, and the tendency of threshold setting), a few of
ground objects like fruit trees (such as apple trees, pear trees and so on) and non-fruit trees were con-
fused with pomegranate trees. If the NDVI threshold of this period was used, some non-pomegranate
tree features can be removed. (3) The accuracy of identifying pomegranate trees was more ideal when
the above two phase of images were compounded and triple thresholds of (1/Ryi-1/Re;3) mig-mayy NDVI miavay
and NDVI .. Were used. The correct recognition rate of pomegranate trees could reach 86.28%, and
the overall classification accuracy could reach 85.37%. (4) The best phase to identify pomegranate trees
from remote sensing images was in mid-May, followed by mid-April. Fruit maturity is not the best time
for identifying pomegranate trees. The reason for this is that there are not only pomegranate trees but al-
so apple and persimmon trees in the studying area with green leaves and red fruits. And it is difficult to
identify pomegranate trees due to the influence of leaf color transformation of some grape vines, kiwi
vines and apricot trees at this time. In other periods except the above period, the reflectance spectra of
pomegranate trees are not very different from those of other fruit trees, so it is difficult to distinguish
them.[Conclusion]When satellite remote sensing images were used to monitor and identify pomegran-
ate trees in Guanzhong fruit growing area, the remote sensing images in mid-April and mid-May (The
spatial resolution of these images should be less than or equal to 16 meters, the spectral resolution of
these images should be more than or equal to four bands, and these images have blue, green, red and
near infrared bands.) could be purchased. On the basis of radiometric calibration, atmospheric radiomet-
ric correction, geometric correction, registration and recombination of these images, the accuracy of
identifying pomegranate trees could be more ideal when the images of mid- April and mid-May were
compounded and triple thresholds of (1/Rei- 1/Re3) mid-vayy NDVI wigevtay and NDVI g st Were used. The
above results could be applied to other fruit production areas where crops planting structure and natural
environmental conditions are similar to the studying area. Based on these results, the monitoring period
should be brought forward or postponed and spectral index methods could be chosen when pomegran-
ate trees are monitored by using the remote sensing images of the fruit production areas with simple
planting structure and great difference in natural environment conditions from the studying area.
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Fig. 1 The research area location map
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Table 1 Details of the GF1-WFYV remote sensing images
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First set of images

Second set of images

Third set of images

Phenophase period of apricot tree

WEV1-2015-01-23
WEFV2-2015-02-13
WFV3-2015-03-14
WFV1-2014-04-07*
WEV4-2015-04-16
WFV2-2015-05-06
WEFV1-2015-05-18
WFV2-2014-06-08*
WEFV3-2015-07-19
WFV2-2015-08-29
WFV3-2015-09-06
WFV3-2015-10-01
WEV2-2015-11-27
WEV2-2015-12-01

WFV2-2017-01-02
WFV3-2017-02-12
WEV1-2017-03-08
WFV1-2017-04-01
WEV1-2017-04-14
WFV2-2017-05-01
WEFV2-2017-05-13
WEV1-2017-06-02
WEFV3-2017-07-10
WFV3-2016-08-28*
WEFV1-2017-09-12
WFV1-2016-10-03*
WEV4-2017-11-06
WEV1-2017-12-28

WFV1-2019-01-22*
WFV4-2018-02-25
WFV4-2019-03-09%
WEFV3-2018-04-02
WEFV1-2018-04-18
WFV3-2018-04-27*
WFV2-2018-05-13
WFV1-2018-06-14
WFV4-2018-07-18
WEFV1-2018-08-31
WFV2-2018-09-21
WFV4-2018-09-22*
WFV4-2018-11-22
WFV2-2018-12-12

PRHRHA Period of dormancy

PRHRH] Period of dormancy

PRIR Y Period of dormancy

A 2f }] Germination stage

B AE A2 K 1A Shoot growth period
2% 5 IF1EWI ] Budding and Early Blooming
FEAE ] Flowering stage

52Kk F # Fruit Development Period
H52 % F ¥ Fruit Development Period
52K A W Fruit Development Period
52K H W Fruit Development Period
RS2 B A Fruit maturity Period
V& 1A Leaf fall period

PRHR ] Period of dormancy

VE: A RN B . Note: Substitute image with™.
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Table 2 Spectral indices and their calculation formulas

i AT
Spectral indices Calculation formulas
1 NDVI = (Rus-Res)/( RostRuz)
2 EVI =2.5%[( Rot- Ris)/( Rost6 Rip-7.5 Ry t1)]
3 ARVI = [Ru~(2 Rus- Rut)}/ [Ret(2 Ris- Ror)]
4 RG =R/ R
5 BG= R/ Ry
6 CRI1 =1/ Re - 1/ Ri
7 CRI2 =1/ Ru-1/ Ry
8 ARI2 = Rux(1/ Ris-1/ Rn)
9 VI1=1/Ry-1/ Res
10 VI2=( R+ Re1)/ Riz
11 VI3=(Ru- R/ Rz
12 VI4= Ry+ Ryt Ry
13 VI5=(1/ Rii - 1/ Ry,)/NDVI
14 VI6=(1/ Ryi-1/ Ri3)/NDVI
15 VI7=( Roi+ Ryt Rys)/NDVI

TE: R IR 1 WIS

Note: Ry denote the reflectance of band i.
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A. Reflectance spectra of pomegranate trees at flowering stage; B. Reflectance spectra of pomegranate trees at fruit maturity stage.
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Fig. 2 Reflectance spectra of pomegranate trees at flowering and fruit maturity stages
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Table 3 NDVI Means in mid-April and 1/ R,-1/ R,; means in mid-May corresponding to 13 crops sample plots

VEW) 4 ) Mid-April 5 H 4] Mid-May

Crops 2015-04-16 2017-04-14 2018-04-18 2015-05-18 2017-05-13 2018-05-13
1 1% Pomegranate trees 0.214 0.272 0.234 4.167 6.357 5.106
%] Grape trees 0.177 0.205 0.178 3.570 4.443 4.005
BB Peach trees 0.225 0.288 0.252 3.585 4556 4.096
P21k Cherry trees 0.283 0.357 0.335 3.524 5.490 4.260
ZH Mulberry trees 0.436 0.435 0.411 3.356 3.983 3.296
liF Persimmon trees 0.323 0.399 0.384 3.152 3.863 3.496
B Apricot trees 0.401 0.506 0.435 3.874 5.526 4.105
ZLHY Pear trees 0.370 0.446 0.383 3.684 5.564 4254
5 Apple trees 0.406 0.490 0.354 3.371 4.994 3.630
%4k Walnut trees 0.376 0.455 0.372 3.541 3.934 3.621
25 Plum trees 0.377 0.417 0.341 3.601 5.342 4.110
BRERE Yangtao trees 0.242 0.327 0.284 3214 4211 3.824
% /N Wheat 0.698 0.758 0.611 3.380 4.862 3322
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Fig. 4 Identification result image using VI1s.;; threshold only
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