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A new extrinsic calibration method of a display-camera system that the display is 

not in the direct view of the camera is proposed. An annular planar mirror is used so that 

the camera can capture the virtual image of the display. The position of the mirror can be 

obtained after outer circle is detected. The position parameters are determined uniquely 

by putting two orthogonal lines in the background and optimized by re-projecting the in-

ner circle to the image plane. The display pixels are encoded using gray code and its im-

aging position in the mirror can be obtained by solving the PnP problem. Finally, the real 

extrinsic parameters between the camera and the display are obtained according to the 

mirror imaging principle. The annular mirror and the orthogonal lines used in our method 

can be automatically detected. So compared with other existing methods, our approach is 

simple and fully automatic without any manual intervention. The mirror only needs to be 

fixed at one position and the degenerate case using a common planar mirror is avoided. 

Both simulation and real experiments validate our approach. 

 

Keywords: display-camera system, extrinsic calibration, annular mirror, ellipse and line 

detection 

1. INTRODUCTION 

Nowadays personal electronic products with a display or a screen (e.g. personal 

computers, smart phones) are widely used in our everyday life. These electronics often 

come with a common peripheral device – a camera. A display together with a camera can 

form a system that enable a wide range of compute vision applications.  

One of most frequently encountered applications is vision-based human-computer 

interaction. The user can control the computer by simply pointing towards the display, 

looking at certain areas, or making gestures which can be observed by the camera. Chen 

et al.[1] presented a real-time tracking technique for an auto-stereoscopic display system 

which can provide user great enjoyment of stereo visualization without the uncomforta-

ble and inconvenient drawbacks of wearing stereo glasses. The user can move freely in 

front of the display while a camera captures the images of the user and the positions of 

the user’s eyes are tracked. Gorodnichy and Roth[2] described techniques for tracking a 

face using a convex-shape nose feature as well as for face-tracking with two off-the-shelf 

cameras allow one to track faces robustly and precisely in both 2D and 3D with low res-

olution cameras on top of a computer display. 
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Another popular application developed in recent years is that a display-camera sys-

tem is used as a controlled illumination setup for 3D shape acquisition (e.g. specular 

surface measurement). The display is used as a planar illuminant while the camera cap-

tures images reflected by the specular surface. Various patterns can be projected on the 

display conveniently. Tarini et al. [3] used a still camera and a color monitor to produce 

range scan of the mirror object. The monitor displayed an improved environment matte, 

using the interference of patterns with different frequencies to obtain sub-pixel accuracy. 

The matter was converted into a normal and a depth map by exploiting the 

self-coherence of a mirror surface. Their experiment result showed very high accuracy 

for even smallest surface details. Francken et al. [4] proposed a fast normal map acquisi-

tion using an LCD screen emitting gradient patterns. The LCD screen was employed as a 

linearly polarized light source emitting gradient patterns, whereas the camera was used to 

capture the incident illumination reflected off the scanned object’s surface. Funk and 

Yang [5] apply a photometric stereo technique using display illumination to reconstruct 

lambertian surfaces. Balzer et al. [6] combined a camera and an LCD display together 

and mounted them to a robot’s gripper. The shape of a large mirror surface was modeled 

after the robot’s gripper moved to multiple positions. Liu et al. [7] also used a camera 

and an LCD display to measure a mirror surface. But their experiment only need the 

camera and display fixed in one position and the shape of the mirror surface was recon-

structed from a single image. In recent years, many other methods [8~12] are developed 

for specular surface measurement using one or more cameras and an LCD display. 

The setup used in the previously described works generally requires knowledge of 

the posture and position of the display with respect to the camera. If the camera faces the 

display directly, the calibration is simple: project a chess pattern on the display and solve 

the PnP problem with the intrinsic parameter of the camera already calibrated. Unfortu-

nately, the display is not in the view of the camera in most of the applications. In these 

cases a mirror is often applied to reflect the display so that the camera can capture its 

images. To determine the pose and position of the display in the camera coordinate sys-

tem, the position of the mirror is generally needed to be known.  

