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Abstract. The AtlasCar is a prototype that is being developed at the University 

of Aveiro to research advanced driver assistance systems. The car is equipped 

with several sensors: 3D and 2D laser scanners, a stereo camera, inertial sensors 

and GPS. The combination of all these sensor data in useful representations is 

essential. Therefore, calibration is one of the first problems to tackle. This paper 

focuses on 3D/2D laser calibration. The proposed method uses a 3D Laser 

Range Finder (LRF) to produce a reference 3D point cloud containing a known 

calibration object. Manual input from the user and knowledge of the object ge-

ometry are used to register the 3D point cloud with the 2D Lasers. Experimental 

results with simulated and real data demonstrate the effectiveness of the pro-

posed calibration method.  
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1 INTRODUCTION 

Mobile platforms typically combine several data acquisition systems such as lasers, 

cameras and inertial systems. However the geometrical combination of the different 

sensors requires their calibration, at least, through the definition of the extrinsic pa-

rameters, i.e., the transformation matrices that register all sensors in the same coordi-

nate system. Geometric calibration is an active field of study due to its importance in 

sensor fusion. Several methods use cameras combined with laser range finders (LRF) 

and a chessboard pattern for calibration [1, 2]. Other approaches require the user to 

select key points in laser data in order to perform the calibration [3]. A more similar 

solution to the one proposed in this paper can be  found in Lisca, Pangyu and 

Nedevshi [4], where the calibration between a multi-line LRF and a stereo camera is 

obtained from the information of a known calibration object in the scene.  

This paper focuses on 3D/2D laser calibration  for the AtlasCar project, which is a 

prototype for research on Advanced Driver Assistance Systems [5]. The modified car 

includes several sensors as illustrated on Fig. 1.The 3D laser scanner is based on a 

modified 2D laser scanner originally proposed in Dias, Matos and Santos [6] and 

further modified to its actual configuration [7]. Besides the 3D laser, two 2D SICK 



LMS 151 lasers are mounted on the front bumper of the car. Other sensors are also 

available, although they will not be considered in this work. The actual calibration 

process of the AtlasCar sensors is based on manual measurements that are time con-

suming and prone to errors. Besides this, any accidental or deliberated change in the 

position of the sensors or the addition of a new laser forces a new time consuming 

manual calibration process.  

 

 
Fig. 1. –The AtlasCar. 

2 PROPOSED CALIBRATION PROCESS 

This section presents the calibration procedure used to register the 3D/2D lasers 

available. The proposed approach uses a static calibration object measured in the ac-

quired scene. However, the calibration process may use several calibration objects in 

the scene. The point cloud acquired by the 3D laser scanner is used as reference to 

calibrate the 2D laser scanners. A 3D point cloud simulator was also developed in 

order to evaluate the calibration algorithm.  

2.1 Calibration object 

The calibration object was selected having in mind the unambiguous determination 

of the position and orientation of the 2D laser footprints regarding the 3D point cloud. 

According to these requirements, a conic geometry is interesting since it removes 

ambiguity in height. The combination with a second cone provides enough infor-

mation to determine the orientation around the vertical axis. An intermediate plane 

was also added to keep the cones at a fixed distance and may be used in future work 

to allow camera calibration by adding visual patterns. A virtual representation of the 

calibration object is presented in section 3.2. 

2.2 Point cloud simulator 

The limited availability of the AtlasCar (demonstrations, repairs, mechanical modi-

fications) led to the development of a point cloud simulator module that allows the 
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creation of 2D and 3D point clouds by providing several parameters. The simulator 

also proved to be useful to evaluate the precision of the calibration process. 

The simulator uses a 3D polygonal mesh that can be either computer generated or 

based on real data acquired from the 3D sensors. Additional 3D objects can be added 

to the model, for example a calibration object model can be added to the scene at a 

given position and orientation. The user can then specify the parameters of the laser 

sensor and the simulator generates a new point cloud by intercepting laser rays with 

the configured polygonal mesh. Fig. 2 presents a simulated point cloud. 

