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Optimal phase and method for identifying pear trees in Guanzhong area

via remote sensing
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Abstract: [Objective] In the present study, 22 GF6- WFV images were used to explore the optimal
phase and method for identification of pear trees (including Dangshansu pear trees and Zaosu pear
trees) by remote sensing in Guanzhong area, in order to provide a method for monitoring of pear trees
using remote sensing. [Methods] Firstly, each image was preprocessed (including image space clip-
ping, image radiation calibration, image atmospheric radiation correction, image geometry correction,
image mean filtering, etc). Then, the identification efficiency of eight methods (including red edge pa-
rameter method, spectral distance method, image enhancement processing and analysis method, image
difference and ratio method, reflection spectrum and bands difference method, spectral indices and their
change analysis method, and optimal combination of identification methods) were tested based on the
region of interest (ROI) data of sample plots of 15 crops. The better methods and their corresponding ap-
plication phases were optimized. Finally, the identification accuracy and solidity of these methods and
their optimal combination were verified by using global images. [Results] (1) The best identification

phase to identify pear trees was the full flowering stage, and the identification accuracy at fruit ripening
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stage and other phases was not ideal. (2) The RGB component threshold method had strong identifica-
tion effect on pear trees in full blooming period (the RGB component threshold method refers to that
the images of each phase were processed by false color synthesis; then, the obtained false color synthe-
sis images were processed by the method of grayscale stretch, and the stretched results were stored as
24 bites RGB images; Finally, the differences of RGB component vales between pear trees sample pix-
els and those of non pear crops were compared and analyzed). The RGB component values of sample
pixels of pear trees and the other crops were of great differences when the extreme values of R, G and B
component of pear sample pixels were used as thresholds (i.e. R component=255, 0<G component<
161, 143<B component<255). It was found that there were relatively more misclassification pixels in
plum, cherry, kiwi and winter rape (the misclassification rates were 36.03%, 4.92%, 5.38% and 74.92%,
respectively), and the misclassification pixels were mainly concentrated in a few plots and were fewer
in the other 10 non pear crops (the misclassification rates<<4.92%) and scattered. The overall accuracy
(calculated according to the two categories of pear trees and non pear crops) was as high as 94.28%. (3)
The R, threshold method (R refers to the reflectance of the band with the central wavelength of 710 nm)
also had a strong identification effect on pear trees in full blooming period. Its identification accuracy
was higher than the common vegetation indices (such as R~ Ruzs, MSR e caee=(Rrs0~ Ras)/(R710+ Ruzs),
SRict-eaze= Ri30/Rr10, CLlied-caee=Rs30/Ra10~ 1, IRECI=(Rs30~Reso)/(R710/R730), NDVI=(Rs30~Reso)/(Rs30T Reeo), ND-
Vliet-caee=(R750~R710)/(R750TR710), MNDVieq-eaee=(R750~R710)/(R750+R710-2 %X Ryas), etc). The Ry of pear sample
pixels was higher than that of most non pear crop sample pixels. When the extreme values of R;;, of
pear tree sample pixels were used as the threshold (i.e. 0.234 0<<R,,<<0.264 1), it was found that there
were relatively more misclassification pixels of plum, peach, pomegranate, persimmon, apple and grape
(the misclassification rates were 21.45%, 74.97%, 25.22%, 39.84%, 9.64% and 100%, respectively),
and there were fewer misclassification pixels of the other eight non pear crops (the misclassification
rates were<<0.15%) and the overall accuracy was 79.78%. (4) It was impossible to distinguish pear trees
from plum trees only by using the image of pear trees in full blooming period, but using the threshold
value of the difference of red edge 1 band (R;i0..R710-mar) in the images of pear flowering and plum flow-
ering, pear and plum trees could be accurately distinguished. The value range and mean value of Ryip.qp—
Rii0-mar corresponding to plum sample pixels were 0.058 1-0.087 9 and 0.071 3, respectively; the value
range and mean value of Ry Riio.ma cOrresponding to pear sample pixels were 0.082 9-0.113 9 and
0.095 7, respectively. When taking the minimum value of Ry a~ R7io.mar Of pear sample pixels as the
threshold (i.e. Ryio.ap Ry10-ma=0.082 9), it was found that although the overall accuracy of this method
was not high it could reduce the misclassification rate of plum sample pixels to 6.81% (The misclassifi-
cation rates of plum sample pixels corresponding to other methods in this paper was=21.45%). (5)
There was certain complementary effect among the three threshold methods including RGB component,
Ri10 and Ryig.aR710-mar, and the decision tree constructed by their combination had the best identification
effect on pear trees, with a correct rate of pear trees of 92.91%, that of non-pear crops up to 97.53% and
the overall accuracy of 97.19%. [Conclusion] The decision tree based on the three threshold methods
(including RGB component, R and R Roio.ma) can identify pear trees by using images at blooming
period with a high accuracy in the study area.
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Table 1 The introduction of remote sensing images
BREA e GEy/ 2] BRI ESGEy/ ]

