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Abstract: Owing to factors such as climate change and human activities, ecological and environmental
problems of land desertification have emerged in many regions around the world, among which
the problem of land desertification in northwestern China is particularly serious. To grasp the trend
of land desertification and the degree of natural vegetation degradation in northwest China is a
basic prerequisite for managing the fragile ecological environment there. Visible light remote sensing
images taken by a UAV can monitor the vegetation cover in desert areas on a large scale and with
high time efficiency. However, as there are many low shrubs in desert areas, the shadows cast
by them are darker, and the traditional RGB color-space-based vegetation index is affected by the
shadow texture when extracting vegetation, so it is difficult to achieve high accuracy. For this reason,
this paper proposes the Lab color-space-based vegetation index L2AVI (L-a-a vegetation index) to
solve this problem. The EXG (excess green index), NGRDI (normalized green-red difference index),
VDVI (visible band difference vegetation index), MGRVI (modified green-red vegetation index),
and RGBVI (red-green-blue vegetation index) constructed based on RGB color space were used as
control experiments in the three selected study areas. The results show that, although the extraction
accuracies of the vegetation indices constructed based on RGB color space all reach more than 70%,
these vegetation indices are all affected by the shadow texture to different degrees, and there are many
problems of misdetection and omission. However, the accuracy of the L2ZAVI index can reach 99.20%,
99.73%, and 99.69%, respectively, avoiding the problem of omission due to vegetation shading and
having a high extraction accuracy. Therefore, the L2AVI index can provide technical support and a
decision basis for the protection and control of land desertification in northwest China.

Keywords: land desertification; UAV visible remote sensing imagery; vegetation index; shadow
texture; color space

1. Introduction

Northwest China, especially Inner Mongolia, has low vegetation coverage. Therefore,
the ecological problem of land desertification is particularly serious. To control the local
fragile ecological environment, it is necessary to master the trend of land desertification and
vegetation coverage, and the assessment of vegetation coverage has an important impact
on the production and life of local residents and the protection of ecosystems [1]. Owing
to the vast area and scarce vegetation in Inner Mongolia, different vegetation coverage
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assessment methods have different advantages, disadvantages, and application scopes [2],
and the selection of an extraction method with high accuracy is crucial [3].

As manual monitoring has many constraints in terms of time, area, and other issues, it
is impossible to carry out large-scale and time-efficient monitoring of desert grassland, so
remote sensing technology is widely used in the technical field of desert vegetation extrac-
tion, and there has been some progress. Among them, satellite remote sensing technology
is often applied to vegetation cover estimation and has a relatively mature theoretical
basis but, because of the low resolution of satellite remote sensing and other problems, the
extraction of desert vegetation cannot meet the accuracy requirements [4]. However, owing
to the advantages of high resolution, rich geometric texture information, high timeliness,
and low cost, UAV remote sensing technology effectively makes up for the shortcomings
of traditional satellite remote sensing, and has gradually become an important way to
monitor and extract vegetation information [5]. Therefore, remote sensing technology
has been applied to carry out more classification studies on plant communities, among
which UAV remote sensing is the main platform to extract desert vegetation information
by supervised classification methods and object-oriented classification methods [6]. More-
over, with the application and development of unmanned aerial vehicles (UAV) in the
field of remote sensing, the combination of UAV and remote sensing technology has been
widely used in forestry and resource survey vegetation extraction [7]. In recent years, light
and small UAVs have been widely used in all walks of life, and the application of UAV
technology to remote sensing has become a new development trend [8]. Among them,
constructing suitable vegetation indices in UAV visible light remote sensing images can
reflect the surface vegetation condition more simply and effectively and is one of the main
methods to extract vegetation information quickly from remote sensing images. Among
them, many scholars have proposed a series of vegetation indices based on the visible light
band using the characteristics of green vegetation in the visible light band [9]. For example,
Wang Meng et al. [10] and Niu Yaxiao et al. [11] combined UAV remote sensing data with
different threshold determination methods to classify the vegetation coverage of crops.
Li Bing et al. [12] and Wang Zhenkun et al. [13] used low-altitude remote sensing data
acquired by unmanned aerial vehicles to extract crop cover and quickly classify vegetation,
respectively. Stefan Puliti et al. [14] and Shi Bo et al. [15] applied UAV remote sensing
technology to large-scale forest investigations and achieved good results. However, the
accuracy of UAV visible light remote sensing images applied to desert vegetation extraction
will be affected by factors such as vegetation shading and light intensity. This paper is
dedicated to solving this problem.

