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Abstract: [Objective] To obtain remote sensing image of sand sugar tangerine orchard by UAV, rapidly
extract the distribution position of fruit trees, and provide references for growth monitoring and yield prediction
of fruit trees. [Method] The visible light remote sensing images taken by drones were used as the research
object. Six visible light vegetation indexes of excess red index, excess green index, excess blue index, visible
band differential vegetation index, red-green ratio index and blue-green ratio index were calculated. We used the
double peak threshold method to select the threshold for fruit tree extraction. Based on the spectral index
identification, digital surface model was added as input variable of the identification model, and the comparative
test was conducted. [Result] Compared with using a single spectral index, the addition of digital surface model

improved the extraction accuracies of fruit tree and non fruit tree pixels. The total accuracies of six band fusions
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were all greater than 97%. The total accuracy of excess red index combined with digital surface model was the

highest (98.77%) with Kappa coefficient of 0.956 7, and the vegetation extraction accuracies were superior

to those of other five combinations of visible light vegetation indexes with digital surface model.

[ Conclusion] The combination of digital surface model with visible light vegetation index can excavate more

deeply the information contained in the remote sensing data, and provide a reference for the extraction of similar

tonal features in the image.

Key words: UAV remote sensing; fruit tree extraction; visible light vegetation index; digital surface model; object-

oriented method

DR U e XA B KR, /R AL
F oo AT ey Jo R ) AR B ORI ™ A K. O
TR AR B SCAE LA RO Rt R e, 5 2
XD BEAR B R S BEAT W o SRR [ P 70 b
A7 SR Xk 70 A RELARE 20 A 5 T DR 3R VA R A G
LA HE RO
T NHUEE R, F Ry, & 7 H %
i, SR LRI BN TR 77
TIETE AN 3, A5 7% SISk ) 288 2 M0 A 4
TR, W N Ah BT R ANLERGE B BOAR
AR e 5 AR R RS 2 A SR B3t AT T K&
TCo Xu FEF M T AHLT G AR AR BT LDt i
SEEIR, S TU AT EORH 3t 14 7T DL D' o i AR
L AR AN LA B A5 S s Choi 551 12 ] [ 52 32
T NHLERI 2 e v B8, S 79D b 1A A 4 48 Ao
M, Xt b o (88 7 FEL A i AT Al 5 s Zhang 251
GEit e s 21 9 R R] HLOG KA it B0 S TOK MR AE.
HRERIK AR 4 Fh b 478 o B2 2 18] (R 9K 2R, R BLAE A
PRI I ) 5 AR A A B AN — S A [, 56 7 PO A A

109°39"E 117°19'E
1 1

25°31'N A

20°13"N A

7 o PR TR Y B AN AR D s s T 46l T N
HUBRECR R X AT WG BRI R B S R e
T8 1 P IR R A, ol s i BE SR IO X AP (1
A

E R U S R AR R I TE A HLIRE R AT
G B A — T B LA AT WL A i A B
Befs o BREEBA M ECIERE, & B A 230
FREAM SRR . AHE T2 FIEANLEAR, 4565
() AIE ) e A TR 5 6 AT L OIG e l i A ARY,
XD W ARG SRR B SR BORS BE2E AT X B iy, DASIERAS
— R fR] L R A YD B RE R AR U K
To NHURE RRB AL Rl o (10 LA D R el SRR
IIESMIE e

1 MR575E%
1.1 T AWEEEIEAIIRE

WEFE I f A T AR 2 R Y 2 i R
(23°36'N, 112°68'E), #5235, T2,
EEVRRER ALK WRIGH AN 1 s

1 iXIEthiEER
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Table 1 Vegetation indexes based on visible spectrum

FEHE$8 % Vegetation index

#i£ 5" Equation £ X 7] Theory interval
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HEFEE Excess blue index
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Fig. 5 Elevation diagram of digital surface model
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Fig. 6 Calculation results of six visible light vegetation indexes
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Table 2 Statistics of six visible light vegetation indexes based on region of interest

N BB Fruit tree JEEE M Non fruit tree
FEBE TR 4L - —
. FIME i SEHME bRz
Vegetation index
Mean Standard deviation = Mean Standard deviation
HBLT 84T Excess red index —27.293 4 11.959 8 46.642 1 30.3839
HBSETE S Excess green index 1152307  25.8732 9.023 5 18.045 8
RS FEEL Excess blue index —-39.266 7 15.487 6 44257 4 28.460 9
AT DL B 72 R R A FiR 4L Visible band differential vegetation index  0.339 2 0.087 9 0.021 8 0.046 3
41 4% b 64 Red-green ratio index 0.5327 0.097 3 0.960 9 0.1196
15 2% L 6 50 Blue-green ratio index 0.466 5 0.104 1 0.960 5 0.130 6
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Fig. 7 Statistical histograms of six visible light vegetation indexes
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Table 3 Accuracy assessments of vegetation extraction for six visible light vegetation indexes

b i . e e
Vegetation index Threshold - Kappa coefficient
Fruit tree Non fruit tree Total

AR LI 640 Excess red index —1.886 99.78 90.63 95.18 0.903 6
HEZ%4R AL Excess green index 50.000 99.68 87.58 93.60 0.8720
B FE 4N Excess blue index —4.675 99.77 94.62 97.18 0.943 6
PP TR AL 0.133 99.98 88.28 94.10 0.8820
Visible band differential vegetation index

21 43 LL F5 %0 Red-green ratio index 0.724 99.84 89.25 94.52 0.890 4
i 2% LE R %L Blue-green ratio index 0.682 99.79 91.40 95.57 0.9114
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The green part indicates fruit tree, the gray part indicates non fruit tree
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Fig. 8 Vegetation extraction results of six visible light vegetation indexes
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Fig. 9 Extraction results of six visible light vegetation indexes combined with digital surface model
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Table4 Accuracy assessments of vegetation extraction for six visible vegetation indexes combined with digital

surface model

FEB R

¥%5 Z /% Accuracy Kappa % $1(K)

Vegetation index BH Fruit tree JER M Non fruit tree B Total Kappa coefficient

HEBZLHE 4 Excess red index 99.46 98.08 98.77 0.956 7
HH 4R 2 Excess green index 99.28 95.26 97.27 0.945 4
8 W F5 B Excess blue index 99.45 95.43 97.44 0.948 9

PRI TR 99.76 95.58 97.67 0.953 4
Visible band differential vegetation index
ZL4% Ei R £ Red-green ratio index 99.31 96.37 97.84 0.956 8
Wi gx L £ Blue-green ratio index 99.23 96.45 97.84 0.956 8
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