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Summary
Recent time of flight (TOF) cameras deliver range images (2.5D) in real-time, and can be considered as a significant improvement when compared to conventionnal (2D) cameras. However, the range map produced has only a limited
extent, and suffers from occlusions. Employing a network of TOF cameras allows to extend the field of view, by combining cameras with parallel view axes. Additionally, data loss due to occlusion can be reduced when imaging the
same scene from different viewpoints. Since the spatial resolution of current cameras is limited, photogrammetric calibration method known for conventionnal camera networks provide poor results. This poster presents a new calibration
method specially designed for TOF cameras. The calibration is based on matching a simple geometric primitive in different images. The geometric primitive is extracted automatically through a RANSAC (RANdom SAmple Consensus)
method. Once calibration is performed, the fusion of point clouds can take place in real-time (15fps).A first qualitative evaluation allowed to validate this calibration approach, which ouperforms photogrammetric calibration. A quantitative
evaluatiom of calibration performance is actually in progress. Possible appications for networks of TOF cameras are security and access control systems.

Time of flight camera : Swissranger

3D point cloud
S(i) = A(i) · eϕ(i)
c · ϕ(i)
r(i) = 4πf

TOF camera network

Each pixel of the depth map r (i, j) corresponds to a 3D
point (x, y, z).
f : camera
 focal length,
cx, cy : optical center position on sensor,
dx,y : pixel pitch in direction x, y .

Simultaneous acquisition with many
time of flight cameras.
The field of view is extended.
Data not measured due to occlusions
can be recovered.
Interference between devices must be
avoided.
Use different operation frequencies.
Use coded, orthogonal periodic
signals.
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The camera emits a sine signal, modulated at 20 MHz. Amplitude A and phase ϕ from
the returning signal are measured. Phase differences give time of flight and distance r.

Field of view extension with
2 cameras operating at 20
MHz and 21 MHz.
Color image

Amplitude image A (i, j)

Depth image r (i, j)

Calibration - Goal

Calibration - Photogrammetric approach

Considering 2 cameras C0 and C1, producing pouitn clouds P0 and P1.
One linear transformation TC0,C1 expesses the coordinates transform between camera
C0 and camera C1.
Focal length is same for each camera, so magnification is fixed.
TC0,C1 can be expressed as a combination of a translation T (displacement between
the two camera centers) and a rotation R (rotation of the view axis).
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A known target is identified in a large number
of image pairs.
For each image, the pose of the target is
estimated.
Intrinsic camera parameters are evaluated ( focal length, optical center position, distortion).
Extrinsic parameters are computed by minimizing the position difference for the target in
all image pairs.

SR-3100 (sn : 097027)
Parameter MESA
calib.
f [mm]
8.0 ±n.a. 8.04 ±0.23
cx
85.0 ±n.a. 83.5 ± 4.7
cy
76.7 ±n.a. 80.3 ± 5.4
SR-3000 (sn : 296012)
Parameter MESA
calib.
f [mm]
8.0 ±n.a. 7.98 ±0.26
cx
95.1 ±n.a. 93.8 ± 5.2
cy
56.3 ±n.a. 51.6 ± 5.9

Calibration - Matching of geometric primitives

Results
Qualitative evaluation : point cloud observation after fusion :
Photogrammetry :
Cam.0

Planar primitives are extracted with RANSAC algorithm

Geometric primitives :
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x0,n
Rxx0 Rxy0 Rxz0
x0
 y0,n  =  Ryx0 Ryy0 Ryz0  ·  y0 
z0,n
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z0

Depth

Calibration employing geometric primitives is more reliable.
Quantitative evaluation : measure the position difference for a point target :

x1,n
Rxx1 Rxy1 Rxz1
x1
 y1,n  =  Ryx1 Ryy1 Ryz1  ·  y1 
z1,n
Rzx1 Rzy1 Rzz1
z1

Manual matching of 10 control points to determine translation
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Station
1
2
3
4
5
6
Avg std
∆x [mm] +46.3 +70.2 +32.8 +56.7 +49.0 -09.6 +40.9 27.6
∆y [mm] +65.2 +60.3 +61.9 +76.4 +39.0 +32.1 +55.8 16.8
∆z [mm] +13.9 +02.1 +18.1 +20.4 +40.8 +64.4 +26.6 22.4
The accuracy of calibration using geometric primitives is in the order of
50 mm in each direction.

Conclusions
For a TOF camera network, photogrammetric calibration fails due to the coarse sampling. A calibration method based on mathcing planar primitives obtained through a RANSAC algorithm allows to obtain a better quality fused point
cloud. Then the field of view can be extended, and uncertainties caused to occlusions can be removed . Preliminary results indicate that the calibration accuracy is around 50 mm. Work is still in progress to validate this result on a larger
panel of experimental situations. Further work should focus on extending the algorithm to global registratino of more than two cameras, in order to go beyond the pairwise registration presented here.While calibration is performed offline,
combination of point clouds can be carried out in real time (15 − 20 fps). For two sensors, rendering of the fused cloud can also take place in real time. This may change in networks with a large number of cameras.
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