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Abstract: This paper focuses on the study of a multi-frequency interferometric coherence character-
istics analysis of typical objects for coherent change detection. Coherent change detection utilizes
the phase difference between two or more SAR images to detect potential changes in the scene. It
makes a difference in civilian and military applications. However, the relationship between the co-
herence of typical objects and SAR frequency has not been fully studied, which restricts the quality
of the detection results. To address this problem, this paper conducts research on the relationship
between the coherence of typical objects and SAR frequency, and the coherence characteristics are
obtained through statistical analysis. In order to illustrate the relationship more clearly, the actual
experimental data obtained by the DVD-InSAR system developed by the Aerospace Information
Research Institute, Chinese Academy of Sciences, are utilized. The experimental results show that
the coherence characteristics of typical objects are different, and this finding can provide strong
support for developing change-detection applications.

Keywords: multi-frequency; synthetic aperture radar; coherence characteristics; coherent change
detection

1. Introduction

Synthetic aperture radar (SAR) has the characteristics of all-day, all-weather and
large-area mapping [1,2], and it has been widely used in many fields. Initially, the most
basic application of SAR was image formation, that is, to obtain SAR images of a certain
area. With the development of SAR technology, the application of SAR has been extended
to the field of target recognition [3,4], such as moving target detection [5,6], artificial target
detection, and small-scale change detection [7,8]. SAR is different from other sensors in that
it can acquire complex images that contain not only amplitude information but also phase
information. Extracting the difference in amplitude information of SAR images between
repeat-pass observations can detect large-scale changes in the scene [9], but it cannot work
on any small-scale changes. However, the phase information of the SAR image is very
sensitive to changes, so that it can well measure the changes in sub-wavelength level.
The phase difference of the target acquired by two or more repeat-pass observations can
thus be used to obtain these small-scale changes. This method adopting phase information
to detect potential changes in the scene is called coherent change detection (CCD). Usually,
CCD mainly utilizes the complex cross-correlation coefficient between repeat-pass interfer-
ometric synthetic aperture radar (InSAR) image pairs to detect such small amplitudes or
phase changes [10–13]. It is precisely because CCD can obtain small changes in the scene
that it is extremely valuable in many fields.
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Among all military and civilian applications of SAR, CCD is one of the most challeng-
ing applications [14,15]. In recent years, CCD technology has been applied in numerous
fields and it is followed by many researchers. The potential changes in the scene can
be effectively extracted by the CCD method [16–18]. These changes may be caused by
human footprints, vehicle tracks, grazing, human construction and other human activities.
In addition, it may also be due to changes caused by natural disasters, such as earth-
quakes, flooding, landslides and other damages. Utilizing change-detection technology
to extract this change information from SAR images is extremely valuable and can play
an irreplaceable role in the detection of concealed targets under forest [19], human activity
detection [20,21], trace detection [22], the management of illegal constructions [23], and
disaster assessment [24,25].

However, due to the incomplete development of the SAR system, the relationship
between the coherence of typical objects and SAR frequency has not been fully studied.
As a result, the application of CCD in various fields has not yet been fully explored.
The scattering mechanism of the target under SAR radiation is very complicated; different
types of targets have different scattering types under the radiation of different SAR frequen-
cies. For example, the vegetation area mainly presents the trunk part under the P-band
radiation [26], while the tree canopy can be clearly observed under the Ka-band radiation.
The difference in scattering mechanism will also lead to different coherence characteristics
under repeat-pass observations, while there are great differences in the types of ground
object contained in different regions. Therefore, it is very important to choose an appropri-
ate frequency to observe the changed area. Choosing an appropriate frequency to observe
the changed area is conducive to reliably detecting the changes of interest in the scene.
On the contrary, using an inappropriate frequency for observation will result in a high
false-alarm rate, a poor detection rate and unreliable detection results.

