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ABSTRACT: Terrain makes overlay, shadows effects on microwave reflectance and causes geometric and radiometric distortions on SAR(Synthetic Aperture Radar) images. This matter makes problem in applying SAR image in Taiwan’s mountain area, especially in the application of extraction of forest biophysical parameters.  The paper presents a process of geometric and radiometric correction of SAR images. The main step is generating a simulation image by DEM and the SAR system parameters using Range-Doppler algorithm, and created a new fusion image with simulated and reference optical image.  The fusion image becomes a now base-image which show the detail of geometric and radiometric distortions. With this image, we make better rectification with accurate position of ground control points and radiometric correction based on the local emphasizing brightness. The final corrected and rectified image allows users to extract higher accuracy remotely sensed variables for further analysis.
1. INTRODUCTION
In order to overlaying SAR image to other thematic map, the SAR image should be orthorectified to a generate coordination system. However, original SAR image has many geometric distortions needed to be corrected.  Radar system imaging by side looking the target, it sends pulses to the target and sensing the distance.  This observation mode will cause geometric distortions such as compression in the near range of the image features.  Correcting this geometric distortion, it must transfer the image from slant range (distance from radar to grand target) to ground range(actual distance on the ground)

2.  IMAGE SIMULATOIN FOR GEOMETRIC CORRECTION
2.1 Geometric distortion by terrain effects

SAR image is distance-analytical imaging that sort signal in chronological order.  Shorter the distance from the target object to antenna, sooner the object be detected.  Rugged mountain enhance these effects and cause obvious geometric distortion in SAR image.  The distortions including  fore shortening,  layover, and shadow(Fig 1):

A. Fore Shortening

When the angle of facing slope, α,  is  smaller than the angle between radar beam and observation area, θ, (α <θ),  distance of the fore-slope in radar image is shorter than the real distance in the slope’s ground projection distance. It is called Fore Shortening.  Higher the local incline angle,  larger the fore shortening effect.  Entire front slope will reduced to a dot when  α = θ.  It is called the complete froe shortening.

B. Layover

When the angle of a facing slope, α, is greater than the angle between radar beam and observation area, θ, (α> θ).  Signal in hill top is been detected before early than the signal located on slope bottom. Due to early and lately imaging time, signals in fill top and slope bottom imaging will flip. It is called layover. 

C. Shadow

When angle of a back slope, α, is greater than the angle radar beam, θ, (α> θ), back slope’s radar signal is blocked by fore slope. This area is called shadow area and shows dark color in the image. 
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Fig 1. Radar Imaging Schematic maps (Alaska SAR Facility,1993)
B. Shortening.  C. Layover D. Shadow
2.2 Formulation of SAR Image Simulation
According to SAR imaging geometry model, when given the sensor position and velocity vectors S = {Sx, Sy, Sz) and Vs, representatively; and the target DEM coordinates P = {Px, Py, Pz,),  and the velocity vector Vp, relationship between ground point and image point is: 

Distance equation ：  (Sx-Px)2 + (Sy-Py)2 + (Sz-Pz)2   = Rs2
Doppler equation：
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Where λ is the wavelength of the radar, Rs, and fDC are slant range and Doppler center frequency.
Calculation procedure is started from position at of a given point P on DEM. After many iterations, one can find solution Doppler equation along the satellite orbit, the best vector(S) on satellite position coordinates, and the slope distance Rs from the distance equation. In the case of a known orbit equation, we can estimate orientation time ta which corresponding to S. Following the procedure, we can transport the slant range and azimuth time to image coordination. 

SAR’s radiation is also calculated by radar equation. Radar equation describes the relationship between the energy received by antenna and the system parameters. That include transmit power, antenna gain, antenna position relative to the target, and the scattering characteristics of the target object. For the distribution of the target, the equation is:
Radiation equation：
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Where Pr is the received power of radar, K is parameter depended on different systems, A is the area of ​​the target object, σo (θ) is the backscatter coefficient, θ is the local angle of incidence. 
According to the above geometric and radiation equations, SAR simulation can be calculated with following procedure. 1. Satellite attitude parameter is used for fitting satellite orbit, direction of flight parameter is for DEM rotation, transpose, and oversampling conversion. 2. From these conversion we can estimate the corresponding position and distance direction of a given DEM coordinate. The position also provides information for appropriate analogy to the scattering model. 

