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This technical report gives and introduction to the CSEM SwissRanger 2 camera (see fig. 1). The following sections give the user general information about the camera, the required software and how to perform camera calibration and data acquisition.
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Fig. 1: CSEM SwissRanger 2 camera.
General Information

The CSEM SwissRanger SR-2 range camera is based on the Time-Of-Flight principle and emits radio-frequency modulated light in the near-infrared spectrum, which is backscattered by the scene and detected by a CMOS CCD. The camera can deliver range and intensity images of 160x124 pixels with an active range of 7.5 m. and a frame rate of around 13 frames per second. The depth accuracy is typically in the order of a few centimeters, depending of the distance and illumination.
More information can be found in the official manual (E:\CSEM SwissRanger 2\Manuals\manual_1tap_v1_02.pdf).
Software
First of all the driver for the camera needs to be installed (E:\CSEM SwissRanger 2\Driver\SwissrangerSetup1.0.0.7). To test if everything is working as intended you might want to run the 3D demo (E:\CSEM SwissRanger 2\3D Demo\SR2_3D_demo_setup_1.75).
Matlab

The calibration and data acquisition software is written in Matlab and contains the following:
· Data Acquisition\

· acquire_main.m (main file for data acquisition)
· acquire_data.m (used by acquire_main.m)
· Data Calibration\

· calibrate_main.m (main file for calibration of the acquired data)
· input_dirs.txt (text file incl. locations/names of directories containing acquired data)
· input_files.txt (text file incl. file names of the acquired data)
· Data Visualization\

· show_data.m (simple data visualization functionality)
· SR2\

· main_calib.m (main file for camera calibration)
· *.m (sub-functions and more)
Calibration

The calibration is divided into to main steps: calibration of the camera and calibration of the acquired data. Obviously, the camera calibration needs to be carried out before acquisition while data calibration is performed on the particular data after acquisition.
Camera Calibration
The calibration eliminates the distance offset that occurs due to environmental conditions (camera position, temperature, light etc.), due to aging and due to nonlinearities across the full distance range. The offset value is specific for each camera pixel and may change over time even under the same measurement conditions. The calibration routine files these specific offset values. For each measurement the offset values are used to improve the distance data (z-value) as well as the x- and y-values. Five issues concerning the calibration are recommended to achieve the best camera performance:
1. To perform the calibration in the most relevant distance range (e.g. if most objects will be measured in a distance of around one meter, calibrate the camera in a distance of one meter, too).
2. To perform the calibration in the light conditions of the later measurements (In general no extra light is required for the distance measurements, since the camera illuminates the objects by its LED array).
3. To keep the time between calibration and measurements as short as possible to minimize effects of thermal drift.
4. To allow the camera before the calibration a minimum runtime of ten minutes to accumulate to the environmental conditions.
5. To repeat the calibration regularly.
During the calibration the camera is positioned towards a vertical, flat panel or wall. The flat surface is recorded and the distance offset for each pixel is saved in the calibration file. Also, the integration time is optimized. For the calibration, the distance between camera and wall has to be known (Needs to be set in the beginning of the main_calib.m file), and the light conditions have to stay constant. The calibration routine follows the steps:
· Starting the camera

· Setting the input data

· Getting a first image

· Setting the integration time

· Removing the camera tilt

· Calibrating the camera

· Writing the offset files
More information concerning the calibration and the Matlab calibration tool can be found in the official manual (E:\CSEM SwissRanger 2\Manuals\calibration_SR2_ver12.pdf). This manual takes the user through each of the described calibration steps.
Data Calibration
The Acquired data can easily be calibrated by running calibrate_main.m. This calibration step uses the parameters from the camera calibration and other known camera related data. The new calibrated video sequence(s) will be stored in a new folder, where the name of the folder is given as an argument.
Data Acquisition

During camera setup and acquisition the user should be aware of the following situation which can lead to incorrect distance measurement and corrupted data.

Lighting and Light Scattering

When the user acquires data of indoor scenes they should be aware of regions including intensive and direct sunlight. We have observed that such regions in the range data become noise full, and lead to falsified distance calculations.

Another problem that can lead to falsified distance calculations is light scattering from objects very close to the camera. Such objects reflect a large amount of light, and even a small percentage of light scattering caused by the optics can influence the distance measurement to targets reflecting little light.
Objects with High Velocity and Distance Gradients
The camera is controlled as a so-called 1-tap sensor. This means that in order to obtain distance information, four consecutive exposures have to be performed. If the distance a pixel “sees” changes in this time window, the distance calculation is falsified. Fast moving objects in the scene may therefore cause errors in the distance calculations. This error is inversely proportional to the frame rate. In practice, the distance error is best seen in regions of a scene that contain objects with high velocity and distance gradients. An example could be a fast moving hand or arm. The pixel could then see the hand/arm for the first two taps and the wall of the room for the last two. We have experienced such errors of people performing one- and two-arms gestures. In this case the edges of the moving arm are poorly defined and lead to incorrect distance measurement. Concretely, when visualizing the range data as a “3D point cloud”, the points origin from these regions were “stretching” backwards along the edges of the moving arm.