With the development of electronics technology, multi-frequency SAR systems have
also appeared consecutively [27,28], which makes it possible to carry out the application
and analysis concerning multi-frequency SAR systems. The Jet Propulsion Laboratory (JPL)
of America and the Institute for the Electromagnetic Sensing of the Environment of the Na-
tional Research Council (IREA-CNR) of Italy utilizing SIR-C/X-SAR multi-frequency sys-
tem performed repeat-pass interferometric experiments in 1996 [29,30]. In 2013, the Electro-
magnetism and Radar Department of France also carried out relevant experiments with the
RAMSES multi-frequency SAR system. Lately, the German Aerospace Center conducted
the ARCTIC 2015 campaign and the AfriSAR 2016 campaign with an advanced airborne
F-SAR system [31–33]. In addition, other researchers have also studied interferometric appli-
cations with a multi-frequency satellite SAR system [34–36], such as Sentinel-1, Radarsat-2
and TerraSAR-X. The difference is that these acquisitions are not contemporaneous, which
introduces the extra dimension of temporal variability into the data [37].

The relationship between the coherence of typical objects and SAR frequency is very
valuable and significant for the change-detection application. However, the relationship
has not been fully studied until now. This paper focuses on the relationship between
the coherence of typical objects and SAR frequency. A large number of experiments have
been carried out and effective experimental data have been obtained with the DVD-InSAR
system which can observe the same scene at six frequencies simultaneously. Combining
all six or more frequencies into one airborne SAR system had not been done before. This
study will make it possible for researchers to compare the radar backscatter characteristics
and study coherence characteristics across frequencies simultaneously. The relationship
between the coherence of different typical objects and SAR frequency is analyzed in detail
in this paper.

In this paper, we present an analysis of multi-frequency interferometric coherence
characteristics of typical objects for coherent change detection. In Section 2 of this paper,
we discuss the method for multi-frequency interferometric processing. Section 3 presents
the experimental results and analysis of the work. In Section 4, this paper is concluded and
a discussion of this work is provided.
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2. Methodology

This paper focuses on the analysis of multi-frequency interferometric coherence char-
acteristics of typical objects. The whole process is shown in Figure 1. The processing
mainly includes three steps. Firstly, using SAR raw data, an external digital elevation map
(DEM) and orbital parameters are used to obtain focused SAR image pairs. Then, the image
registration, interferometric processing and coherence estimation are performed for the fo-
cused SAR image pairs to obtain the coherence map. Finally, the coherence characteristics
of typical objects are analyzed through statistical analysis and the coherence characteristics
curve of typical objects is presented eventually.

Figure 1. The whole process of the multi-frequency interferometric coherence characteristics analysis
of typical objects for coherent change detection.

2.1. Auto-Registration Imaging

The systematic parameters of the multi-frequency SAR system are different, which
can cause different ranges and azimuth pixel spacing of SAR images at each frequency.
The same target will have a certain position offset under the observation of SAR systems
of different frequencies because of the different sampling delay errors and the different
antenna phase center. In order to analyze the relationship between the interferometric
coherence of typical objects and SAR frequency, it is necessary to obtain the registered multi-
frequency SAR images of the study area with the same pixel spacing. At the same time, it
is necessary to maintain the accuracy of the imaging results in terms of focus, radiation,
phase, etc. Utilizing the unique characteristics of observational geometry and consistent
timing of the multi-frequency SAR system is an effective way to achieve auto-registration
imaging.

Primarily, the inconsistent sampling time delay errors of the radar systems with
various frequencies result in different errors in the slant range. In order to obtain a consistent
slant range, the sampling time delay of different SAR systems has to be calibrated according
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to the internal calibration signal recorded by the raw data. This ensures that the SAR images
acquired at different SAR subsystems have the same slant range for a given target.

Since the multi-frequency SAR system has consistent timing characteristics, it is bene-
ficial to obtain multi-frequency SAR images with excellent phase consistencies and high
degrees of overlap. However, the pulse repetition frequency (PRF) of SAR systems of dif-
ferent frequencies is always different, resulting in different pixel spacing in the azimuth
direction of multi-frequency SAR images. In order to obtain the same pixel spacing in the az-
imuth direction, the same PRF should be chosen for imaging. In addition, the antenna phase
centers of different SAR systems are inconsistent, which means that the installation posi-
tions of the antennas are separated. In order to make the pixel offset of the multi-frequency
SAR images in the azimuth direction as small as possible, the same period of time was
selected as the imaging time interval for each of the SAR subsystems, which can simplify
the complexity of image registration among SAR images of different frequencies. The pixel
position offset along the azimuth direction was obtained according to the different initial
mounting positions of the antennas, so that the multi-frequency SAR images could realize
auto-registration imaging in the azimuth direction.

