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The Chinese Gaofen-3 (GF-3) synthetic aperture radar (SAR) satellite launched by the China Academy of Space Technology is
under continuous operating mode at C-band since September 2016. The main objective of this study was to present a preliminary
evaluation of GF-3 quad-polarized SAR imagery for protected wetland classification. Four scenes of GF-3 quad-polarized SAR
imageries were collected in this study and analyzed systematically. Besides, the GF-2 optical imagery and in situ survey results
were also collocated as reference data. It was verified that the polarized features including double bounce scattering component
𝑃𝑑𝑏𝑙 , odd bounce scattering component 𝑃𝑜𝑑𝑑 , and volume scattering component 𝑃V𝑜𝑙 from Freeman decomposition algorithm were
well applied in distinguishing typical coverage of Longbao protected plateau wetland. In consideration of robustness of classifier,
the method of Maximum Likelihood Classification was investigated for classification based on selected polarized features. The
Kappa coefficient and overall accuracy of classification mapping are 0.75 and 82.16%, respectively, which revealed that the GF-3
quad-polarized SAR can provide a satisfying mapping for classification of Longbao protected plateau wetland.

1. Introduction
Wetland, a multifunction ecosystem on the earth, plays a key
role in the human survival and environmental sustainable
development. Wetland has gradually become a headline
goal of ecosystem monitoring not only for evaluation of
resource development, but also for maintenance of regional
ecological environment [1–3]. For precise monitoring of
wetland, remote sensing technology has been widely accepted
by researchers with advantages of it being large-scale and
cost effective [4, 5]. In the past decades, significant capability of space-borne Synthetic Aperture Radar (SAR) sensor
toward wetland monitoring and observation in high spatial
resolution under all-weather conditions has been revealed.
Compared to single- or dual-polarized SAR, such as Canada
satellite Radarsat-2 and Japan satellite Alos-2, quad-polarized
SAR is occupied by more polarization status which can
provide more scattering details to meet the demand of fine
wetland monitoring [6–9]. Some studies revealed the capability of orbited quad-polarized SAR for wetland classification.

Gou et al. [10] proposed an unsupervised method based on a
three-channel joint sparse representation classification with
fully polarimetric SAR (PolSAR) data. The proposed method
utilized both texture and polarimetric feature information
extracted from the HH, HV, and VV channels of a SAR image.
Buono et al. [11] demonstrated the PolSAR capabilities to
classify coastal areas of The Yellow River delta (China) by
applying two well-known unsupervised classifiers, namely
the H/𝛼-based and the Freeman–Durden (FD) model-based
algorithms, to a fully polarimetric SAR scene collected by
using RADARSAT-2 in 2008. Recently, Chen et al. [12]
proposed a novel quad-polarized SAR image classification
method based on multilayer autoencoders and self-paced
learning. Wang et al. [13] proposed a new classification
scheme for mud and sand flats on intertidal flats by using FD
and Cloude–Pottier polarimetric decomposition.
Noteworthy, the C band multipolarization SAR Gaofen-3
(GF-3) satellite was launched into a polar sun-synchronous
orbit of 755 km altitude with a 26-day repeat cycle on 10
August 2016 [14, 15]. As the first Chinese civil operating
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Table 1: List of quad-polarized GF-3 SAR specifications.

Satellite
GF-3
GF-3
GF-3
GF-3

Scene ID
3377378
3741512
3842536
5714664

Acquisition Time (UTC)
2017-2-27
2017-6-6
2017-7-5
2018-11-3

SAR platform, it is significant to make a preliminary assessment for further application. Some preliminary analysis
was also undertaken recently. An et al. [16] used two GF3 SAR imageries to extract the coastlines of the regions
of Bohai and Taihu in China, respectively. Guo et al. [17]
investigated the capability of quad-polarized SAR for land
cover type classification using deep highway unit networks
model.
Although GF-3 SAR has been operational for a period of
time, only a few studies revealed its polarization capability.
The application performance of GF-3 polarimetric SAR data
still needs to be fully assessed. Besides, considering the
significant status of GF-3 SAR in Chinese development of
spaceborne SAR, it is urgent to perform capability evaluation
of GF-3 SAR for different observation scenes. The main
objective of this study was to demonstrate the potential
of GF-3 quad-polarized SAR and present a preliminary
quantitative result for wetland classification. To make an
interpretation of GF-3 SAR for wetland monitoring, besides
the normalized radar cross-section (NRCS) processing, the
known polarization decomposition algorithms of Freeman
and H/A/Alpha decomposition were further applied to four
scenes of GF-3 quad-polarized SAR imageries collected over
Longbao protected plateau wetland.