Remote sensing images Phenophaseperiod of pear tree

Remote sensing images Phenophase period of pear tree

GF1-WFV1-20200130 *
GF6-WFV-20200222
GF6-WFV -20200305
GF6-WFV-20200314
GF6-WFV-20200317
GF6-WFV -20190331*
GF6-WFV -20190404*
GF6-WFV-20200419
GF6-WFV-20200428
GF6-WFV -20200502
GF6-WFV -20200518

PRHRIA Dormancy stage

PRHRHA Dormancy stage

B 2£ 1 Germination stage

i 2f 1§ Germination stage

i 2f 1 Germination stage
UH1EH Initial flowering stage
AL H] Full flowering stage
WHEJG after flowers

411 Young fruit-bearing stage
411 Young fruit-bearing stage
411 Young fruit-bearing stage

GF6-WFV-20200603
GF6-WFV-20200624
GF6-WFV-20200702
GF6-WFV-20200707
GF6-WFV -20200825
GF6-WFV-20200902
GF6-WFV-20190927
GF6-WFV-20201017
GF6-WFV-20201021
GF6-WFV-20201106
GF6-WFV-20201230

RS2 KA Fruit expanding stage
RS2 KA Fruit expanding stage
RS2 KA Fruit expanding stage
RS2 K HA Fruit expanding stage
RS Fruit ripening stage
SR Fruit ripening stage
S SR Fruit ripening stage
SR Fruit picking stage
SR I Fruit picking stage
PRIRIA Dormancy stage

PRHRIA Dormancy stage

T Qi FR B A @F T RS IR AR

Note: (DSubstitute images with *; @The “fruit” in the Table refers to the crisp pear fruit.
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Table 2 Spectral indices

T8 % Index

Z~3( Formula

A —UAE B FE 20" Normalized difference vegetation index

145 U AH 1 48 40> Enhanced vegetation index

KAFHPUIE #5249 Atmospheric impedance vegetation index
LU AB AR B F6 %X Ratio vegetation index

ZAHAE Y FEEL Difference vegetation index

JINAFE B 45 4L Additive vegetation index

VR A I2 5 F5 % Mixed operation vegetation index

21103540 Red edge vegetation index

NDVI=(Rss~Reeo)/ (RssotReen)

EVI = 2.5%[ (Rss—Raeo)/(Razo+6xRss—7.5%Rugs+1)]
ARVI = [Rys~(2XRegRuss )]/ [Resrt (2X R Russ )]
DR/ R;

@1In(R)/In (R

(DR-R;

@1/R-1/R;

@1/In(RD-1/In (R

(DRH+R;

@RARAR,

BRA+R+RAR,

(DRgox(1/ R-1/R)

@ (R R)/R,

®R, /(RER)

@R+ R)/(RER,)

®(1/R1/RD/(1/R£L/ R,)

