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Abstract Recently, color index and light detection and ranging (LiDAR) point cloud data have been extensively

used in agriculture and forestry remote sensing. However, they bring the characteristics of different objects in the
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same spectrum and data redundancy. Considering pitaya plants in the Karst Plateau Valley area as an example, the
method test area and accuracy verification area were set using UAV visible light images and image matching point
cloud data. By fusing the calculation results of four color indexes of visible band difference color index (VDVI), red
green blue color index (RGBVI), normalized green blue difference index (NGBDI), normalized green red difference
color index (NGRDI) and canopy height model (CHM) data, the identification rules of pitaya single plant that fuse
color index and spatial structure of point cloud data were developed for segmentation and extraction. The accuracy
evaluation data of real pitaya plant contour was established as a reference. The precision of fusion extraction of four
color indexes and point cloud data was compared with a single factor of color index or CHM segmentation. Then,
the optimal extraction scheme is selected to confirm the feasibility of the proposed method. The results are as
follows. The fusion method of the color index and spatial structure has higher extraction accuracy. The F measures
are =>91% , and the difference between the matching area and mean values of the real value is ~0. 1 m°. The VDV1I
index fusion results achieved the highest accuracy. The area value per plant was the closest to the true value; the root
mean square error (RMSE) was 0. 28 m”, and the area value data were concentrated. The F measure in the accuracy
verification area was 88.12% , and the RMSE was 0. 27 m*. The overall extraction effect of pitaya plants was good;
however, low shrubs could affect the accuracy of pitaya plants identification to certain extent. The proposed method
of fusion image spectral features and spatial structure of point cloud data can effectively enhance plant recognition
features. It has good adaptability for identifying pitaya plants in Karst mountains, which can provide a reference for
the extraction potential of a single pitaya plant in Karst mountains. .

Key words remote sensing; spatial structure characteristic; color index; canopy height model; image matching point

cloud; Karst mountain
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Fig 1 Location diagram of study area. (a) DEM of Huajiang demonstration area; (b) visible remote sensing image of study area
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Fig. 2 Method test area and profile of its point cloud data. (a) Visible remote sensing image; (b) image matching point cloud data;

(¢) point cloud data profile
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Table 1 Variation coefficient of reflection value in visible

light band of training sample area

Training Red light Green light Blue light
sample region band band band
Pitaya area 0.235 0.213 0.251
Weeds 0.191 0.154 0.189
Bare land 0. 100 0.122 0.138
Gravel ladder insuperior 0. 180 0.196 0.189
Constructions 0.126 0.122 0.107

#2 PBOREITREANX

Table 2 Calculation formula of vegetation indexs

Vegetation index Equation
VDVI (2XG—R—B)/(2XG+R+B)
NGBDI (G—=B)/(G+B)
NGRDI (G—=R)/(G+R)
RGBVI (GXR—RXB)/(GXG+RXB)
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Fig. 3 Schematic of extraction method of color index and CHM segmentation intersection fusion
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(e) missed inspection
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Fig. 6 Histograms of number of pixels with different color indices. (a) VDVT; (b) NGBDI; (¢) NGRDI; (d) RGBVI
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Fig. 7 Extraction results of vegetation index. (a) VDVT; (b) NGBDI; (¢) NGRDI; (d) RGBVI
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Table 3 Accuracy table of pitaya tree number extracted by each vegetation index unit: %
Segmentation type P, P. Sk Se L P R F
VDVI 59.38 34.06 0.00 6.56 0.00 59. 38 39.83 47.68
NGBDI 61.00 37.67 0.00 1.33 0.63 61.00 38.36 47.10
NGRDI 69.72 21.88 0.00 8.40 4.19 69.72 57.44 62.99
RGBVI 58.69 39.02 0.00 2.30 0.63 58.69 37.53 45.78
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ulow: 0

& AR CHM Jr 2 12 B IR 5 4 vk 1sf 19 G
BE VL HE R ALA 36.21% , MARKEEE R 40. 07 % , i &
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FEJFFA WAL 1) K RSB B SR, &
AH A T B 2 FAE — S 5 2) K T SR AR AR 2 1A o
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o high: 487.229

i low: 466.503

___ identify the pitaya area

F8 EuBEmiabs; . (a) DEM; (b) DSM; (¢) CHM; (d) CHM segmentation
Fig. 8 Preprocessing results of point cloud data. (a) DEM; (b) DSM; (¢) CHM; (d) CHM segmentation
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F 4 CHM 4y EK5 %

Table 4 Precision table of CHM segmentation unit: %
Parameter P, P. Se Sc L P R F
Value 36.21 39.42 2.37 22.00 1.05 36.21 44.86 40.07

T TR BE b O R A A A T B0 A IR 3 e
Nk E S A o B AR T T
K, [l — bk b Ty 9 e A 22 3k ORI it B L
BT EE R 22.00% , 32 B i TR S L 4
YR 3 M KR B I o U A S F A R SR
[vi] B A 5 6 6 1 B A L, 45/ DEM 5 DSML & )2
DA R I ol N T e S S R L
S R JCIE Y B e B 25, 5 3 CHML A 2 B 6 7k 1E
T 40 DT ALk o T O A

@

®)