The main research object of this paper is visible light remote sensing images captured
by UAVs. As the visible light true color sensors carried by UAVs have only three bands
of RGB [16], the strong reflection characteristics of vegetation in the near-infrared band
cannot be expressed. Among more than 150 vegetation index models [17] published in
the literature, this paper selects the EXG (excess green) index [18], the MGRVI (modified
green-red vegetation index) [19], the NGRDI (normalized green-red difference index) [20],
the RGBVI (red-green-blue vegetation index) [21], and the VDVI (visible-band difference
vegetation index) [22], all of which are constructed based on the RGB color space. Moreover,
the contrast between vegetation and non-vegetation areas of these visible light vegetation
indexes is obvious, and the vegetation information recognition effect is good, in which
the vegetation area is bright white and the non-vegetation area is dark gray. Through the
verification of many papers in related fields, the extraction accuracy can reach more than
75%, which has a certain reference value. Therefore, these vegetation indexes are selected
as the reference objects for our experiment.

As UAV images are required to extract and classify vegetation information in desert
areas, the influence of environmental factors in the desert on UAV images should be taken
into account [23]. To ensure the accuracy of supervised classification, the Compute ROI
Separability tool should be used to calculate the separation degree between any categories
when separating different ground objects. The separation degree is based on the Jeffries—
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Matusita distance and transition separation degree and is used to measure the separability
between different categories [24]. Its range is (0, 2). The greater the separation degree, the
better the discrimination ability. If the separation degree is greater than 1.8, it is qualified;
if it is greater than 1.9, it is accurate. Therefore, for each index model used as a reference
in our experiments, the separation degree between different ground objects reached more
than 1.9 during supervised classification. By analyzing the experimental results, it was
found that vegetation shadow, UAV flight height, light intensity, and other factors affect the
accuracy of vegetation extraction. In particular, vegetation shadows have a great impact on
extraction accuracy, which may lead to false detections or missing detections. In existing
studies, the application of the RGB color space in the RGB threshold method, the HSV (hue,
saturation, value) discrimination method, and the RGB decision tree method is only used
to calculate vegetation coverage from the perspective of color discrimination (especially
green pixels), and these methods have certain limitations due to the changes in lighting
environment [25]. Meanwhile, in image processing, color components other than green
also have different degrees of influence on vegetation coverage extraction [26]. To solve
this problem, a new method for vegetation extraction and shadow separation is proposed
in this paper. The method is a Lab color-space-based L2AVI index model in which the
L channel in the Lab color space can be used to calculate the brightness of light pixels in the
image, analyze the performance of shadows in the image, and avoid the interference of light
environment changes on vegetation extraction. As the chlorophyll content of vegetation
in desert areas is very small, the proportion of green components in the image can be
enhanced by the channel and the influence of other color components can be avoided.
Thus, the vegetation can be extracted and land desertification can be monitored with
high accuracy.

2. Study Area and Source of UAV Image Data
2.1. Study Area

The study area is located in the Inner Mongolia Autonomous Region. In this region, the
desert steppe is mainly distributed in northwest China [27] and is an important part of the
grassland in Inner Mongolia [28]. Located in this area are Bayannur (40°13'-42°28' north lat-
itude, 105°12/-109°53' east longitude), Ordos (37°35'—40°51’ north latitude, 106°42'-111°27’
east longitude), and Ulanqgab (40°10'—43°28 north latitude, 110°26'-114°49’ east longi-
tude) [29], and these three regions have a typical temperate continental climate with an
average annual temperature of approximately 9.3 °C. The study area has a wide expanse of
grassland plants, as well as meadows and swamp plants. Owing to the uneven distribution
of vegetation and the vast geographical area, it is difficult to conduct manual collection and
research [30]. The study area is shown in Figure 1.

2.2. Image Source

The visible remote sensing image data of this paper were taken by the aerial survey
UAV Dajiang Spirit 4 rtk. The shooting flight height was approximately 240 m and the
default speed was 7.9 m/s. The shooting mode selected was for timing shooting. After
completing the action, we returned, and the repetition rate was set to 65% and 40%. A
1 km x 1 km sample plot was flown according to the above task parameters. When the
flight altitude was 200 m, approximately 120-130 aerial photos were taken; when the flight
altitude was 300 m, approximately 60-70 aerial photos were taken.
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Figure 1. Study area.