Because the bandwidth and sampling rate of each subsystem are different, the pixel
spacing and resolution in the range direction of multi-frequency SAR images are not
identical. In order to make SAR images have the same pixel spacing in the range di-
rection, the same sampling rate should be chosen for imaging. At the same time, due
to the inconsistent phase centers of the antennas of different SAR systems, the pixel po-
sition of the multi-frequency SAR images along the range direction was deviated. The
offset along the range direction was calculated according to the initial installation position
of the antenna of different SAR systems, so that the multi-frequency SAR images could
realize the auto-registration in the range direction.

To date, the multiple SAR images acquired in multi-frequency SAR systems have
the same pixel position. This allows the researchers conveniently to compare and ana-
lyze the scattering characteristics of the interesting target. The aim is for a specific SAR
application in which the appropriate frequency is chosen to perform the scientific missions
in the future.

Temporal decorrelation is an important representation of the stability of the target.
Under the above processing, the multi-frequency SAR datasets obtained from repeat-pass
observations are imaged in turn. Then, the multi-frequency master and slave SAR images
of the study area are obtained in turn.

2.2. Interferometric Processing and Analysis

Due to the different installation positions of the antenna of the SAR subsystem
on the aircraft, there is a slight time difference when the SAR subsystem of each band
observes the same region on the ground. Using the same period of time for coincident
imaging causes several pixels to become offset among SAR images of different frequencies
in the azimuth direction. In order to align the pixel position among SAR images of different
frequencies as much as possible, it is necessary to achieve at least pixel-level registration
for multi-frequency SAR images. Generally, the geometric relationship among the antenna
of the multi-frequency SAR systems is applied to register the multi-frequency SAR images.

The interferometric processing mainly includes repeat-pass InSAR image registration
and coherence estimation. The repeat-pass InSAR image registration is to achieve a high
precision of alignment, and the registration accuracy should be at least 1/8 pixel [38].
If there are some registration errors, even sub-pixel-level mismatch will lead to a decrease
in coherence and phase noise, which will seriously affect the quality of the interferogram.
In this paper, the maximum complex coherence coefficient method is adopted to realize
the registration between the repeat-pass InSAR image pairs for each frequency in turn. The
coherence estimation is to obtain a measure of the degree of coherence between repeat-pass
InSAR image pairs.
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Assuming that the two SAR images obtained by repeat-pass InSAR observations are
X1k and X2k, after the repeat-pass InSAR image registration, the coherence between the two
images is defined as the magnitude of the normalized complex cross-correlation coefficient.
This is given as [39,40]:

γ=

∣∣∣∣∣∣∣∣
E
[
XH

1kX2k
]√

E
[

X1k
2
]

E
[

X2k
2
]
∣∣∣∣∣∣∣∣ (1)

where E[·] is the expectation operator and AH denotes the conjugate of a variable A.
In practice, the expectation in Equation (1) is generally substituted by the mean sample
operator, and a window around the pixel neighborhood is used [41,42].

γ=

 ΣN XH
1kX2k√

ΣN X1k
2ΣN X2k

2

 (2)

The scattering characteristics of typical objects are not only related to their own
material and surface structure, but also the frequency and polarization of electromagnetic
waves. The scattering characteristics of typical objects dominated by surface scattering are
mainly related to surface roughness, soil dielectric constant and SAR frequency. The typical
objects mainly scattered by volume scattering are closely associated with the scattering
type and penetration depth of the electromagnetic wave.

In order to understand the interaction process and mechanism between electromag-
netic waves and typical objects more clearly, especially the coherence characteristics be-
tween typical objects and different SAR frequencies, sufficient samples of each typical object
were selected in the study area. The average coherence of each type of typical object was
calculated according to the coherence coefficient map obtained from the interferometric
processing. Then, the relationship between the coherence characteristics of each typical
object and SAR frequency was presented through statistical analysis.