® [/In (R +1/In (R} [1/In (R £1/In (R,)]
(O NDVIegesze =(Riso~Ri10)/(Ros+Roio)

@ MNDVILuegge =(Riso~Ri10)/(RysgtR710-2 X Runs )
B MSRieeaee =(Ros~Ruzs )/ (Ryig+Runs)

@ IRECI =(RyyReeo)/ (Roio/Roso)

® CLycwetg=Reso/ Ryig—1

©SR eietee= Risa/Roio (K or Reso/ Ryso)

7 : 0830660485 5 ivj-tz, B gl B rR O, F LSRR R BE s @24 A s RIS 5 14, t27.
Note: (D830, 660, 485 and i, j, t, z all refer to the central wavelength of the band, which represents the corresponding band; @ When the two values

in the formula were subtracted, i # j, t # z.
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PRI LA™ FE ) ~ 2 R 73 A 5 2 T 3 i S8 PRl 4R 4 i
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AAZTT 73 HITE b4 b3 b2 P BL - IRAE X BOR B (R
BEAT I 277 73 BEAR PR BT IR B 45 2R L) 24 47 RGB
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WP ipin il NEAR UL DA RAR Y 2= ST I E S VYN
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2 HR550
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2.1.1 BHEELHRB%R K E 4G 6 RGB 52 K
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W SRR EYIP AT TR, R IRD Sk 94.28%.

FERE T Hodl R I, 25 56 A 1 R AL R AR5
TG5> HIAE b4 b3 b2 U BL E 1 I S AR AR KB



TRAR DG, &8+ 5% rb it [X B3 R IR (0 e (I 4 5 7 8%

1495

#3 X GF6-WFV-20190404 1R b4.b3 5 b2 3 5 53 5II5R FA Y 7% B R 18 ER 35
Table 3 Gray scale stretching functions used for b4, b3 and b2 bands of GF6-WFV-20190404 image

b4 F {1 B8 %
Stretching function of b4

b3 Fi e o KL
Stretching function of b3

b2 F R %
Stretching function of b2

(1) 2if Rsi<0.246 7
R % R component=0;
(2)24if 0.246 7<<R:<<0.260 0
R4} R component=
19 172.93xRy04 729.96;
(3)4if Rs2=0.260 0
R4} R component=255

(DXif Rw=<0.2159

G 43 G component=0;
(2)24if 0.215 9<Rex<<0.248 1
G %3 G component=

7 919.26xRe~1 709.76;
(3)24if Rev=0.248 1

G %35 G component=255

(D2if Rss<0.172 3

B %3 B component=0;
(2)1if0.172 3<Rs5<<0.196 5
B4} fit B component=

10 537.19%Rsss—1 815.56;
(3)Hif Rss=0.196 5

B4} B component=255

x4 BMEOHERBRSGTHEURERG T EE RGB 78

HItR{EFNI{E

Table 4 Number of sample plots and sample pixels of various crops and extreme values and mean values of RGB

components corresponding to sample pixels

1 S 1405 R ?}E }?component G?}E F}component B ?}E ]?com;/)onent

Crops Number of plots Nurflber QI ONL AN (€N A2k QI ONL AN
of pixcels Max/Min/Mean) Max/Min/Mean) Max/Min/Mean)