2. Study Area and Dataset
2.1. Study Area. Longbao protected plateau wetland (33.11–
33.27∘N, 96.39–96.69∘ E), located in Longbao town of Yushu
country, Qinghai province, is a typical protected plateau
wetland that is approximately 14 km long with a maximum
width of about 3.5 km (Figure 1). The maximum depth of
the wetland has been reported to be about 4 m; however,
most part of the wetland is generally much shallow. The entire
nature reserve is flanked by steep ridges that typically rise
up to 750 m above the valley floor. The wetland is fed by
groundwater, streams, precipitation, snowmelt, and it drains
into the Yi Chu River to the northwest, a short tributary of
the nearby Tongtian River.
2.2. Remote Sensing Data
2.2.1. GF-3 Quad-Polarized SAR Data. Four scenes of GF-3
quad-polarized SAR imageries were collected in this study.
The main specifications of GF-3 quad-polarized SAR used are
listed in Table 1. The imagery coverage of collected GF-3 SAR
is shown in Figure 1, together with Longbao protected plateau
wetland scope.

Pol
QPSI
QPSI
QPSI
QPSI

Resolution/m
8
8
8
8

Swaths/km
30
30
30
30

Figure 1: Imageries coverage of collected remote sensing data.
Blue squares represent the GF-3 quad-polarized SAR. Red square
represents the GF-2 optical imagery. Yellow square represents the
Longbao protected plateau wetland scope.

2.2.2. GF-2 Optical Data. A scene of GF-2 optical imagery
was collected in this study. The main specifications of GF2 optical imagery used herein are listed in Table 2. The
imagery coverage of collected GF-2 optical imagery is shown
in Figure 1, together with Longbao protected plateau wetland
scope.
2.2.3. In Situ Survey Data. An in situ survey for Longbao
protected plateau wetland was undertaken to acquire main
wetland types and ground distribution characteristics. The
in situ survey route is presented in Figure 2. Four types
of Longbao protected plateau wetland coverage including
alpine tundra, alpine meadow, swamp meadow, and lakes
were surveyed and pictured during the survey, as shown in
Figure 3.

3. Experiment and Results
3.1. Selection of Polarization Features. Prior to efficient detection of change in Longbao protected plateau wetland from
SAR imagery, the polarization features need to be derived
from the raw polarization scattering matrix [𝑆] according
to Table 3. Twelve polarization features were proposed for
statistical and comparative analysis, including three backscattering coefficients of 𝜎ℎℎ , 𝜎ℎV , and 𝜎VV ; scattering entropy
𝐻; scattering angle 𝛼; Anisotropy 𝐴, three eigenvalues of
𝑙1 , 𝑙2 , and 𝑙3 ; double bounce scattering component 𝑃𝑑𝑏𝑙 , odd
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Table 2: List of GF-2 optical specifications.

Satellite
GF-2

Scene ID
5819684

Acquisition Time (UTC)
2018-12-01

Mode
PMS

Resolution/m
4

Swaths/km
45

Table 3: The polarized features used in this study.
Polarized features
The Backscattering coefficient
Entropy
Scattering angle
Anisotropy
Double bounce scattering component
Odd bounce scattering component
Volume scattering component

Definition
0
𝜎ℎℎ

𝛼 = p1 𝛼1 + p2 𝛼2 + p3 𝛼3
A = (𝜆 2 − 𝜆 3 ) / (𝜆 2 + 𝜆 3 )
𝑃𝑑𝑏𝑙 = 𝑓𝑑𝑏𝑙 (1 + |𝛼|2 )
 2
𝑃𝑜𝑑𝑑 = 𝑓𝑜𝑑𝑑 (1 + 𝛽 )
𝑃V𝑜𝑙 = (8/3) 𝑓V𝑜𝑙