To obtain the posture and position of the mirror directly and precisely, an annular 

planar mirror with known outer and inner radiuses is used in our calibration. The outer 

circle of the mirror is used to estimate the parameters of the mirror plane and the inner 

one is used to optimize the parameters. Two orthogonal lines in the plane which is paral-

lel to the mirror are utilized to eliminate the ambiguity of the parameters of the mirror 

plane. Compared with the existing methods, the main contributions of our work are: 

(1) Our approach is simple and fully automatic without any manual interaction. 

(2) The mirror is only needed to be placed at one position to accomplish the cali-

bration, avoiding the degenerate cases using a common planar mirror. 

(3) The annular mirror used in our calibration is easy to manufacture than a spheri-

cal one which makes the method more practical.  

The rest of the paper is organized as follows. We briefly review related works in 

section 2. Then we propose the method for pose estimation of the annular mirror in sec-

tion 3. In section 4 we describe how to encode the pixels of the display and compute the 

real rotation and translation matrix between the camera and display. We show simulation 

and real experiment results in section 5 and conclude this paper in section 6. 
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2. RELATED WORK 

In this section we will provide a brief overview of the existing methods for dis-

play-camera calibration where the display is not in the direct view of the camera. To our 

best knowledge, there are few works which introduce this type of calibration. But the 

display-camera calibration can be regarded as a camera extrinsic calibration without a 

direct view of the reference object. Any similar method can be used to implement the 

calibration work. 

According to the different shapes of mirrors used in the calibration, these methods 

can be roughly divided into three classes: method based on a planar mirror [5, 13~16], 

method based on a spherical mirror [17~19] and method based on an arbitrary shape 

mirror [20, 21].  

Planar mirror: Funk and Yang [5] determines the display’s position with respect 

to the camera by pasting a chess pattern to a planar mirror. The position of planar mirror 

was determines with the help of the chess pattern. But the drawback of this method is 

obvious: the thickness of the pattern has to be known precisely or to be negligible. Oth-

erwise unwanted inaccuracies would be introduced into the calibration result. Kumar et 

al. [13] also uses a planar mirror to calibrate the cameras without overlapping fields of 

view. The mirror is moved to at least five positions and the constraints according to the 

relationship between a mirrored pose and the real pose of a camera were used to compute 

the positions of the mirror. The rotation and translation matrices of the camera with re-

spect to the reference pattern are obtained because that the camera’s position is fixed. 

Takahashi et al. [16] develops a new mirror-based extrinsic camera calibration method 

using an orthogonality constraint. Only three unknown 3D reference points and three 

different unknown poses of the mirror are needed in the calibration. But these methods 

using a planar mirror have a common drawback. If the two positions of the mirror are 

parallel or all the positions intersect in a single line, there exist degenerate or singular 

configurations. In these cases previous methods would not work.  

Spherical mirror: A spherical mirror can avoid this drawback of using a planar 

one. Francken et al. [17, 18] employs a spherical mirror to render the display visible. The 

mirror needs to be move to two positions. Robust detection of display reflections is 

achieved by employing a sophisticated masking approach. Agrawal [19] proves that only 

one single reflection in a spherical mirror of known radius is needed to estimate the ex-

trinsic parameters of a camera with respect to a reference 3D object without a direct view. 

But the author also points out that the calibration accuracy depends on the radius of the 

mirror. A larger mirror will perform better than a smaller one but difficult to manufac-

ture.  

Arbitrary shape mirror: Liu et al. [20] estimate the pose of the display using the 

reflection of an arbitrary specular surface. The display is moved to three positions and 

the same point on the display will form two incident rays. A closed form solution for 

recovering the poses of the display relative to its initial pose by enforcing a ray incidence 

constraint on the incident rays and visual rays, which simultaneously results in the shape 

of the specular surface. Furthermore, Nitschke et al. [21] utilize the reflection of the eye 

ball to calibrate the display and the camera. However, the method is just used in 

non-professional environments because of its poor accuracy. 

We use an annular planar mirror which is easy to manufacture than a spherical one. 
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The position of the mirror in the camera coordinate system can be directly obtained when 

the outer and inner radiuses are known and two orthogonal lines are put in the back-

ground to eliminate ambiguity of the parameter of the mirror plane. Our method avoids 

the degenerate cases of using a common planar mirror and has higher accuracy than us-

ing a spherical mirror. The simulation and real calibration experiments show the availa-

bility. 