ZLH Pear trees 67 1274 255/255/255 161/0/18.17 255/143/245.58

A4 Apricot trees 36 638 255/0/119 0/0/0 33/0/0.42

Z# Mulberry trees 29 501 255/0/143.32 0/0/0 60/0/15.80

SER Apple trees 42 726 255/0/65.08 76/0/4.39 255/24/146.31

ZEH Plum trees 31 494 255/0/112.14 77/0/3.26 255/40/178.15

Hli# Persimmon trees 28 522 255/0/148.75 228/17/136.61 255/207/240.75

11 Pomegranate trees 33 608 149/0/10.57 235/0/50.53 255/45/161.32

Bb# Peach trees 48 835 255/0/84.42 255/87/179.06 255/182/240.73

P&k Cherry trees 40 773 255/0/123.69 0/0/0 198/2/119.54

¥ Bk Walnut trees 20 697 27/0/9.59 0/0/0 244/199/211.67

%] Grape trees 54 1653 52/0/13.63 255/205/240.44 255/255/255

BRI Bk Kiwifruit trees 56 1449 255/0/184.62 2/0/0.03 220/0/77.39

& /N Winter wheat 35 1632 255/255/255 0/0/0 0/0/0

ZJH3E Winter rape 24 662 255/232/252.43 0/0/0 253/63/163.61

K7# Garlic 30 1486 255/255/255 0/0/0 0/0/0

£rit Total 573 13950

RS5 DABREREITTH RGB 5 EFHRE R EEH]

ARMIEMRAGTHES RS BHBE

Table 5 Taking the extreme values of RGB components and so on of pear sample pixels as the threshold respectively, the

misclassification rate and overall accuracy of various crop sample pixels were identified %
{E¥) Crops RGB Riio RiicRass MSR i ctee IRECI NDVI NDV@6iere ~ MNDVgae
ZUH Pear trees 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B Apricot trees 0.00 0.00 0.62 25.23 52.82 49.37 52.35 38.71
ZH Mulberry trees 0.00 0.00 0.00 100.00 64.27 64.27 4291 7.18
3L Apple trees 1.10 9.64 4.96 66.25 65.29 67.35 96.00 97.96
ZEH Plum trees 36.03 21.45 21.86 4534 47.98 54.25 65.18 71.25
Ji 1} Persimmon trees 0.00 39.84 59.96 59.96 59.96 19.92 69.99 69.92
i1 Pomegranate trees 0.00 25.22 45.89 0.80 0.00 0.00 0.90 0.00
Bk} Peach trees 0.00 74.97 90.50 16.28 0.00 0.00 0.00 0.00
PEHk Cherry trees 4.92 0.51 1.42 92.36 93.40 95.73 97.15 89.52
1k Walnut trees 0.00 0.00 0.00 0.00 71.44 85.65 100.00 100.00
#i %] Grape trees 0.00 100.00 100.00 0.00 0.00 0.00 0.00 0.00
BRI RE Kiwi fruit trees 5.38 0.00 5.45 100.00 97.79 98.89 81.50 59.76
%/N3Z Winter wheat 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2H2E Winter rape 74.92 0.00 0.00 74.92 31.26 31.26 6.19 0.00
K7k Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SR FE Overall accuracy 94.28 79.78 76.81 67.89 67.55 67.92 66.96 71.62
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Table 6 Extreme values and mean value of R, corresponding to the sample pixels of each crop

=7 At AR FH SR ZHf il B K
Crops Pear trees  Apricot trees  Mulberry trees Apple trees Plum trees Pomegranate trees Peach trees Garlic
W KAH Max 0.264 1 0.2155 0.208 7 0.242°5 0.2557 0.258 4 0.274 1 0.1825
/ME Min 0.234 0 0.185 4 0.194 9 0.208 3 0.210 1 0.2129 0.234 7 0.178 6
YJ{E Mean 0.246 0 0.198 5 0.202 3 0.223 1 0.228 3 0.230 7 02511 0.180 4
1E%) PRk bk Gk Bk KUY 3 A T

Crops Cherry trees Walnut trees ~ Grape trees Kiwi fruit tree  Winter wheat Winter rape Persimmon trees

KA Max 0.2347 0.2270 0.260 8 0.2332 0.150 5 0.2229 0.2677

He/ME Min 02046 02194 0.246 3 0.196 9 0.128 6 0.201 7 0.228 1

¥J{H Mean 02218 02228 0.253 2 02138 0.1389 0.2125 0.249 2
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Fig.2 Plum and pear trees respectively corresponding

differences between bands with the same serial number
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Fig.3 The result diagram after classification by threshold

of R component
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Fig.5 The result diagram after classification by thresholds

of R,G and B components
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