3. Experiments and Results

To analyze the coherence characteristics of typical objects on the ground, one set of six-
band airborne InSAR data is used in this paper. The experimental results and analysis are
presented in this section. In addition, in order to illustrate the coherence characteristics
more sufficiently, the dataset acquired in vegetation regions is analyzed as well.

3.1. Experiments

The coherence of different typical objects has different trends with the variation of SAR
frequency. In order to present these trends and make clearer and more intuitive judgments,
this section introduces the selected study area and experimental dataset in detail for further
analysis.

This paper selected an area with many typical objects as the study area. This area is
located in Gansu Province, China. The Google map and SAR amplitude image of the study
area are shown in Figure 2. This area contains general types of typical objects, such
as vegetation, buildings, bare land and other types. At the same time, this area is lo-
cated at the junction of city and desert. Studying the coherence of this area is not only
significant for change detection in the urban environment, but also of great significance
for change detection in the desert and underpopulated land environment. In addition,
the soil in the study area is relatively dry, which can ensure that the acquired SAR images
have relatively good coherence.
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(a) (b)

Figure 2. (a) Google map and (b) SAR amplitude image of the study area.

Most land cover types on the ground show obvious scattering differences under the ir-
radiation of electromagnetic waves at different frequencies. The amplitude of the electro-
magnetic return depends on the electromagnetic structure of the target, while the coherence
is mostly related to its mechanical stability. The interferometric coherence is more valu-
able for the study of scattering targets, and it can provide better discrimination for SAR
applications. In order to study the relationship between the coherence of typical objects
and SAR frequency, the DVD-InSAR system developed by the Aerospace Information Re-
search Institute, Chinese Academy of Sciences, was used to carry out experiments in Gansu
Province, China, in October 2020. A large amount of experimental data was obtained
for different scientific missions, especially where the multi-frequency repeat-pass InSAR
data were obtained to study the frequency characteristics of interferometric coherence
and other applications, such as the classification, tomography and target recognition. The
DVD-InSAR system is composed of six SAR subsystems at P, L, S, C, X and Ka bands,
where the system works with the same frequency source to ensure the consistency of timing
and phase between different subsystems. Meanwhile, the geometric position on board
the antennas is well measured. The DVD-InSAR system is mounted on the Modern Ark 60
(MA60) aircraft platform. An optical image of the platform is shown in Figure 3.

Figure 3. The aircraft platform of the DVD-InSAR system.
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The DVD-InSAR system has multiple working modes, including strip-map, spotlight,
cross-track and along-track interferometry modes. The six-band SAR subsystems share
a set of positioning and orientation systems (POS) and have the same timing source. These
six-band SAR systems can work at the same time and acquire SAR images of the same scene
simultaneously. Table 1 shows the main parameters of the DVD-InSAR system. The carrier
frequency, bandwidth and pulse repetition frequency are different for each SAR subsystem,
which results in different resolutions. In addition, the pixel spacing is set to identical, which
is 0.393 m and 0.468 m in the azimuth and range directions, respectively.

Table 1. Main parameters of DVD-InSAR system.

Parameter Value

SAR band P \ L \ S \ C \ X \ Ka
Carrier frequency 0.39\0.96\3.2\5.4\9.6\35 GHz

Bandwidth 200\200\300\300\500\600 MHz
Pulse repetition frequency 500\2000\1000\500\1000\2000 Hz

Resolution 1\1\1\0.5\0.5\0.3 m
Look angle 45◦

Platform velocity 98.15 m/s
Azimuth pixel spacing 0.393 m

Range pixel spacing 0.468 m

The temporal decorrelation of the targets characterizes their mechanical and dielectric
stability. It is very critical to study the temporal decorrelation to better develop scientific
missions in the future. In order to analyze the relationship between the temporal decorre-
lation and SAR frequency of the selected study area in this paper, we chose the repeat-pass
interferometry observation mode of the DVD-InSAR system to obtain an experimental dataset.
Multiple flights were conducted in the selected study area with the DVD-InSAR system.

The SAR backscatter intensity of the ground target is a function of several factors,
including the SAR wavelength, image acquisition geometry, local topography, surface
roughness and the dielectric constant of the targets [43,44]. In order to show the relationship
between the coherence characteristics of typical objects and SAR frequency more clearly and
directly, this paper selected a typical area containing multiple land cover types as the study
area, mainly including building, road, railway, vegetation, bare land and water regions.