@ §

3.4 BMEHGEHETEEHMNENER

12 FH B e 35 B vk $ U, JC 0k Bt 2% w0 R —
S 1 (6 8 B0 3T I R Bl X 3G B 0 | i A CHM
53 80 A5 2 BOHE N, I 7 3Rk G DR SRy 3 ok v A 8 i A ok
(R 25 o WO S 50 20 4 Y6 % R E RN A 2 B Y —
2t 23 )R AT AR 45 G L DAUIH B K Ak sl e 2 0 0 B 38 T
ORI RZ R o X Rl A B SRR AT A 2 S E) L 4
FANFE 9 BroR 4 HDRG BE a2k 5 s, Jorh VD VIR
BTG T E R 1 DX 1D 10 rhoRg BE XS HE X

K9 HEEIEES CHM 4HIE 4 #1455 . () VDVI_CHM; (b) NGBDI_CHM; (¢) NGRDI_CHM; (d) RGBVI_.CHM
Fig. 9 Segmentation results of fusion of each color index and CHM segmentation. (a) VDVI_CHM; (b) NGBDI_CHM;
(¢c) NGRDI_CHM; (d) RGBVI_CHM

5 ET CHM 2r #5450 (0 45 B & P2 IBORS 2 38

Table 5 Accuracy table of extraction based on CHM segmentation and fusion of four color indices unit: %
Segmentation type P, P. Se S L P R F
VDVI_CHM 94. 06 1.70 3.18 1.06 1.05 94. 06 92.87 93.46
NGBDI_CHM 93.05 2.95 2.74 1.26 1.05 93.05 92.66 92.86
NGRDI_CHM 93.60 1.77 2.21 2.43 6.92 93.60 88.89 91.18
RGBVI_CHM 92.26 3.35 1.26 3. 14 1.68 92.26 92.45 92.36
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(c) VDVI_CHM

K10 R el s i FR IS B — T 4R IS R X L T

Fig. 10 Comparison of extraction results between local fusion method and single factor extraction
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Z I8 o AHEE T CHM 4 45 5 50K 15 484G KR 1%
PETF H 22 S AN K, Kt R ) L 1S in 7E 56. 05 % ~
57.85% Z [l , # [\ 2 [\ [k 3% Jn 7E 44.03% ~
48.01% =[], F i B W) Lb 38 e 51. 11% ~53. 39 %
ZI] o G 2 RN P o — PR 3R R Bl SR A A R e
P, X EBE T 48 BRI A 2 RE AR A
A — B L B AT LA /D B 5 BT A ok 2% R
(52 ) [ B SCRT L 25 B A 25 B30 7 Jeg 3 aet s e 3
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Table 6 Comparison table of segmentation fusion results and

extraction accuracy of single factor unit: %

Increase in relative Increase relative to

Segmentation o .
vegetation index CHM segmentation
e P R F P R F
VDVI 34.68 53.04 45.78 57.85 48.01 53.39
NGBDI  32.05 54.30 45.75 56.84 47.80 52.78
NGRDI  23.88 31.45 28.19 57.39 44.03 51.11
RGBVI  33.57 54.93 46.58 56.05 47.59 52.28

3.5 ZEREAERNENEREESTHAERE
b RORS B T O NI bR ok e SR Ak A
WOKS BE 64T T PR 5 H T DRGSR AE — A 90 [ N
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T2 1D, A BLAT o — e, I 11 534 Rz R O B
SR, AU R G R 22, ok T BB Ok dm”,
4 TR A 4 IS R A B AL S L TD AR B, X DT
B BE AT G0, 5 SR an 3 7 fr R, 2o mean value
Z /~n ¥ {H , standard deviation & 78 #5 #E 22 , variance
R TT 22, skewness R JE , peakedness i & 2 7
U, True AREA 3278 B 32 K Jp 5 T2 3% 1 i #H
NGRDI_AREA % 7% NGRDI 3 {4 48 %% 5 CHM 43
Ffh A P2 By M M T AL, NGBDI_AREA % 7R
NGBDI i {5, 4 % 5 CHM 43 1 filt & 45 B4 A bk
i, RGBVI_AREA % /8 RGBVI Fi {4 15 % 5 CHM
o1 H) A 4R BCRY A PR AL, VDVI_AREA %R
VDVIZi 448 £ 5 CHM 43 % fil 4 4 B A8 1 AL
¢ 7 0, 5 NGRDI_CHM filt 4 $2 B 25 5L 1
LA AR BE /NS, At il A T 12 4 W B 3 {E
B A KL 10 dm’, H NGRDI_CHM f# 4 45
5 2 RV i 22 35 B0 0 b T 1k 25 0 K, 5080 D % 1 K
Hoad TR, i A 3 b il & 5 vk B8 BT FRE AR 1Y
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T LIS A R I AR T AU A Sk R A A
Table 7 Description and analysis of basic data of real value and area value extracted by fusion unit: dm”®
Parameter Mean value Standard deviation Variance Skewness Peakedness

True AREA 133.800 37.496 1405. 931 0. 645 0.893
VDVI_AREA 144.293 48. 244 2327.446 0.617 0.520
RGBVI_AREA 143.472 49. 844 2484.471 0.862 1.874
NGBDI_AREA 143.571 51.018 2602. 808 1.006 1.909
NGRDI_AREA 110. 841 55.569 3087.924 1.502 3.984

53 S8 PR T B, R 2 T8 A R /MR B TR 7 1 5

BE— 25 3 b A bR S HUAE R S St ARVE 2
(] 14 56 2, 1) 48 BB 5 S5 L 22 TR 10 A S it B8 A
Wi 22 S (0 K/ 25 A 11 TR, B ARl X AR 4R X
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Fig. 11 Box scatter diagram of four fusion results extraction and true value fitting degree
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Fig. 12  Extraction process diagram and segmentation results of accuracy verification area. (a) DEM; (b) CHM; (¢) VDVI;
(d) VDVI_CHM
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