3. Research Methods
3.1. L2AVI

Instead of using only the three colors channels of R, G, and B, in which the correlation
between channels is larger and it is difficult to quantitatively analyze the RGB color space,
the Lab color space was defined by the International Commission on Illumination (CIE) [31]
in 1976 as an approximation to uniform color spaces. The Lab color space is composed
of one lightness factor (L) and two chromaticity factors (2 and b). The value of L ranges
from 0 to 100; a changes from red to green and b changes from yellow to blue, with their
values ranging from —120 to 120 [32]. The Lab color space has a broader color expression
range [33]. Figure 2 shows the expression range of the Lab color space.

Red
+a"

Black

Figure 2. Lab color space model.
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Based on the above theory, this paper proposes a new vegetation extraction index, the

L2AVI model, based on the Lab color space. As the default storage mode of UAV visible
remote sensing images is the RGB color space mode, RGB space must be converted to
Lab space before the Lab space color image segmentation experiment can be conducted.
Because RGB space and Lab space belong to two completely different color systems,
which are device-related and device-independent, respectively, there is no direct linear
correspondence between them, so the conversion between them needs to be completed
by XYZ transition color space [34]. Through the index model, images are transformed
into L2AVI images. Through the extraction and analysis of the transformed images, the
high-precision, high-stability extraction of vegetation cover information in desert areas is
realized. The image transformation process of the L2ZAVI model is as follows:

)

@)

®)

Convert RGB space into XYZ space, and take X, Y, and Z components as input [35].
By adjusting the reference method, we find out the most suitable linear relationship
between RGB color space and XYZ color space, so that RGB color space is transformed
into XYZ color space. By enhancing the weight of the R and G color channels in
X-space, the weight of the G color channel in Y-space, and the weight of B-space in
Z-space, the XYZ color space model with the clearest color is formed. The formula is
shown in Equation (1).

X=049xR+031xG+02xB,
Y =0.177 x R+ 0.812 x G+ 0.011 x B, 1)
Z =10.01 x G+0.99 x B.

According to the calculation formula of CIE 1976 uniform color space laboratory,
the X, Y, and Z components are calculated, respectively, so that the XYZ space is
transformed into Lab color space to obtain the image in Lab format, and the formula
is shown in Formula (2).

2 =50[f (53 ) ~ F)]. @
f

Among them,
flx) = 7.787x + 0.138, x < 0.008856
o J/x ,x > 0.008856

The Lab color space contains three color channels, L, a, and b. The L channel is mainly
used to control and adjust the overall brightness value of the image, the a channel
includes colors from dark green to bright pink, and the b channel includes colors
from dark blue to yellow. Therefore, after obtaining the Lab color space image, the
L channel is enhanced to increase the luminance value, and a channel is copied to
show the double a channel, thus enhancing the display of the green color compo-
nent. By separating and deleting the b channel, the effect of the yellow color compo-
nent is reduced, so that the final Laa image is obtained. The range of L lightness is
(0, 100) [36], and the range of the 2 component is (—128, +127) [37]. The Laa image can
adjust the tone curve of the L and a channels, respectively. First, the midpoint of the
tone curve of the L channel is taken as a fixed point. Next, for the part whose input
value is less than the midpoint, the output value is raised. For the parts whose input
value is greater than the midpoint, the output value is lowered. Then, the midpoint
of the tone curve of the a channel for a fixed point is taken, and the output value for
the part whose input value is less than the midpoint is lowered. For the part whose
input value is greater than the midpoint, the output value is increased. Adjusting
the appropriate tone curve can make vegetation, vegetation shadow, and land color
difference appear more distinct. Finally, tone separation and false color enhancement
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are carried out on the Laa images, and L2AVI images with obvious vegetation color
characteristics are finally obtained. The specific image transformation process based
on the L2AVI model is shown in Figure 3.
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Figure 3. Image transformation flow chart.

