COHERENCE ANALYSIS AND HEIGHT ESTIMATION OF VEGETATION PHASE CENTER BASED ON INDOOR MULTIBAND MULTIBASELINE POLARIMETRIC INTERFEROMETRIC SAR DATA: A CASE STUDY OF WILD RICE SHOOTS
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ABSTRACT: Polarimetric interferometry technique is an effective method to estimate the height of vegetation, so it is helpful to detect vegetation growth and estimate crop yield. In this paper, based on the indoor polarimetric interferometric SAR data of multiple bands (C, X and Ku band) and multiple baseline (0.25°, 0.5°, 0.75°, 1°) in a controlled environment, the coherence and the vegetation phase center of wild rice shoots were analyzed by using polarimetric interferometry technique. The results showed that for C band, coherence of baseline 0.25° and 0.5° were the better that of other baselines, among which the coherence of OPT1 channel reaches 0.94. When the baseline was 0.5°, VV channel had the most accurate height estimation of vegetation phase center. For X and Ku band, they have one thing in common, that is, coherence of baseline 0.25° were the better that of other baselines, among which OPT1 channel had the highest coherence of 0.92 and 0.88. Under the same baseline condition, the coherence of low frequency band is greater than that of high frequency band. What’s more, when the baseline is 0.25°, for X band, the optimal channel for high estimation of phase center was HH, VV and HH+VV, while for Ku band, the optimal channel was HV.

1. INTRUDUCTION
Synthetic Aperture Radar (SAR) has become one of the important means of vegetation remote sensing monitoring because of its ability to quickly image through clouds all day and all day. Polarimetric interferometric SAR, (Pol-InSAR), which can obtain the target (such as vegetation layer) of the vertical structure characteristics, has become a new generation of earth observation is one of the important development trend of the SAR system. The application potential of Pol-InSAR in vertical structure inversion of vegetation (such as height inversion) has been widely recognized [1-4]. However, the accuracy of vegetation height estimation is limited by spatial baseline, revisit period and observed band. Therefore, it is of great significance for inversion of vegetation height to study the estimation of vegetation coherence and phase center based on different baselines and different bands in a controllable environment by using polarimetric interferometry technology. Therefore, in this study, based on the polarimetric interferometry processing strategy and using indoor Pol-InSAR data, Pol-InSAR experiments were carried out on four different baselines of multiple C, X and Ku band, the difference of coherence and the difference of high estimation of phase center were analyzed, and the inversion results of the best baseline and the best polarimetric channel at different bands were obtained. 
2. INDOOR POL-INSAR EXPERIMENT AND DATA ACQUISITION
2.1 Experiment platform
In this paper, the indoor Pol-InSAR experiment was realized on the platform of microwave characteristic measurement and simulation imaging. The experimental platform was located in Deqing, Zhejiang Province, which developed by the Institute of remote sensing and digital earth, Chinese Academy of Sciences. It is the only large-scale microwave remote sensing basic experimental scientific device with advanced performance and highly integrated functions in Asia. It constructs a pure and non-interference microwave test environment in the space of 24 m × 24 m × 17 m. The precise orbit system can test the quantitative relative position and relative motion control between the antenna and the target. The platform can obtain the continuous microwave spectrum characteristics of the target in the frequency range of 0.8-20 GHz. At the same time, it can complete the microwave characteristic measurement and SAR imaging simulation of typical component-target-scene (multi-band, full polarization HH, HV, VH and VV, multi angle 0° ~ 90°, omni-directional 0° ~ 360°). In addition, the platform has a 3 × 4m loading platform, which can be used to place the tested objects. Figure 1 shows microwave characteristic measurement and simulation imaging science experiment platform interior view.
2.2 The scene design of wild rice shoots
Wild rice shoot grows mostly in shallow water with creeping rhizomes. And its culms are tall and erect, 1-2 m high. It is a unique aquatic vegetable in China with a wide area of cultivation. Experimental samples were taken from mature wild rice shoots in Deqing, Zhejiang Province, China. We collected 12 wild rice shoots (4 randomly selected plants with a height range of 172-190cm and an average height of 183.5cm) with soil and roots. In order to make the sample close to the natural scene and live for a long time, we prepared plastic baskets with a length of 60cm, a width of 40cm and a height of 38cm, and separated wild rice shoots into plastic baskets. The wild rice shoot is so large that only one can be placed in each plastic basket and arranged in rows. Soil and water are added to the plastic basket, which is as close as possible to the samples in the natural scene to form a 1.8m ×1.6m scene. Figure 2 shows the schematic diagram of wild rice shoots scene.
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Figure 1 Microwave characteristic measurement and simulation imaging science experiment platform interior view
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(a) Distribution map of wild rice shoots scene            (b) Wild rice shoots scene
Figure 2 The schematic diagram of wild rice shoots scene
2.3. Data acquisition
The wild rice shoot scene was placed behind the experimental platform, and the experimental parameters for acquiring Pol-InSAR data were set. Among them, the three bands ranges of C, X and Ku band are 3.6 ~ 7, 6.1 ~ 13.1 and 12 ~ 18 GHz respectively, and the band sampling interval is 0.025 GHz. The incident angle ranges from 44 ° to 45 ° and the incident angle interval is 0.25 ° and the platform translation range is - 2400 ~ 2400 mm, and the translation interval is 60mm, 20mm and 20mm respectively. The specific experimental parameters are shown in Table 1.
Table 1 Experimental parameters of Pol-InSAR data
	Center band
	Band Range
	Incident Angle
	Incidence Angle Interval
	Resolution
	Pixel Size