bounce scattering component 𝑃𝑜𝑑𝑑 , and volume scattering
component 𝑃V𝑜𝑙 .
Notably, the 𝑆ℎℎ , 𝑆ℎV , and 𝑆VV are the elements of Sinclair
matrix. 𝜆 i is the i-th eigenvalue of coherence matrix [𝑇].
𝛼i is derived from the i-th eigenvalue of coherence matrix
[𝑇]. 𝑓𝑑𝑏𝑙 , 𝑓𝑜𝑑𝑑 , and 𝑓V𝑜𝑙 are double bounce scattering, surface
scattering, and volume scattering coefficients, respectively.
𝛼 and 𝛽 are the processed variables used to describe the
relative advantages between different scattering mechanisms.
< > represents ensemble average, ∗ represents conjugate
operation, and Re denotes real part.
In order to precisely select the optimal polarization
feature or subset; radiometric calibration, geometric reprojection, and filtering de-noising operations were performed on raw SAR data. Besides, two polarization decomposition algorithms including Freeman decomposition and
H/A/Alpha decomposition were applied for collection of
polarization features, which are listed in Table 2. Noteworthy,
all polarization features were operated under same size of
de-noising window (3 × 3) and same coordinate system to
guarantee registration in unified scale. The RGB pseudo color
imageries are shown in Figure 4.
Quantitative analysis of each polarization feature was
also necessary for selection of optimal polarization feature
or subset. With the objective of discriminating four types
of wetland coverage, each feature listed in Table 2 was
investigated into change curves shown in Figure 5. Figure 5(a)
exhibits that the NRCS variations of HH, HV, and VV are
slightly obvious, but not enough for precisely differentiate
alpine tundra, alpine meadow, swamp meadow, and lakes.
For the abovementioned four types of coverages, the biggest
biases of NRCS are 2.64, 1.76, and 2.14 dB, respectively, for
HH, HV, and VV polarization. Moreover, the Freeman and
H/A/Alpha decomposition components were also proposed
in this section. Noteworthy, the decomposition components
were normalized by using (1) to keep all parameters in same
scale.
𝐹𝑖 =

𝐹i
3
∑i=1 𝐹𝑖

=
𝐻

0
0
⟨𝑆ℎℎ 𝑆∗ℎℎ ⟩, 𝜎VV
= ⟨𝑆VV 𝑆∗VV ⟩, 𝜎ℎV
= ⟨𝑆ℎV 𝑆∗ℎV ⟩
3
3
= ∑𝑖=1 −𝑝𝑖 log3 𝑝𝑖 (𝑝𝑖 = 𝜆 𝑖 / ∑𝑗=1 𝜆 𝑗 )

(1)

Notably, F𝑖 is the polarized features derived from Freeman
and H/A/Alpha decomposition.
Figure 5(b) demonstrates that the performance of 𝛼 can
well differentiate lake, swamp meadow, and alpine meadow;
but not alpine tundra and alpine meadow. The performance of
both H and 𝐴 shows similar curves for lake, swamp meadow,
alpine meadow, and alpine tundra, and the characteristic
of curves are not as clear as 𝛼. Figure 5(c) represents the
Freeman decomposition component. A sharp curve of 𝑃𝑑𝑏𝑙
represents the dominance of double scattering mechanism in
classifying the coverages of the Longbao protected plateau
wetland. Although small bias exists in the performance of
𝑃𝑜𝑑𝑑 and 𝑃V𝑜𝑙 , it is still satisfying enough to differentiate lake,
swamp meadow, alpine meadow, and alpine meadow with
either polarized feature. Considering the impact of polarized
features in Longbao protected plateau wetland mapping, it
was suggested to adopt the polarized features 𝑃𝑑𝑏𝑙 , 𝑃V𝑜𝑙 , and
𝑃V𝑜𝑙 from Freeman decomposition as main factors for further
classification input.
3.2. Maximum Likelihood Classiﬁcation. Herein, the selected
polarization parameters were measured for Longbao protected plateau wetland coverage type classification. In consideration of robustness of classifier, the method of Maximum
Likelihood Classification (MLC) is widely applied in polarized SAR classification [18, 19]. In this study, the MLC was
selected for classification evaluation.
The steps for selected polarization features for Longbao
plateau wetland classification performance are listed as follows:
(1) 80000 pixels are randomly selected as training input
of classifier, among which four typical Longbao protected
plateau wetland coverage includes alpine tundra, alpine
meadow, swamp meadow, and lakes.
(2) The selected pixels are input into classifier with each
tag of coverage type. The iteration process stops until the
specified pixel is classified into a certain types of alpine
tundra, alpine meadow, swamp meadow, and lakes.
(3) Another 80000 pixels are used for verification of
classification performance. Owing to absence of in situ survey
data, the high resolution GF-2 optical imageries are used
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Figure 2: The in situ survey route for Longbao protected plateau wetland.

alpine tundra

alpine meadow

swamp meadow

lakes

Figure 3: Types of Longbao protected plateau wetland coverage.

(a)

(b)

(c)

Figure 4: Pseudo colour imageries of raw polarization channel, Freeman decomposition and H/A/Alpha decomposition results. (a) R: 𝜎ℎℎ ,
G: 𝜎VV , B: 𝜎ℎV ; (b) R: 𝐻, G:𝐴, B: 𝛼; (c) R:𝑃𝑑𝑏𝑙 , G:𝑃𝑜𝑑𝑑 , B:𝑃V𝑜𝑙 .

