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Abstract

This paper presents the impact of simulation parameters according to the potential future space-borne mission BIOMASS (P-band) in polarimetric and interferometric SAR (Pol-InSAR) inverison performance. Forest height inversion is obtained from the simulated data sets (bandwidth, NESZ and ambiguities) generated from DLR E-SAR (Experimental Synthetic Aperture Radar) airborne SAR data. For this study two campaign data sets (BioSAR 2007 / INDREX-II) have been selected and investigated. The several comparative results of Pol-InSAR between airborne data and the simulated data (incl. bandwidth, NESZ and range/azimuth ambiguities) will be shown and discussed.
Index Terms— Simulation, BIOMASS, P-band, Pol-InSAR
1. Introduction
Polarimetric SAR interferometry (Pol-InSAR) is a new radar technology that allows us to investigate vegetation structure properties such as forest height and biomass. The coherent combination of radar polarimetry and SAR interferometry provides the sensitivity to the vertical distribution of scattering process within the resolution cell and can be used for model-based inversion of forest structure parameters. Indeed, model based (using the Random Volume over Ground (RVoG) model) forest height estimation has been successfully demonstrated using airborne repeat pass fully polarimetric interferometry at a wide range of frequencies [1][2]. The estimation of forest height (and its close relation to forest biomass) becomes important in the frame of BIOMASS mission. The main objective of the BIOMASS mission is to provide consistent global estimates of forest biomass, forest disturbance and re-growth. However, the International Telecommunication Union (ITU) allocation limits dramatically the system bandwidth at P-band to 6MHz at 432-438MHz. In this paper we assessed the impact of sensor related parameters (bandwidth, NESZ, range/azimuth ambiguities) on the Pol-InSAR inversion performance and evaluated the expected performance. We analyzed the possible performance and the associated system requirements for forest parameter estimation techniques in the frame of the BIOMASS system and mission operation scenario.

The performance analyses is supported and validated by DLR E-SAR Pol-InSAR experimental data and some allometric data acquired in the frame of the BioSAR 2007 and INDREX-II campaigns. In order to support the future BIOMASS mission, the ESA airborne radar campaign carried out over the boreal forests of southern Sweden and the tropical forest in Indonesia. The E-SAR airborne data were simulated considering the impacts of system, propagation path and the time-gap between successive acquisitions from BIOMASS sensor. The impact of these parameters is investigated using the filtered 6 MHz P-band data. A comparison of the inversion results between 94 MHz and 6 MHz bandwidth in P-band data is performed and discussed.

2. Test Sites & simultaion data
Remningstrop test site is located in southern Sweden (latitude: 58°28’, longitude: 13°38’). The forest is part of the southern ridge of the boreal forest zone in transition to the temperate forest zone. Topography is fairly flat with some small hills and ranges between 120m and 145m amsl. It is a managed forest, divided into many stands with similar forest structure. Prevailing tree species are Norway spruce (Piceaabies), Scots pine (Pinus sylvestris) and birch (Betula spp.). Forest height ranges from 5m to 35m, with biomass levels from 50t/ha to 300t/ha [3].
Mawas test site is located on the island of Borneo, Kalimantan, Indonesia ((latitude: -2°15’, longitude: 114°45’). It is in general flat including several large (ombrogenous) peat domes and is covered by tropical peat swamp forest types. Forest height varies gradually from [image: image1.jpg]
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relatively tall (30 m) and dense forest at the edges towards small (15 m or lower) and open forest at the centre of a dome with biomass levels from 20 to 250 t/ha. Mixed swamp forests (some topogenous) and floodplain forests are located along the river flow [1]. 

Simulation parameters were chosen according to the potential future space-borne missions BIOMASS (P-band). A number of different parameters must be considered for extrapolation of spaceborne from airborne data. These are not only system (sensor) related parameters (resolution, NESZ, ambiguity), but also those relating to the propagation path (ionosphere) and to temporal decorrelation. The adopted simulation approach and specifies are well described in [4].
3. Simulation Results
5.1. Coherence
Figure 1 shows the HH coherence amplitude images corresponding to E-SAR airborne SAR data and three levels (resolution, NESZ and ambiguities) simulation data. P-band in space has a lower range resolution because the range resolution is proportional to the bandwidth. The P-band simulation data has 25 m resolution in range while the P-band E-SAR airborne has 1.49 m resolution. Remingstorp test site consist of forest, road, lakes, power cable and so on (see Figure 1). In contrast to airborne SAR, coherences of simulation data can less distinguish those land cover features because of the selected small bandwidth. Histograms of coherences with simulation data are plotted in Figure 2. To avoid the range docorrelation effect, we [image: image3.png]


selected fairly small spatial baselines, so airborne SAR coherence (black) has high coherence level. As reducing the bandwidth (red), adding the noise (green) and inserting ambiguities (blue), the level of coherence decreases (mean HH coherence: 0.88->0.86->0.85). And we can also see cross polarization is more affected than co-polarization by constraints imposed by mission design (mean HV coherence: 0.79->0.73->0.67). 
[image: image4.png]


[image: image5.png]


[image: image6.png]



5.2. Pol-InSAR inversion

P-band airborne SAR inversion results and validations in two test sites are well described in [2]

 REF _Ref233189334 \r \h 
[3]. The forest heights in Remningstorp forest (Figure 4 left two) and Mawas forest (Figure 4 right two) are also estimated by using Pol-InSAR model [1]

 REF _Ref233197663 \r \h 
[2] with simulation data (incl. bandwidth, noise and ambiguities). In both test sites, the P-band simulation inversion results are higher than the forest height maps of airborne SAR data. Owing to low resolution, lodging track or small lakes are not able to be separated to forest. Nevertheless Pol-InSAR inversion results have still sensitivity to forest structure in Remningstorp and Mawas forests.
Figure 4 shows the comparison between airborne SAR data heights and the simulation inversion results included by resolution, noise and ambiguities level. There is a tendency that the inverted forest heights from simulation data is higher than from the airborne SAR data results in both test sites. After normalizing by the total number of samples for a given airborne Pol-InSAR inversion height, we can see that low forests are more affected by constrains imposed by mission design than high forests (see normalized 2-D histograms in Figure 4). It’s related to Pol-InSAR inversion model as uncompensated decorrelation causes more overestimation in lower forests [2].
4. conclusion
In this study, we showed the possibility to estimate forest height with simulated P-band data according to space mission design over the boreal forest and tropical forest. Simulation data still kept enough coherence level in forest to apply Pol-InSAR inversion model in spite of limited bandwidth, noise and ambiguities. And the comparative forest height analysis between airborne data and simulation data related only sensor has been presented in this paper. The impact of parameters relating to the propagation path (ionosphere) and to temporal decorrelation is in progress.
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Figure � SEQ Figure \* ARABIC �4�: Pol-InSAR inversion height comparison between airborne data (94 MHz bandwidth) and simulation data (6 MHz bandwidth plus additional noise and ambiguities).  Two left: Remingstorp forest, two right: Mawas forest.
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Figure � SEQ Figure \* ARABIC �2�: HH-, HV- and VV coherence histograms from left to right; Black: E-SAR airborne SAR, RGB: resolution, noise, and ambiguities levels.
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Figure � SEQ Figure \* ARABIC �1�: Coherence maps of Remningstorp forest: E-SAR airborne SAR (left) and three levels of coherence (resolution, noise and ambiguities), black: 0, white: 1.
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Figure � SEQ Figure \* ARABIC �3�: Forest height maps for Remningstorp and Mawas test sites, scaled 0 to 50m.
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