	C band(5.3GHz)
	3.6~7.0
	44°~45°
	0.25°
	0.06
	0.03

	X band(9.6GHz)
	6.1~13.1
	44°~45°
	0.25°
	0.03
	0.02

	Ku band(15GHz)
	12~18.0
	44°~45°
	0.25°
	0.04
	0.02


3. METHODOLOGY
The flowchart of the methodology in this study was shown in the Figure 3.
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Figure 3 Flowchart of the methodology in this study
① Experimental design: Firstly, experimental design was carried out, namely, scene design of wild rice shoots and experimental parameters design of Pol-InSAR data. This part has been introduced in detail in 2.2 and 2.3.Then, the measured 2D imaging data was converted into S-matrix interferometry pairs.
② Data processing: The interferometry pairs of S matrix were compensated by range-spectrum filtering [5]. Due to the variation of the spatial baseline, the spatial azimuth difference of the sensor has an influence on the complex coherence coefficient. Then, the S-matrix interferometry pairs after the range spectrum filtering is conjugate multiplication. The S matrix of Pol-InSAR data was converted into T6 matrix, and the Boxcar filtering method was used to filter the T6 matrix. The window size was 5×5, so as to reduce the coherent speckle noise and improve the image radiation resolution.
③ For each interferometry pair, 8 complex coherence coefficients are calculated, which are respectively the complex coherence coefficients of HH,HV,VV,HH+VV, HH-VV, and the three optimized coherence coefficients (OPT1, OPT2 and OPT3).
④ The complex coherence coefficient and phase center height of different baselines in three bands were analyzed.
Figure 4 shows the Single Look Complex (SLC) images of 6 2D images. It can be seen from the figure that there is little difference in the imaging results of different incidence angles at the same band. The imaging results of different bands with the same incidence Angle are quite different.
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Figure 4 the SLC images of 6 2D images
4. RESULTS
Based on the method in the third part of this paper, 8 coherence coefficients under different baselines of the three bands are obtained, and the linear graph of the three bands are obtained by statistical coherence. Figure 5 is the linear graph of the statistical results of 8 coherence coefficients under different baselines of C band. Figure 6 is the linear graph of the statistical results of 8 coherence coefficients under different baselines of X band. Figure 7 is the linear graph of the statistical results of 8 coherence coefficients under different baselines of Ku band.
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Figure 5 The linear graph of the statistical results of 8 coherence coefficients under different baselines of C band
As shown in Figure 5, coherence of 8 channels were the better that of other baselines. Among them, the coherence of OPT1 channel reaches 0.94 at best. In addition, the coherence of HH, HV, VV and HH+VV channel are also better than 0.8. Therefore, it is more accurate to use OPT1, HH, HV, VV and HH+VV channel for phase center high estimation. In addition, OPT1 coherence at baseline of 0.75 and 1° also exceeds 0.8.
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Figure 6 The linear graph of the statistical results of 8 coherence coefficients under different baselines of X band
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Figure 7 The linear graph of the statistical results of 8 coherence coefficients under different baselines of Ku band
For X and Ku band, they have one thing in common, that is, coherence of baseline 0.25° were the better that of other baselines, among which OPT1 channel had the highest coherence of 0.92 and 0.88. When the coherence is poor, the accuracy of the phase center high estimation is poor. Therefore, for the X and Ku band, the 0.25° baseline is the best choice for high estimation of the phase center. In addition, for the space baseline of 0.5, 0.75 and 1°, OPT1 has the best coherence compared with the 8 channels of the same baseline.
Based on the method in the third part of this paper, after calculating the complex coherence coefficient, the phase center height estimation of 8 channels in three bands at different baselines was performed, and the height estimation results of 8 channels were obtained through statistical analysis. Figure 8 is the linear graph of the statistical results of 8 high estimation of phase center under different baselines of C band. Figure 9 is the linear graph of the statistical results of 8 high estimation of phase center under different baselines of X band. Figure 10 is the linear graph of the statistical results of 8 high estimation of phase center under different baselines of Ku band. It can be seen from Figure 8, 9 and 10 that under the same baseline condition, the coherence of low frequency band is greater than that of high frequency band.
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Figure 8 The linear graph of the statistical results of 8 high estimation of phase center under different baselines of C band
As can be seen from Figure 8, for the 8 channels with baseline of 1°, the height estimation results are close to 0 or negative, so the height information of wild rice shoots cannot be reflected. From the height estimation results of 8 channels at baseline of 0.5° and 0.75°, the height estimation results of each phase center were basically between 0.5 and 0.6m, but there was little difference in the height estimation results of each channel. In comparison, the height estimation results of VV channel were larger, which could represent the canopy scattering information of wild rice shoots. According to the estimation results of 8 channels with baseline of 0.25°, the HH, HV, VV, OPT1 and HH+VV channel height estimated at about 0.6m, which can represent the scattering information of the canopy of wild rice shoots. What’s more, the estimated height of OPT2, OPT3 and HH-VV channel was at about 0.2m, which can represent the scattering information of the underlying surface of wild rice shoots. 