as reference data. Moreover, the assessment index of Kappa
coefficient and average classification accuracy can be derived
from confusion matrix.
(4) Operations are repeated for all three scenes of GF3 SAR imageries. Based on the proposed Kappa coefficient
and average classification accuracy, the evaluation of GF-3
quad-polarized SAR imagery for Longbao protected plateau
wetland classification can be provided.
Following the abovementioned steps, the classification
mapping is shown in Figure 6. Brown area represents the
lakes. Yellow area represents the swamp meadow, which
distributes over the lakesides. Green area represents the
alpine meadow and blue area represents the alpine tundra.
For further evaluation of the classification performance, the
confusion matrix was derived and Kappa coefficient and
mapping accuracy are presented in Table 4. Clearly, the lake
(accuracy = 97.5%) is easily distinguished from other three
coverage types compared to the alpine tundra (accuracy =

91.66%). The accuracy of swamp meadow and alpine meadow
is 53.50 and 67.24%, respectively, which can be attributed
to the similar geometric structure of these two coverage
types. All in all, the overall accuracy is 82.1592% and kappa
coefficient is 0.7517.

4. Discussion
Although the classification result of GF-3 quad-polarized
SAR imagery for Longbao protected plateau wetland provides
satisfying evaluation, a lot more systematic explorations are
demanded in future study.
(1) Calibration Precision. According to the calibration formula
of equation (5), the NRCS of HH, HV, VV is -26.82, -38.03,
and -27.63 dB, respectively. However, the noise equivalent
sigma zero (NESZ) of RADARSAT-2 standard quad-pol data
is -32 dB. Considering the design parameters of GF-3 SAR,

5

NRCS /dB

Journal of Sensors

−24
−26
−28
−30
−32
−34
−36
−38
−40

lakes

swamp meadow alpine meadow alpine tundra
Types of Longbao wetland coverage

Ratio of normalized parameter

HH
HV
VV
0.34
0.32
0.3
0.28
0.26
0.24
0.22
0.2

lakes

swamp meadow alpine meadow alpine tundra
Types of Longbao wetland coverage

Ratio of normalized parameter

Entropy
Anisotropy
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Types of Longbao wetland coverage

Dbl
Odd
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Figure 5: Polarized features response curves for different types of Longbao protected plateau wetland coverage.

Table 4: Classification performance of Longbao protected plateau wetland in 2018-07-05.

Class
Lake
Lake
97.50
Swamp meadow
0.00
Alpine meadow
0.00
Alpine tundra
2.50
Total
100.00
Overall Accuracy = 82.1592%
Kappa Coefficient = 0.7517

Ground Truth (%)
Swamp meadow
Alpine meadow
0.00
0.00
53.50
3.06
23.74
67.24
22.76
29.70
100.00
100.00

Alpine tundra
0.03
0.28
8.03
91.66
100.00

Total
38.93
10.75
19.00
31.32
100.00
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96∘ 34 E

33∘ 10 N

33∘ 10 N

33∘ 11 N

33∘ 11 N

33∘ 14 N

33∘ 14 N

96∘ 30 E

96∘ 30 E
Lakes

96∘ 32 E
Swamp meadow

96∘ 34 E
Alpine meadow

Alpine tundra

Figure 6: Classification mapping of Longbao protected plateau wetland in 2018-07-05.

there is a need to discuss and re-adjust the calibration
accuracy of each polarization channel, in particular, for HV
channel.
(2) Absence of Geometric Parameter of Coverages Types.
Owing to the absence of geometric parameter of coverages
types, in particular, the plants height above ground or
water body, lake or swamp water level, and so on, only
quantitative classification accuracy of lake, swamp meadow,
alpine meadow, and alpine tundra are given. In future study, a
detailed in situ survey will be carried out for synchronization
acquisition of satellite-earth information. The difference of
polarized features for different coverage types will be related
to collected ground information. More polarized scattering
characteristics will be revealed in order to improve the classification performance of Longbao protected plateau wetland
with GF-3 quad-polarized SAR.

5. Conclusion
This study proposed a preliminary evaluation of GF-3 quadpolarized SAR imagery for Longbao protected plateau wetland classification. The main conclusions are as follows: The
imaging capability of GF-3 quad-polarized SAR for Longbao protected plateau wetland was assessed from collected
dataset. Beside NRCS, the Freeman and H/A/Alpha decomposition components were also investigated. Among all listed
polarized features, the double bounce scattering component
𝑃𝑑𝑏𝑙 , double bounce scattering component 𝑃𝑜𝑑𝑑 , and volume
scattering component 𝑃V𝑜𝑙 from Freeman decomposition
algorithm dominated in distinguishing typical coverage of
Longbao protected plateau wetland. Based on MLC, the
Kappa coefficient and average accuracy of Longbao protected
plateau wetland classification mapping were 0.75 and 82.16%,
respectively. It was thus verified that the GF-3 quad-polarized
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SAR can provide a satisfying mapping for wetland classification.
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