3.2. L2AVI Threshold Selection Method

Based on the L2AVI image, the range of L lightness is (0, 100); the range of the
a component is (—128, +127); the optimal threshold of the L channel and the a channel is
set; and the image is classified into vegetation, shadow, and other ground objects. In the
Lab color space, the low-value part of the 2 component is represented in green and the
high-value part is represented in red. Threshold T1 and threshold T2 are selected at the
position of the double peaks of the image, respectively. The value less than threshold T1
is set as the green pixel and the value greater than threshold T2 is set as the red pixel. As
the vicinity of the intermediate threshold is represented by a black-and-white gray level,
the value of T1 should be less than the intermediate value to remove interference. As most
processed vegetation index images do not have bimodal characteristics, the determination
of any threshold value has either clear or dark assumptions, and the best results cannot
be achieved under any condition [38]. The selection of the threshold is affected by many
factors, and the threshold methods, such as the histogram bimodal method, are not fully
applicable to all images.

Therefore, according to the actual situation in different study areas, this paper selects a
comparatively ideal threshold relative to the original image to distinguish vegetation from
non-vegetation and extract the coverage rate. In this process, it is necessary to manually
determine the threshold for repeated adjustment experiments, to maximize the distinction
between vegetation and other feature types, and to obtain the best segmentation effect. For
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different vegetation indices after different attempts of experiments, the thresholds were
stable in a certain range: the EXG vegetation index threshold was stable around 1.9, the
NGRDI vegetation index threshold was stable in the range of (5, 10), the VDVI vegetation
index threshold was stable around 3.6, the RGBVI vegetation index threshold was stable
in the range of (2, 10), and the LAVI vegetation index threshold was stable in the range
of (0, 10).

Based on the L2AVI model in this paper, the effect pictures of the three quadrats
extracted are shown in Figure 4.

Figure 4. L2AVI index model of the sample region: (a) Ordos; (b) Ulangab; and (c) Bayannur.

3.3. Vegetation Index Constructed Based on RGB Color Space

The vegetation index is based on the reflection and absorption characteristics of plants
to electromagnetic waves and uses the linear and nonlinear combination of RGB compo-
nents in visible light to describe the information of various vegetation [39]. At the same
time, the vegetation index is an important index for calculating vegetation coverage and ex-
pressing vegetation growth. In recent years, the field of remote sensing has often been used
in monitoring vegetation coverage of desertification and vegetation extraction [40-42], and
hundreds of different vegetation indices have been constructed according to the differences
in different bands of remote sensing images [43—45], with relatively few vegetation indices
based on visible light bands [46]. The visible light vegetation index is listed in Table 1
below. Visible light images contain three channels, R, G, and B, so relatively few functions
can be constructed. It is a common index method for extracting vegetation information in
traditional RGB images. In this paper, the following five spatial index models based on
RGB were used to extract and classify vegetation in the sample areas, so as to conduct a
comparative experimental analysis with the proposed L2AVI model.
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Table 1. Calculation formula of RGB spatial vegetation index.

Index Formula
EXG (Excess green index) 2xG—-R-B
NGRDI (Normalized green-red difference index) (G—R)/(G+R)
MGRVI (Modified green-red vegetation index) (G2 —=R2)/(G2+ R"2)
VDVI (Visible-band difference vegetation index) 2xG—-R—-B)/2xG+R+B)
RGBVI (Red-green-blue vegetation index) (B+R)/(2 x G)

4. Experiment and Analysis
4.1. Methods of the Process

As it is difficult to obtain a true value of vegetation coverage, to evaluate the effec-
tiveness of the vegetation coverage extraction method, the image vectorization result is
considered the true value. In this paper, representative local samples were selected for
pixel-by-pixel statistics. To avoid accidental errors, the statistical results were averaged by
multi-person calculation. The accurate vegetation coverage rate obtained was taken as the
evaluation standard, and the separation degree was required to be above 1.9 to maintain
high accuracy. After the image was processed by the vegetation index of three color spaces,
the resulting image was extracted by supervised classification and the threshold method,
and the difference in coverage rate and evaluation standard obtained by different vegeta-
tion indices was compared. Finally, the advantages and disadvantages of the vegetation
index were evaluated according to the comparison results, as shown in Figure 5.