Firstly, the multi-frequency datasets obtained by the DVD-InSAR system were used
to obtain the auto-registered SAR images of the selected study area, and the six-band SAR
images with the same pixel spacing were obtained. Due to a certain offset of the installation
position among antennas of multi-frequency SAR systems, there was always a certain pixel
offset of the study area in the azimuth direction. Considering the installation position
of the P-band antenna as a reference, the pixel position offset of SAR images of other bands
relative to the P-band SAR image was calculated according to the installation positions
between other antennas and the P-band antenna. This means that the pixel position
offset could be calculated between the installation positions of multiple antennas. Then,
the six-band SAR images were registered in the azimuth direction. Then, through choosing
the same sampling rate and upsampling or desampling the SAR images, identical pixel
spacing in the range direction was ensured. The pixel offset in the range direction could
also be corrected according to the installation position of the antennas.

Secondly, due to the two-dimensional distortion between the two SAR images obtained
by the repeat-pass observations, the maximum coherence coefficient method was used
to realize the interferometric image registration between the master and slave images. With
Equation (2), the coherence of the repeat-pass image pairs after registration was estimated
for each SAR band in turn. The coherence coefficient maps of each SAR band are shown
in Figure 4.
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Fig. 3. Coherence maps of the study area. (a) P-band coherence map. (b) L-
band coherence map. (c) S-band coherence map. (d) C-band coherence map.
(e) X-band coherence map. (f) Ka-band coherence map.

typical objects as the study area, mainly including building,
highway, railway, vegetation, bare land, and water region.

Firstly, the multi-band dataset obtained by the DVD-InSAR
system are used to obtain the coincident images of the selected
study area and the six-band SAR images with the same
resolution are obtained. Due to certain offset of the installation
position among antennas of multi-band SAR system, there
is always a certain pixel offset of the study area in the
azimuth direction. Considering the installation position of the
P-band antenna as a reference, the pixel offset of other band
SAR image relative to the P-band SAR image is calculated
according to the offset between the installation positions of
other SAR band antennas and P-band antenna. Then the six-
band SAR images are registered in azimuth direction and they
have registered in range direction through coincident imaging.

Secondly, due to the two-dimensional distortion between
the two SAR images obtained by the repeat-pass observations,
the maximum coherence coefficient method is used to realize
the interferometric image registration between the master and
slave images. With equation (2), the coherence of the repeat-

(a) (b)

(c) (d)

(e) (f)

Fig. 4. Coherence statistics of typical objects. (a) Building region. (b)
vegetation region. (c) bare land region. (d) highway region. (e) railway region.
(f) water region.

pass image pairs after registration is estimated for each SAR
band respectively. The coherence coefficient maps of each
SAR band are shown in Fig.3.

As shown in Fig.3, the coherence of different typical objects
has different values at different SAR frequencies, which means
that the coherence characteristics of each typical objects are
different at SAR frequencies.

B. Experiment analysis

Sufficient samples of different typical objects are selected
from the coherence map firstly to obtain the coherence char-
acteristics, and then the average coherence of different typical
objects is calculated through selected samples. The statistical
results are shown in Fig.4, it can be seen that the coherence
of different typical objects have different SAR frequency
characteristics.

For buildings and vegetation regions, the coherence de-
creases with the increase of SAR frequency. This is explained
by the fact the scattering type of buildings and vegetation
regions is mainly volume scattering. With the increase of SAR
frequency, the diffraction ability of electromagnetic waves
decreases. This will result in a decrease in the coherence of
these regions.

Figure 4. Coherence maps of the study area. (a) P-band. (b) L-band. (c) S-band. (d) C-band.
(e) X-band. (f) Ka-band.

As shown in Figure 4, the coherence of different typical objects has different values
at different SAR frequencies, which means that the coherence characteristics of each typical
object are different varying with SAR frequencies. There are many SAR applications which
are closely related to the interferometric coherence. For example, the interferometric coher-
ence is regarded as a vital measurement to locate, extract and recognize the changed areas
for coherent change-detection applications. However, the interesting types of detected typi-
cal object are always different, so that studying and analyzing the coherence characteristics
will help us better detect the areas.