As can be seen from Figure 9, for the 8 channels with baseline of 0.75°and 1°, the height estimation results are close to 0, so the height information of wild rice shoots cannot be reflected. From the height estimation results of 8 channels at baseline of 0.25°, the height estimation results of each phase center were basically between 0.6m, but there was little difference in the height estimation results of each channel. In comparison, the height estimation results of HH, VV and HH+VV channel were larger, which could represent the canopy scattering information of wild rice shoots.
As can be seen from Figure 10, for the 8 channels with baseline of 0.5, 0.75 and 1°, the height estimation results are close to 0, so the height information of wild rice shoots cannot be reflected. From the height estimation results of 8 channels at baseline of 0.25°, the height estimation results of each phase center were basically between 0.6m, but there was little difference in the height estimation results of each channel. In comparison, the height estimation results of HV channel were larger, which could represent the canopy scattering information of wild rice shoots.
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Figure 9 The linear graph of the statistical results of 8 high estimation of phase center under different baselines of X band
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Figure 10 The linear graph of the statistical results of 8 high estimation of phase center under different baselines of Ku band 
5. CONCLUSION
In this study, based on the polarimetric interferometry processing strategy and using indoor Pol-InSAR data, polarimetric interferometry experiments were carried out on four different baselines of multiple C, X and Ku band, the difference of coherence and the difference of high estimation of phase center were analyzed, and the inversion results of the best baseline and the best polarimetric channel at different bands were obtained.
For C band, coherence of baseline 0.25° and 0.5° were the better that of other baselines, among which the coherence of OPT1 channel reaches 0.94. When the baseline was 0.25°, height estimation of the HH, HV, VV, OPT1 and HH+VV channel is at about 0.6m, which can represent the scattering information of the canopy of wild rice shoots. When the baseline was 0.5°, VV channel had the most accurate height estimation of vegetation phase center. 
For X and Ku band, they have one thing in common, that is, coherence of baseline 0.25° were the better that of other baselines, among which OPT1 channel had the highest coherence of 0.92 and 0.88. What’s more, when the baseline is 0.25°, for X band, the optimal channel for high estimation of phase center was HH\VV\HH+VV, while for Ku band, the optimal channel was HV.
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