UAV visible light

image

Select quadrat

Quadrat
image | S

RGB image Lab image

Build Function

stren?then sepai rate

supervised

classification L2AV index

comparative
analysis

Calculation of vegetation
coverage

Vegetation coverage of Coverage of each index
sample plot planting model

Accuracy
verification

Figure 5. Experimental flow chart.
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Exponential
model

EXG

NGRDI

VDVI

MGRVI

4.2. Index Model Construction

After selecting quadrats through the experimental process, the optical images taken
by the UAV were classified using RGB images and Lab images, and the exponential model
was constructed for RGB images according to the formula in Table 1. Next, the L, 4, and
b channels were separated from the Lab images. By strengthening the a channel and the
L channel, the b channel was separated to construct an L channel image model, an a channel
image model, and an L2AVI model. The specific model construction is shown in Figure 6.

Ulanqab Ordos Bayannur

Figure 6. Cont.
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RGBVI

XYZ space

L2AVI

Figure 6. Images of different index models.

4.3. Supervised Classification

In this paper, the EXG (excess green) index, MGRVI (modified green-red vegetation
index), VDVI (visible-band difference vegetation index), RGBVI (red-green-blue vegetation
index), NGRDI (normalized green-red difference index), and L2AVI vegetation index based
on Lab color space were selected for comparison. Figure 7 shows the comparison of the
results of the classification supervised by SVMs (support vector machines) [47] for these
eight planting indices (where green represents vegetation, yellow-brown represents the
bare ground, and violet-gray represents shadow).
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L2AVI

Figure 7. Results of supervised classification.

By comparing the results in Figure 8 to the relevant literature, it can be preliminarily
inferred that the accuracy of other indices is relatively low owing to the high flight alti-
tude or the lack of chlorophyll in desert vegetation. According to the research results of
Fu Shuai et al. [48], the optimal flight height for the EXG index and the NGRDI is 80-100 m,
while the experimental data flight height in this paper is 240 m, resulting in the low extrac-
tion accuracy of the two indices. The VDVI index model can maintain high accuracy in
vegetation extraction in Ulangab and Ordos. However, when extracting vegetation infor-
mation in the Bayannur area, the shade of low shrub vegetation is dark, so the vegetation
shadow cannot be divided, meaning that vegetation information cannot be extracted stably
and with high accuracy in areas with more and deeper vegetation shadows. When the
MGRVI extracts vegetation information in the Ordos, owing to the large shadow areas in
the Ordos research area, the shadow color in the images taken by the UAV is dark, which is
reflected in the MGRVI model, resulting in the high brightness of the shadow area, making
it difficult to divide the shadow and vegetation information, and having a great impact on
the accuracy. In summary, the exponential model built based on the RGB color space will
be affected by a large external environment, among which the vegetation shadow, lighting
condition, UAV flight height, and other factors will lead to large errors in the extracted
sample information. It is inferred that the brightness value of desert vegetation is lower
than that of other non-vegetation elements such as roads, which is an important theoretical
basis for distinguishing vegetation from non-vegetation using this index. However, because
the vegetation is covered by shadow, the brightness values of vegetation are similar to
those of other features and are affected by color overlap, making it difficult to distinguish
them using traditional vegetation information extraction methods. In contrast, the L2AVI
can adapt to higher flight altitudes and extract vegetation information stably and with high
accuracy in areas with insufficient light and more shadow.

Vegetation supervision classification

50.00%

40.00%

30.00%

20.00%

10.00% I I
0.00%

Original NGRDI VDVI MGRVI RGBVI L2AVI

mUlangab mOrdos mBayannur

Figure 8. Supervised classification of vegetation.
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4.4. Supervise Classification Result Statistics

In this paper, the ratio between the number of pixels and the total pixels of vegetation
after quadrat vectorization is used as the basis for evaluation. Supervised classification
is then performed on the images after vegetation index extraction to further distinguish
vegetation from land and shadow. Similarly, the ratio of the area of the extracted objects to
the area of the total quadrat is used to extract the ground object coverage of the index, with

the formula shown in Equation (3):
a

w; = — 3)

Ws

where w; is the coverage rate of the ground objects, w, represents the area of the ground
objects, and ws denotes the area of the total quadrat.

For desert areas with sparse vegetation, the appearance of the shadow is inevitable
during image acquisition owing to the large gap between the vegetation. Therefore, it is
very important to distinguish and extract shadows accurately for the analysis of vegetation
coverage and vegetation type. Through experiments, this paper found that L2AVI had
the highest ability to extract and distinguish vegetation shadows from most vegetation
indices. To analyze and verify the effect of L2AVI shadow extraction, we used pixel-by-pixel
quantitative analysis to obtain an accurate shadow coverage area. The vegetation coverage
results are shown in Table 2, shadow coverage is shown in Table 3, and land coverage is
shown in Table 4. The data in the chart are visualized to obtain Figures 8-10.