3. TERRAIN CORRECTED RADIOMETRIC 
Radar system scanning target at a constant angle of incidence antenna, but slope and aspect make the local incidence angles changing in difference place.  Beside the geometric distortion caused by foreshortening and layover, local terrain induces the change in the area of radiometric scattering, radar brightness,  or backscattering coefficient σo. Rugged terrain in mountain enhances the effect. Large incidence angle reduce the value ofσo and smaller angle cause a less sensitivity of  σo. 
A projection angle ψ is suggested to calculate scattering area for terrain effect correction (Ulander ,1996).   ψ is defined as the smallest include angle between slope normal and SAR image plane normal(Fig.1) and ψ can be calculated as：
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where θ is the angle of incidence of  SAR, u and v are slope and aspect of slope surface.

The corrected backscatter coefficient, σo, can be calculated by the produce of cosine of projection angle and radar brightness βo：

σo = βo cosψ
In comparison the results with other correction methods based on geometric formation, the projection angle approach is considered better than other (Small,1998, Loew ,2007). 
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Figure 1.  RIGHT:slope and three-dimensional geometry of SAR images. LEFT: u, v, θ relationship diagram  (Ulander, 1996)
4. RESULTS AND DISCUSSION
4.1 Study Area and Data

Luanda forest area located in middle Taiwan is selected to test the correction process. The study area has range of elevation from 232 to 3615 meters and average slope of 34.5º.  Major land-cover is broadleaf-conifer mixed forest.  Data collected for the simulation includes digital elevation model(DEM, an optical (SPOT) image. Satellite attitude parameter of yaw, roll, pitch and coordinate of image corner is adopted from a scene of Radarsat 2 image. This SAR image also service of result comparison. 
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Fig. 2. DEM, optical and SAR images of the test area

4.2 Geometric Correction and Accuracy Assessment
A simulation image is calculated(Fig.3) . The image’s coordinate is calculated by attitude parameter and the DEM data, and image’s brightness is adopted from the optical image in same geo-coordinates. Image shows there is obvious geometric distortion in mountain area. Fore-slope shows image compression, and back-slope shows image elongation. Ridgelines are discontinue in junction point that make difficulty of visual interpretation and causing error in selecting ground control points. In comparison of accuracy of geometric rectification, 10 visual-selected   points are picked for image rectification. RMS is 14.83 m in X-direction, 5.093 m in Y-direction, total RMS is 10.63 m. These GCPs is also applied in simulation image to calculate their image X/Y coordinates for established the rectification equation. The RMS using simulation image is 3.48 m in X-direction, and 0.63 m in Y-direction, total RMS is 2.04 m.  Result shows error in X direction is greater than in the Y direction that may be affected by the terrain effect. However, with aid of the simulation, it is easy to fine GCPs and get a more accuracy result.
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Ortho Image
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Simulated image
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Ortho Image(enlarged)
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Simulated image(enlarged)


Fig. 3. Ortho image and simulated images

4.3 Radiometric Correction and the Effect Evalutaion

Radiometric correction with the local projection angle(Ψ) is applied to the SAR image. Fig 4 shows beta nought(radar brightness), sigma nought(backscattering coefficient), and calculated sigm(beta*cos(Ψ)) in an enlarged area. Ridgeline(black) and streamline(white blue) area show also for identify the slope directions.
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	Beta nought
	Sigma nought
	Sigma’=Beta*cos(ψ)


Fig. 4.Comparison of Beta, Sigma, and project angle corrected Sigma
It can be found that distortion effect is occulted in whole slope with same aspect (or incident angle) in original beta nought image, and it is mixed in the sigma nought image. Sigma nought is estimated by beta nought with SAR inclined angle. Theoretically, it can eliminates the inclined angle induced error. However, the result image of local projection angle correction makes a better result than beta nought. Standard deviation of the beta, sigma, and beta*cos(ψ)images are 0.35, 0.27, and 0.18, which also provides that local projection angle method make improve in reducing total diversity.
5. CONCLUTION

Geometric and radiometric terrain correction method for SAR images was test in this study. The geometric correction is based on a simulation image that estimates the corresponding coordinate in SAR image of a geo-referenced map with reference DEM. With this simulated image, one can establishes pairs of ground control points both in maps and images, and then to build the rectification equation of the SAR image. After rectification processing, the SAR image can corrects its backscattering coefficient by local projection angle, derived from SAR inclined angle and surface slope/aspect. Results show that the two types of correction method reducing geometric distortion and data diversity.

Further improvement of the methods is considering the local surface effects on fore shortening and layover.  Simulation map provides a possible way to evaluate portions of brightness spread or focused to nearby pixels. Recalculated brightness by the ratio might obtain a more visible map for interpretation.
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