S2 Text: Detailed TLS data post-processing 

TLS data were processed in the RIEGL RISCAN Pro software.  The following processing tasks were carried out on each scan project (i.e., a set of four orthogonal scans) for both leaf-on and leaf-off scans.  Red-green-blue (RGB) color is assigned to each point from photos collected by the DSLR camera mounted on top of the TLS using the 'Apply Color' tool.  For optimal color fusion, the user must manually refine the calibration between the laser and camera optical centers by identifying matching tiepoints between an image of the laser scan and the color images at common locations, e.g., easily identifiable corners, reflective targets, etc.  The software then automatically applies color from the images to each TLS laser point by using the refined calibration to map the color image pixel corresponding to the same location in the laser scan.  Next, each set of four orthogonal TLS scans within a scan project were co-registered into the same 3D point cloud.  During scanning in the field, an automated target searching function is used while the scanner is still set up at each scan location.  Using this function, the scanner can automatically find, or be manually guided by user interaction, the location of the reflective targets placed within the scene.  The scanner then repeatedly scans the targets at a very high resolution (< 0.001 m) to refine target location in 3D space.  The refined target locations are then stored within the scan project for automated co-registration in the lab.  The automated co-registration process attempts to align the scans together by determining the correct pairing of target locations that minimizes residual error across all target pairings based on rotating and translating the point cloud scans in 3D space relative to a single scan, i.e., applying rotation and translation factors along each X, Y, and Z axis.  The point clouds are then merged into a common coordinate system based on the optimal rotation and translation factors.  The merged RGB point cloud is then manually cropped by the user to include only the area of the single tree and exported as an XYZRGB ASCII text file.  
The TLS point clouds were also filtered to include just the points corresponding to the red targets to facilitate further analysis.  Filtering was carried out using built in tools in RiScan Pro and was based on identifying the range of returned laser energy that best corresponded to the targets.  Prior research has found that the amplitude values of TLS scans can be used to classify point clouds based on the type of material that is scanned, e.g., green leaf material vs. bark and branches.   This was done by first manually segmenting the point cloud to only points of a single target and calculating the range of amplitudes of reflected energy for that target.  This amplitude range was then used as the filtering threshold for segmenting targets from the entire point cloud.  Segmented point clouds of targets only were then exported as XYZRGB ASCII text files.    
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