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Abstract. This paper presents two new compact camera calibration methods: 

one is derived from a calibration pattern that consists of two planes orthogonal 

to each other; the other is derived from a calibration pattern that consists of 

three planar patterns which need not to be orthogonal. In particular, these 

methods allow to vary the intrinsic parameters of a camera. In order to demon-

strate the effectiveness of the proposed methods, two camera calibration meth-

ods are applied to an augmented reality system with a moving zoom lens cam-

era and a 3D reconstruction system respectively. Two applications have shown 

that the proposed methods are reliable. 

1   Introduction 

Camera calibration has been an active research topic, and there are many calibration 

methods [2, 6, 7, 9]. Recently Zhang has proposed a flexible camera calibration 

method [9]. The proposed method by Zhang consists of a linear equation, followed by 

a nonlinear refinement based on the maximum likelihood estimation [9]. If we adapt 

data normalization method proposed in [4], without a nonlinear iterative algorithm it 

can give a good calibration result.   It gives a merit of time saving and a compact 

linear equation to calibrate a camera. Hence we shall focus on the calibration method 

derived from a linear equation. A shortcoming of the calibration method proposed by 

Zhang is that the camera internal parameters must be fixed because it needs at least 

three planar patterns in three images respectively. Hence zoom in and out of a cam-

era is prohibited. This is a limitation because zoom changing is naturally to happen in 

many cases, for an example in a video sequence. In this paper we demonstrate that if 

three planar patterns in one image are observed, the shortcoming can be overcome. 

Furthermore, it is sufficient to calibrate a camera if two planar patterns in one image 

are orthogonal to each other. First a compact linear equation for camera calibration is 

derived using an orthogonal calibration pattern (see Fig. 1). Second the same linear 

equation to calibrate a camera is derived in the case that a calibration pattern which 

consists of three planar patterns which need not to be orthogonal (see Fig. 2). Theo-

retically, the linear equations proposed in this paper to calibrate a camera are the 
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same as that proposed by Zhang. But if we use the proposed methods, only one im-

age is enough to calibrate a camera, which allows to zoom in and out in sequence 

images. We note that in this paper radial lens distortion is ignored. Finally two cam-

era calibration methods are applied to an augmented reality system with a moving 

zoom lens camera and a 3D reconstruction system respectively in order to demon-

strate the effectiveness of the proposed methods. 

2   The Linear Equation for Camera Calibration Using an

     Orthogonal Pattern
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Fig 1. In this calibration pattern we need only 

two orthogonal planes, for an example <x,z> 

and <y,z> planes.

Fig 2. Three planar patterns in an image are suffi-

cient to calibrate a camera.

3 The Linear Equation for Camera Calibration Using Three

        Planar Patterns that need not to be Orthogonal
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Let . Since r  and || , we get the following two 

equations: 
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In the same way we can get homographies between the planes 3  and the corre-

sponding images respectively: H , H . We have the 

following four equations: 
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Hence the matrix K is obtained from the equations (4), (5), and (6) using the method 

mentioned in section 2.  

Algorithm: Camera Calibration Method 2 

1. Determine the homographies , which is proposed in [4, Chap. 3]. 
321 H,H,H

2. Compute the camera intrinsic matrix K  using the equation (4), (5), and (6). 

4 Application of Camera Calibration Method 1 to an Augmented 

Reality System 

There has been much research for augmented reality based on computer vision [1, 5, 

8]. These works assume that the internal parameters are fixed and try to compute the 

pose of the camera. But zoom changing is naturally to happen in a video sequence.  

The calibration method 1 gives a solution to overcome such a limitation, and   is ap-

plied to an augmented reality system. A sequence of images containing a box is ob-

tained from a moving zoom lens camera as shown in Fig. 3. This box instead of an 

orthogonal calibration pattern can be used to calibrate a camera in each image using 

the calibration method 1. In order to extract a control object, the chroma-key method 

is used. After the chroma-key process each image is converted to gray scale one. The 

edges of object region (the box) is extracted using the  Sobel edge detector.  

Fig 3: A sequence of images was taken by a moving zoom lens camera 
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Each optimized line is obtained from the points of each edge using the least square 

method. The corner points of the box are obtained from the intersection of the opti-

mized lines. The camera calibration is performed by the calibration method 1. Finally 

the virtual object is overlaid with each real image through the occlusion processing.  

The overall procedure is shown in Fig. 5.    

Fig 4: The earth, the computer generated image, inserted in each image, so that the generated images appear 

to be augmented like a part of the original scenes 
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Fig 5: Overall procedure of the augmented reality 

system

Fig 7: Overall procedure of the 3D reconstruction 

system using the proposed calibration method 2 

Fig. 4 shows that the earth, the virtual object, is overlaid with real images. The rolling 

motion of the earth in the box is computed from the orientation of the top plane.  
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5 Application of Camera Calibration Method 2 to a 3D 

Reconstruction System 

Two images of a bear puppet containing three planar patterns are taken by the same 

camera as shown in Fig 6. Each image is calibrated by the calibration method 2 using 

the three planar patterns.    

Fig 6: Two images of a bear puppet containing three planar patterns 

Fig. 7 shows the overall procedure of the 3D reconstruction system proposed in 

this paper. Four rendered views are shown in Fig. 8. 

Fig 8: Four rendered views of the reconstructed the bear puppet 

6   Conclusion 

 In this paper we have proposed two new compact calibration methods. We have 

applied two algorithms to the augmented reality system with a moving zoom lens 

camera and the 3D reconstruction system respectively, so as to test stability of the 

proposed algorithms. Two applications have shown that the proposed methods are 

reliable. 
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