3.2. Experiment Analysis

In order to fully analyze the coherence characteristics, sufficient samples of different
typical objects were first selected from the coherence map of the study area. The typical
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objects mainly included building, vegetation, bare land, road, railway and water regions.
Table 2 shows the samples of the different typical objects. Then, the average coherence
of different typical objects was calculated through the selected samples. The statistical
results are shown in Figure 5. It can be seen that the coherence of different typical objects
has different frequency characteristics.

Table 2. The samples of different typical objects.

Building Vegetation Bare Land Road Railway Water

Pixels 4360 399,500 29,850 11,480 1370 1300

(a) (b)

(c) (d)

(e) (f)

Figure 5. Coherence statistics of typical objects. (a) Building region. (b) Vegetation region. (c) Bare
land region. (d) Road region. (e) Railway region. (f) Water region.
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As shown in Figure 5, the interferometric coherence was influenced to a greater
degree by the SAR frequency in all types of typical objects, where the temporal baseline
of the InSAR images was the same, at about two hours. The influence of the spatial baseline
was compensated in the total coherence. Therefore, the interferometric coherence can
express the state change of typical objects. Analyzing the coherence characteristics would
offer significant guidance for future SAR applications.

For the building and vegetation regions, the coherence decreased with the increase
in SAR frequency. The building regions had a high coherence in all frequencies, as ex-
pected, whereas the coherence characteristics of the building regions were closely related
to the roughness in various electromagnetic waves. Generally, the roughness of the build-
ings was higher at low frequencies, so that the coherence was higher at low frequencies
than at high frequencies. The coherence characteristics of the vegetation regions were
mainly related to the scattering type and penetration depth in various electromagnetic
waves, whereas high frequencies, such as the Ka-band and X-band, did not penetrate
into the forest volume, and the scattering energy from the branches and leaves on the top
of the trees was dominant. The movement of the tree leaves between the two acquisitions
produced a degradation in the coherence. Conversely, low frequencies, such as the P-band
and L-band, could penetrate into the forest volume, and the scattering type was mainly
double-bounce and surface scattering.

For the bare land, road and railway regions, the coherence characteristics followed
a similar trend with variations in SAR frequency. This was because the scattering type
of these regions was mainly surface scattering. Due to the stronger penetration ability of P-
band electromagnetic waves in these regions, the scattering energy was severely degraded,
which resulted in the coherence of the P-band being lower than that of the L-band, as
shown in Figure 5. In general, the lower the frequency and the lower the soil moisture,
the greater the penetration depth. Even though the trend was similar in these three regions,
the coherence level was distinct in different regions. This was because the roughness,
scattering characteristics and soil moisture were not completely consistent. Especially,
the stability and the penetration ability of the P-band in these three regions were not
the same, which resulted in a great difference in the coherence.

For the water region, the coherence was seriously lower than other types of typical
objects shown in Figure 5. The reason is that the specular scattering was dominant in the
calm water region, which resulted in the scattering energy being generally weak. In fact,
the echo received by the SAR system and reflected by the water region was similar to noise,
where the phase was not reliable and was random. Therefore, the stability in the water
region was poor, so that the coherence of the region presented random characteristics.

CCD utilizes coherence to extract the changed area in the study area. The study
of the relationship between the coherence of typical objects and SAR frequency is beneficial
to the further development of change-detection applications. Since the area of interest
usually contains different types of major objects, a clear study of this relationship can
effectively guide us in choosing the appropriate one or several SAR frequencies to observe
the changed area of interest. False alarms and correct detection are the main attention
in the CCD application. If a fine detection result is expected, the false alarms should be
reduced from the final detection results.The detection results are always seriously cor-
rupted by false alarms, which can be avoided through choosing the appropriate frequency
according to the changed object types. For example, if the changed areas are dominated by
buildings and vegetation types, the P-band or L-band should be preferred; if the changed
areas are dominated by the bare land type, the L-band, C-band or X-band should be pre-
ferred. In short, choosing the appropriate SAR frequency helps in obtaining more reliable
detection results.