   
Fig. 2. - (left) 2D (in red) and 3D simulated point cloud (points in grey); (right) detail of the 2D laser 

2.3 Calibration model detection and processing 

The process of calibration requires the user to specify the approximate position of 

the calibration object in the 3D point cloud. This is done by selecting a point in the 

center of the calibration object (red sphere in Fig. 3) and an additional point in the 

plane that is between the two cones (blue sphere in Fig. 3). 

 

 
Fig. 3. – Calibration object detection 

 

The selected points define approximately the center and orientation around the Z 

axis of the calibration object with respect to the 3D laser. The rotation around the 

other axes is not considered in this step since it is assumed that the calibration object 

is in a flat surface. The 3D data is then filtered using a bounding box based on the 

known object dimensions. With this process the 3D points belonging to the calibration 

object are extracted. Then a virtual calibration object is fit to the extracted data using 

the Iterative Closest Point [8]. The result of this fitting is a transformation matrix that 

moves the calibration object from the origin of the 3D point cloud reference system to 

the calculated position.  

2.4 Ellipse localization and reconstruction  

Having detected the position of the calibration object in the 3D data, it is now nec-

essary to do the same in the 2D data, in order to compute the transformation from the 

2D laser to the 3D laser. The cones in the calibration object produce two ellipse sec-

tions in the 2D laser data. The user selects two points per ellipse section as shown in 
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Fig. 4. The selection of these points allows the extraction of the points from the 2D 

laser data that belong to the ellipses. 

 

Fig. 4. - Points selection for ellipse reconstruction 

An ellipse fitting method is used  to find the ellipse parameters that best fit the ex-

tracted points according to minimum square errors [9]. For each ellipse, the algorithm 

returns the center, major and minor axis length and the angle between the major axis 

and the Y axis. An additional step is used to get the angle between the calibration 

object direction and the ellipse’s major axis as shown in Fig. 5. The final calibration 

angle is the one between the calibration object and the –Y axis. For the calculation of 

the calibration object direction, openCV is used to determine the vector that best fits 

the points on the plane of the calibration object. These points are automatically select-

ed based on the previous ellipses point selection, shown in Fig. 5. 

 

Fig. 5. – Ellipses obtained in the 2D laser 

2.5 Fitting the ellipse to the cone 

Geometrically, an ellipse has only one way to fit into a cone in terms of height and 

inclination. The only indetermination would be in the rotation angle around the verti-

cal axis of the cone, which is solved by the angle given by the ellipse reconstruction 

algorithm described above. Fig. 6 (left) presents a 2D triangle corresponding to a cut 

in the cone along the ellipse’s major axis. From this view, it is possible to retrieve the 



height and angle of the ellipse in the cone. Fig. 6 (right) shows a view of the ellipse 

that is used to retrieve the major and minor axis, both figures are related by the dis-

tance   . 

 

Fig. 6. – (left) cone’s cut along the major axis; (right) projection of the Ellipse 

From Fig. 6 we find:     
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A numeric approximation is used to solve equations (1) and (2), retrieving the 

height and inclination angle of the ellipse. These values combined with the ellipse 

orientation (section 2.4) define univocally the ellipse fitting in the cone.  

2.6 2D laser transform calculation  

From the analytical model of each ellipse, four points are computed in the intersec-

tions of the ellipse with the major and minor axes, as shown in Fig. 7. Hence, a total 

of eight points are obtained from the fitting of the ellipses to the 2D laser data (section 

2.4). Also, another eight points are obtained from the fitting of the ellipse to the cones 

in the calibration object (section 2.5).  Since this process is done for each ellipse, each 

calibration will provide 8 points in the 3D point cloud and the 3D laser cloud. Rigid 

body transform functionalities offered by VTK [10] are then used to compute the 

transformation matrix that best transforms those eight points from the 2D laser data 

into the eight transformed points in the 3D laser data. This transformation matrix 

corresponds to the 2D laser calibration matrix. 

