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1. Introduction

This document reports on the methodology followed to post-process a set of terrestrial laser scans (TLS’s) of Antarctic sea ice obtained during the Sea Ice Physics & Ecosystem Experiment-2 (SIPEX-2) in September-November 2012. The post-processing steps include the registration of the individual scans into a single 3-dimensional point cloud, the removal of unwanted noise caused by particles in the air (i.e., snow crystals), and the final generation of surface grids based on the cleaned individual point returns. The final product includes the ‘xyz’ coordinates of the individual point measurements, and gridded surfaces covering study areas of 100m x 100 m, and at resolutions of 0.01 m, 0.1 m, 0.25 m, 0.5 m and 1 m for each of the survey dates. Additionally, subgrid statistics that include the mean elevation, standard deviation, minimum and maximum elevations, range, and number of point returns in each gridcell are generated. The final product is provided in space-delimited text files, with the surface grids provided in Digital Terrain Model (DTM) format ready for visualization in any GIS software.

2. Data and workflow

The data collected is registered and visualized with Leica’s proprietary software Cyclone, from which is exported to a ‘.pts’ file. Each line of the file represents one point: the 3 space coordinates xyz (6 decimals precision measured in meters) and the intensity i measured by the scanner. The data is then imported in MicroStation (4 decimals precision) and processed with Terrasolid plugins (TerraModel and Terrascan). The noise on the surface (e.g., snow crystals in the air during the scans) is removed by using both manual and algorithmic techniques. Two surfaces are generated after the cleaning process, which are then exported: the ground only (xyzi : xyz coordinates and intensity) and the ground plus the points defined as noise (cxyzi: class, xyz coordinates and intensity). The class “2” and “6” define the Ground class and the Building class, respectively. The Building class represents the points defined as noise (e.g., snow flakes in the air, points under the snow surface, flags used to delimit the study plots, boxes). The file with the ground only is then gridded to five different grid resolutions: 0.01 m, 0.10 m, 0.25 m, 0.50 m and 1.00 m. During this process subgrid statistics are generated for each gridcell. Description of the processing steps following registration is presented below.

3. Noise removal

Air noise is removed with two techniques: a manual classification by fence (Section 3.1) and algorithmic classification using several routines (Section 3.2). All points are initially defined as class Default and can be transferred in other classes predefined by Terrasolid (ground, low vegetation, medium vegetation, high vegetation, building, low point and model key points).

1.1. Classification by fence

The classification by fence tool changes the classes of points inside a fence. This technique has been used to initially remove the points in the air and unnecessary details such as the research vessel. To roughly remove the points in the air, a lateral view of the surface is taken and the points over the surface are fenced and exported in class Building (class 6). (Figure 1). In the surfaces of 20121020 and 20121023, slices of 10-20 m were used for isolating and removing points in the air close to the ground with higher accuracy.
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Figure 1. Removal of air noise by fence

Large unnecessary details such as the vessel are also isolated using a fence around the object on the vertical view ( Figure 2). In this case, the object is fenced and exported into a different class (e.g., Building class).
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Figure 2. Removal of the research vessel by fence.

1.2. Routines
1.2.1. By class routine
By class routine changes all points in a given class to another class (Figure 3). The routine is useful to transfer one class to another or just to manage the classes.

[image: image3.emf]
Figure 3. By class routine settings
1.2.2. Ground routine
Ground routine classifies ground points by iteratively building a triangulated surface model. The routine starts by selecting some local low points that can confidently be considered to be ground returns. The user controls the initial point selection with the Maximum building size parameter. If the Maximum building size is 60.0 m, the routine assumes that any 60 m by 60 m area will have at least one hit on the ground (provided there are points around different parts of the area) and that the lowest point is a ground return. The routine builds an initial model from the selected low points. Triangles in this initial model are mostly below the ground with only the vertices lying on the ground surface. The routine then iteratively incorporates new scanner points to the triangular surfaces, shifting the model upward closer to the ground surface. The parameters of iteration define how close a new point must be to a triangle plane to be classified as a ground point, after which the point can be added to the model. Iteration angle is the maximum angle between a point, its projection on triangle plane and the closest triangle vertex. The Iteration distance parameter ensures that the iteration does not make big jumps upwards when triangles are large. This helps to keep short buildings out of the ground model. Parameter values used are illustrated in Figure 4, and parameter values are shown in Table 1. The iteration angle was set to 30° or 35° for the sea ice surfaces. These setting help eliminate tripods and boxes lying on the snow surface while keeping the fine details. Some steep snow/ice blocks sometimes remain in the Default class thus they need to be manually classified by fence from Default (class 1) to Ground (class 2). In some instances, some tripods and boxes can be in the Ground class and need to be transferred via fencing from Ground to Building.
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Figure 4. Illustration of the parameters used in the Ground routine.