In order to further illustrate the difference in frequency characteristics in CCD, the SAR
dataset acquired in the vegetation regions was utilized to compare the performance dif-
ference. The dataset was acquired by the P-band and C-band SAR system in vegetation
regions, where the change was mainly the movement of vehicles. The main land cover type
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was vegetation and bare land, which were not the types of interest. These two types were
expected in high coherence to obtain the actual change of vehicles. If inappropriate frequen-
cies are used for observation, there will be more false alarms in the detection results. The
mission and reference SAR images of the vegetation regions are shown in Figures 6 and 7.

(a) (b)

Figure 6. The P-band SAR images of the experimental scene. (a) Reference SAR image. (b) Mission
SAR image.

(a) (b)

Figure 7. The C-band SAR images of the experimental scene. (a) Reference SAR image. (b) Mission
SAR image.

By performing interferometric processing and coherence estimation on the P-band
and C-band SAR image pairs, respectively, the coherence map was obtained as shown
in Figure 8. It can be seen from Figure 8 that the coherence of the vegetation region showed
a significant difference between the P-band and the C-band, which was due to the great
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difference in the mechanical stability of the target across different frequencies. As is shown
in Figure 5b, the coherence of the vegetation region was higher in the P-band than in the
C-band, which resulted in fewer false alarms.

(a) (b)

Figure 8. Coherence map of the vegetation region. (a) P-band and (b) C-band.

Then, in order to show the difference between the P-band and the C-band on CCD
more sufficiently, a detection result was obtained by thresholding the coherence map. The
detection results for the P-band and the C-band are shown in Figure 9. The black area
in Figure 9a is mainly the movement of vehicles, including arrival and departure, while
the black area in Figure 9b includes the movement of the vehicle and false alarms caused
by vegetation in the scene.

(a) (b)

Figure 9. Results comparison between P-band and C-band. (a) P-band and (b) C-band.

Finally, in order to clearly show the performance difference between the P-band and
the C-band, the detection results in Figure 9 are compared with the ground truth overlay
in Figure 10. It can be concluded that the C-band had more false alarms than the P-band,
mainly due to the swing of tree leaves in the scene. The experimental results show that the P-
band results can detect the potential movements of vehicles more effectively in comparison
with the C-band; the C-band results had more false alarms. Therefore, if our goal is to study
the CCD in vegetated regions, the P-band is preferred, since it leads to less decorrelation
in vegetated regions.
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Figure 10. The ground truth overlay.

4. Discussion

CCD technology has been widely used in civilian and military fields. Acquiring change
information makes a great difference in many applications, such as subtle human activity
detection, illegal construction management and disaster assessment. However, the co-
herence characteristics of typical objects has not yet been fully studied, which restricts
the quality of the detection results.

In order to solve this problem, we conducted a study on multi-frequency interferomet-
ric coherence characteristics analysis of typical objects. The coherence characteristics were
obtained through statistical analysis, while the data were acquired through the DVD-InSAR
system developed by the Aerospace Information Institute, Chinese Academy of Sciences,
and were utilized to show the coherence characteristics more clearly. We selected building,
vegetation, bare land, road, railway and water regions as the typical objects for the analysis.

The experimental results show that the coherence characteristics of typical objects are
different. For building and vegetation regions, the coherence decreased with increases
in SAR frequency. For bare land, road and railway regions, the coherence characteristics fol-
lowed a similar trend with variations in SAR frequency. For the water region, the coherence
characteristics were irregular.

Particularly, in order to illustrate the difference in the frequency characteristics in the
application of CCD, the dataset acquired in the vegetation region was utilized to compare
the difference. The results showed that there were more false alarms in the C-band than in
the P-band. Therefore, if our goal is to study the CCD in vegetation regions, P-band SAR is
to be preferred.

In this paper, we only analyzed the differences in the coherence characteristics among
different SAR frequencies. This will allow scientists to select one or several SAR frequencies
for observation according to the given set of science drivers for future missions. However,
the connection and complementation of the coherence characteristics also deserve study.
In future research, we will consider the situation to further improve the CCD results.
In order to better develop scientific missions, multi-frequency interferometric coherence
characteristics deserve more careful study in the future.
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