Table 2. Analysis of supervised classification of vegetation.

Index Ulanqab Ordos Bayannur
Original 43.17% 29.88% 29.84%
EXG 44.17% 24.21% 35.69%
NGRDI 43.33% 22.88% 36.00%
VDVI 44.17% 28.00% 38.00%
MGRVI 45.92% 22.54% 38.72%
RGBVI 43.67% 27.54% 37.18%
L2AVI 43.13% 29.98% 29.75%

Table 3. Analysis of shadow supervised classification results.

Index Ulanqab Ordos Bayannur
Original 16.71% 28.46% 10.62%
EXG 18.17% 28.63% 4.62%
NGRDI 17.72% 29.25% 3.54%
VDVI 15.92% 26.21% Unable to extract
MGRVI 20.00% 35.25% 3.13%
RGBVI 16.58% 27.21% 3.54%
L2AVI 16.72% 28.44% 10.43%

Table 4. Analysis of land supervised classification results.

Index Ulangab Ordos Bayannur
Original 40.13% 41.67% 59.85%
EXG 37.67% 47.17% 59.69%
NGRDI 38.86% 47.88% 60.46%
VDVI 39.92% 45.79% 62.00%
MGRVI 35.63% 42.21% 58.15%
RGBVI 39.75% 45.25% 59.28%

L2AVI 40.15% 41.58% 59.82%
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Shadow supervised classification

mUlangab mOrdos mBayannur

40.00%
35.00%
30.00%

25.00%
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10.00%
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Original NGRDI VDVI MGRVI RGBVI L2AVI

Figure 9. Shadow supervised classification.

Land supervision classification

Original NGRDI VDVI MGRVI  RGBVI L2AVI

70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

m Ulangab mOrdos mBayannur

Figure 10. Supervised classification on land.
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4.5. Analysis of Supervised Classification Results

To quantitatively analyze the accuracy of several index extraction methods, the follow-
ing error analysis formula in Equation (4) is used:
w =120l 000 @
wo
where w; is the vegetation coverage obtained by the vegetation extraction algorithm and wy
represents the vegetation coverage rate obtained using manual visual interpretation [49].
The range of separation degree between different ground objects is (0, 2) and the original
image is used as a control experiment for the accurate evaluation of other exponential
models. Therefore, the accuracy of the supervised classification of quadrat images should be
ensured. That is, to ensure accuracy wy , the separation degree between objects in quadrat
images should be kept higher than 1.9 [50] during supervised classification. At the same
time, to ensure the accuracy of the L2ZAVI model, the separation degree between objects
should be greater than 1.9. The object separation degree of the quadrat image is shown in
Table 5, the ground object separation degree of the L2ZAVI model is shown in Table 6, the
supervised classification error analysis result of each exponential model is shown in Table 7,
and the Kappa coefficient is shown in Table 8. The results of the supervised classification
error analysis and the Kappa coefficient data of supervised classification in the chart were
visualized to obtain Figures 11 and 12.

Table 5. Object separation degree of the quadrat image.

Degree of Class Separation Vegetation and Shadow and Land  Land and Vegetation

of Quadrat Shadow
Ulangab 1.90643 1.97201 1.98480
Bayannur 1.90984 1.90585 1.99444
Ordos 1.90378 1.99986 1.99998

Table 6. L2AVI model ground object separation degree.

Degree of Class Separation Vegetation and Shadow and Land  Land and Vegetation

in L2AVI Quadrat Shadow
Ulangab 1.99754 2.00000 2.00000
Bayannur 1.99886 2.00000 2.00000
Ordos 1.98908 1.99999 2.00000

Table 7. Results of supervised classification error analysis.

Index Ulanqgab Ordos Bayannur
EXG 86.21% 84.33% 86.21%
NGRDI 89.63% 76.29% 88.31%
VDVI 91.79% 83.04% 97.07%
MGRVI 87.75% 74.58% 86.21%
RGBVI 92.13% 83.04% 87.74%
L2AVI 99.20% 99.73% 99.69%

Table 8. Kappa coefficient of supervised classification.