 

Fig. 7. – Ellipse fitting in a cone in a tridimensional space 



3 EXPERIMENTAL RESULTS 

Several experiments were performed using simulated and real data to validate our 

approach. In these tests, the number of calibration objects used varies from one to 

three. In simulated data, the results were validated by comparing the known transfor-

mation with the computed one. In real data, since no ground truth is available, a visual 

evaluation was performed comparing the proposed calibration with the manual meth-

od that was used previously. 

3.1 Using the point cloud simulator  

The angular resolution of the 2D and 3D laser were defined to 0.25º, the same val-

ue used on the real lasers of the AtlasCar. All simulated results are based on a triangu-

lated model of a scene. Fig. 8 shows a simulation using three calibration objects. 

 

Fig. 8. – Simulated point cloud with three calibration objects included in a scene. 

With one calibration object on the scene, the mean distance between the calibration 

and ideal points was approximately 5 cm. With two calibration objects, the distance 

decreased to 0.17 cm and with three calibration objects, the mean distance drops to 

0.05 cm. In this last case, a visual analysis of the data cannot find differences from the 

ground truth and calibrated data. As expected, the presence of more calibration ob-

jects increases the accuracy of the proposed method. Fig. 9 shows a detail of the 

ground truth and calibrated data of a calibration using a single calibration object.  

 

Fig. 9. – Ground truth and calibrated 2D laser data comparison using one calibration object 

3.2 Using real data from the AtlasCar 

A real scale prototype of the calibration object was made to perform real data ac-

quisition (Fig. 10(left)). Fig. 10(right) shows the real acquisition site. To avoid the 
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construction of several calibration objects, we simulate various object locations by 

capturing several times the same scene with the calibration object in different posi-

tions. The several acquisitions were then merged into a single point cloud with the 

required number of calibration objects. Tests were made using three and four of these 

objects. 

 

     

Fig. 10. – (left) virtual calibration object; (center) - Calibration object; (right) - acquisition 

location 

The calibration process is analogous to the one described using simulated data. The 

results of the calibration using four calibration objects are shown in Fig. 11. In red we 

present the actual calibration based on manual measurements and in yellow the result 

using the calibration process. Visually we notice a notorious improvement in align-

ment with the 3D laser data in the case of the calibration method here presented (see 

Fig. 11(a) and (b)).  

The main limitation of the proposed process appears in Fig. 11(c). The resulting 

calibration (yellow) is rotated around the X axis. This is due to errors in the 2D fitting 

of the ellipses, related to the limited number of points available in the 2D point cloud 

(in some cases the fitting was computed with only 8 points per ellipse). 

 
 

(a) (b) 

 
(c) 

Fig. 11. – Results of the proposed calibration method in real data. (a) Detail of the scene;       

(b) Detail on the calibration objects; (c) Overview of the scene. 



4 CONCLUSION AND FUTURE WORK 

The proposed calibration process is capable of calibrating 2D to 3D laser with re-

sults that are clearly better than the previously existing manual calibration as verified 

in the real data experimental results. The main actual limitation is the estimation of 

rotation around the X axis related to the resolution of 2D laser (providing few points 

for ellipse fitting). Possible solutions for this problem are increasing the resolution of 

the 2D lasers to get more points for the ellipse fitting algorithm, and/or defining re-

strictions on the position, size and shape of the ellipse/object, minimizing the impact 

of estimation errors on the final calibration (for example considering that the car and 

calibration objects are all in the same plane and disregarding the angle around X axis). 

Future work also involves an automatic identification of the calibration object(s) 

either in the 2D or the 3D scene to reduce user interaction. Finally, the integration of 

camera calibration is planned, since the proposed calibration object allows the addi-

tion of camera calibration tools like the use of patterns (chessboard). All these mod-

ules can be added to the existing application that is a starting point for a fully inte-

grated calibration of all sensors available on the AtlasCar. 
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