Table 1. Parameters used for the Ground routine.

	 From class
	Default

	 To class
	Ground

	 Select
	Aerial Low + Ground points

	 Max building size
	1 m

	 Terrain Angle
	90°

	 Iteration angle
	30°- 35°

	 Iteration distance
	0.1 m

	 Reduce iteration angle when...
	Off

	 Stop triangulation when...
	Off


1.2.3. Isolated points routine

The Isolated points routine is used to identify points that do not have many neighboring points within a search radius. This routine is useful for finding isolated points in the air above the surface. This routine is also used to remove remaining air points over scan shadow zones (zones with no data points) after the Ground routine has been run. Search radii between 0.3-1 m were used for spherical search areas with fewer than 1-20 neighboring points (see settings window in Figure 5). 
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Figure 5. Isolated points routine settings

1.3. Combination of manual and routine classifications

The classification tools described above were used to generate the final sea ice surface point clouds. The process consisted of a combination of all the described steps, with an initial classification by fence, followed by an iterative application of the Ground routine and the classification by class based on the resulting classes defined after the iterative process. A final step was necessary to remove additional unidentified objects by fence. A sample result of this process for the survey at the ice station 20121013 (YYYYMMDD) is shown in Figure 6.
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Figure 6. Point cloud of the ice station 20121013 (red: Building class, orange: Ground class). Note the red points due to the presence of “angel dust” during the time of the scans.
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Fig. 11: Point cloud of the ice station 20121013 after cleaning (orange: Ground class)
4. Ground Surface Gridding

The snow surfaces (Ground class) were gridded to 5 resolutions: 0.01 m, 0.10 m, 0.25 cm, 0.50 m and 1.00 m. The gridding is done by calculating the mean elevation of all points within a grid cell of a given size. Additional statistics were calculated for the points within each cell, including: minimum, maximum, range, and standard deviation. These results are the basis for the resulting gridded dataset.

5. Data File Organization

A dataset including the same file structure was generated for each survey date. The files are identified by the survey date as YYYYMMDD, indicating a four digit year (Y), two digit month (M) and 2 digit  day (D). The final dataset for each ice station includes the following files:

· YYYYMMDD_###cm.dat = DTM file (text format) for a grid size indicated by ###cm. The coordinates are aligned with the study area such that the origin is located at the lower left corner of the grid. Grid sizes of 1 cm, 10 cm, 25 cm, 50 cm, and 100 cm are included.

· YYYYMMDD _gridded_###cm_stats.txt = space delimited text file with the subgrid statistics for grid sizes of 1 cm, 10 cm, 25 cm, 50 cm, and 100 cm. The columns are organized as:

Column 1 = X (m)

Column 2 = Y (m)

Column 3 = mean_Z (m)

Column 4 = stdev_Z (m)

Column 5 = min_Z (m)

Column 6 = max_Z (m)

Column 7 = range_Z (m)

Column 8 = n_points_in_each_grid_cell

NaN = No data (e.g., gridcells with no point returns)
x- and y- coordinates correspond to the cell center

· YYYYMMDD _xyz.dat = space delimited text file with the full point cloud. The first line of the files is the column header. Note here that the point cloud data includes all the points captured, including the points outside the survey grids of 100 m by 100 m. The survey was design to maximize the points captures within this space, but the dataset provides the full extent of the data in case the full point cloud can provide additional information useful to other users.