Kappa Coefficient Ulanqab Ordos Bayannur
EXG 0.78030 0.75890 0.74090
NGRDI 0.83460 0.63470 0.77860
VDVI 0.86820 0.73950 0.93530
MGRVI 0.80620 0.61280 0.74180
RGBVI 0.87390 0.73980 0.76950

L2AVI 0.98700 0.99480 0.99450
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5. Conclusions

Through the comparison of supervised classification results statistics, supervised
classification results charts, and error analysis, the vegetation in the EXG vegetation index
is highlighted, which can ensure the extraction accuracy of lush vegetation areas. However,
owing to the large darkness of the shadow area, it is easy to encounter the problem of wrong
detection and missing detection in areas with sparse vegetation growth. It is difficult to
distinguish the vegetation shadow area and the sand area. Therefore, extracting vegetation
information in areas with more shadows will lead to large errors.

In the MGRVI model, the regional divide between the vegetation and the land is
clearer, and the light and dark details are good, so it is easier to obtain fine vegetation.
However, the shadow model will have a higher brightness, which will also affect the overall
precision of the division to a certain extent. For example, the shadow area in the Ordos
research area is large, and the shadow color in the image taken by the UAV is dark, which
is reflected in the MGRVI model. This results in the high brightness of the shadow model,
which has a great impact on the accuracy. Therefore, the MGRVI can achieve the expected
accuracy when collecting vegetation with less shadow. However, high-precision extraction
cannot be guaranteed in areas with more vegetation shadows.

Compared with other RGB color space index models, the RGBVI model can better
distinguish between shadow, land, and vegetation models, perfectly solving the method
error caused by vegetation shadow in the MGRVI model. In the model of land, shadow,
and vegetation, the color difference is larger, the contrast is more obvious, and the light
and dark details are clearer, which is more conducive to the extraction of vegetation and
the division of its features. However, the RGBVI is greatly affected by illumination, which
means that good illumination conditions and suitable UAV flying altitudes are required to
maintain the expected accuracy.

After supervised classification, it was found that the extraction effect of the NGRDI
model was relatively ordinary, and the accuracy in several models was mid-range. The
NGRDI had a certain effect in dividing the vegetation and vegetation shadow area, but it
was not as significant as that in the RGBVI, the VDVI, or the L2ZAVI model.

Although the VDVI model has an accuracy of 91.79% and 97.07% in the Ulanqab
area and the Ordos area, respectively, it is unable to classify the vegetation shadow
in the Bayannur area because of the dark shade of the low shrub vegetation, so the
vegetation information cannot be extracted stably in the areas with more and deeper
vegetation shadow.

Meanwhile, it was found in the study that the flight altitude of the UAV directly
determines the resolution of visible light images, i.e., the higher the flight altitude, the
lower the resolution, such as for the extraction of desert vegetation, which usually requires
the flight altitude to be controlled below 100 m. The flight speed of the drone is also the
key to the image quality—too fast easily leads to blurred images. The lower the overlap
rate, the better the stitching quality. The overlapping part should be minimized and the
impact area should cover the whole study area. In addition, because the UAV visible
images are based on RGB color space, the image information is controlled by only three
bands, and relatively few vegetation indices can be constructed. In the future development
trend of UAV, multispectral sensors can be used to increase the near-infrared band and
then be combined with the Lab color space. In this thesis, more vegetation indices can be
constructed to adapt to the extraction of vegetation information in different areas.

Through the control experiment, it can be concluded that the L2AVI proposed in this
paper reached the highest accuracy, with the VDVI also obtaining high accuracy in the
extraction of low plants or vegetation with less shadow. For the EXG, EGRDI, MGRVI, and
RGBVI indices, the extraction accuracy is relatively general, and they cannot distinguish
vegetation from non-vegetation. For the proposed L2AVI model, the index constructed
through the Lab color space can avoid the traditional index model based on the RGB color
space, which is unable to extract vegetation information stably and with high accuracy as a
result of vegetation shadow, UAV flight height, and illumination conditions. The L2AVI



Sustainability 2023, 15, 2954 18 of 20

model preserves the L channel, strengthens the a channel, and separates the b channel. It
can effectively and stably classify and extract three ground feature elements (vegetation
shadow, land, and vegetation information) in desert areas, and is not affected by the errors
caused by illumination conditions and UAV flying altitude. Therefore, it is more suitable
for the extraction of vegetation in desert areas.
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