3. ANNULAR MIRROR POSITION ESTIMATION 

3.1 Annular Mirror Based Extrinsic Calibration 

 

The annular mirror used in our calibration is also planar. If a planar mirror is placed 

in front of a camera and a display, the geometric relationship of them three is shown in 

Fig. 1(a). The pinhole model of the camera is used in our calibration. The original point 

of the coordinate system is set at optical center of the camera and the original point of the 

world coordinate is set at the top-left of the display. The camera and the display will be 

mirror-symmetrical with their virtual images. The imaged camera is left-handed if the 

original camera is right-handed. So if the positions of the mirror and the imaged display 

are known, we can obtain the real position of the display with respect to the camera. We 

use an annular mirror to accomplish the calibration (see Fig. 1(b)). The outer and inner 

radiuses of the mirror are Re and re respectively. The normal of the mirror is n and its 

center is C. The relationship between the display and camera can be described by using 

rotation matrix R and translation vector T. 
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(a)                                (b) 

Fig.1. (a) Calibration using a planar mirror and (b) an annular mirror  

 
3.2 Position Estimation of the Annular Mirror 

 

A camera can be calibrated using two circles from one single view [22]. The posi-

tion of the circle plane can also be obtained during the calibration. A circle is projected 

to the image plane as an ellipse in general cases. If we use an annular mirror to calibrate 

the display-camera system, the projection of the mirror will be two ellipses in the image. 
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The two ellipses can be detected easily using any detection method [23]. 

Only considering the outer circle of the annular mirror, a bundle of straight lines 

passing through the optical center of the camera and the points of its imaged ellipse will 

form an oblique cone (see Fig. 2). If the general equation of the ellipse in the image 

plane is: 
2 2 0ax by cx dy exy g        (1) 
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Fig.2. Image of the outer circle of the mirror  

It can also be described as a matrix form: 

2 2

( 1) 2 2 0

2 2 1

a e c x

x y e b d y

c d g

  
  

  
  
  

  (2) 

If the focal length of the camera is f, then the image plane in the camera coordinate 

system can be expressed by z f . So the oblique cone surface can be expressed as: 

( , , )Tk x y fS   (3) 

where k is a scale factor which describes the depth from the coordinate origin to the point 

on the oblique cone. The equation of the cone can be expressed in a matrix form: 

0T S QS   (4) 

where 

2

2 2

2 2

2 2

a e c f

e b d f

c f d f g f

 
 

  
 
 

Q   (5)  

We define a new coordinate system ' ' 'o x y z  whose original point is still at the 

camera optical center o and the z’-axis is perpendicular to the mirror plane. If the radius 

of outer circle is Re and the center point is 
' ' '

0 0 0( , , )x y z  in the 
' ' 'o x y z  coordinate 

system, the equation of the mirror will be: 
' ' 2 ' ' 2

0 0

' '

0

( ) ( ) ex x y y R

z z

    



  (6) 



SHENGPENG FU, JIBIN ZHAO, RENBO XIA AND WEIJUN LIU 

 

214 

 

x

y

o

z

Image 

plane

Circular mirror

'x

'y

'z Mirror plane

n

 

Fig.3. Coordinate system transformation 

Similarly to Eq. (4), we can derive the equation of the oblique cone in ' ' 'o x y z  

coordinate system: 
' ' ' 0T S Q S   (7) 

where  
'

0 0

' '

0 0

' ' ' 2 2 2 '2

0 0 0 0 0 0 0

1 0 '

0 1 '

' ' ( ' )e

x z

y z

x z y z x y R z

 
 

  
     

Q  (8) 

Since the two coordinate systems have the same original point, there is only a rota-

tion transform between them. Although in different coordinate systems, the oblique cone 

S and '
S are still the same one. Assuming the rotation matrix is R, we have 

'S RS   (9) 
From Eq. (4) (7) and (9), we have: 

' ' ' '( ) ( )T T TRS Q RS S RQRS   (10) 

thus 
'RQR Q   (11) 

If we describe Q as: 
TQ VΛV   (12) 

where  1 2 3, ,V diag    ( 1 2 3, ,   are the eigenvalues of Q), and V is the normalized 

eigen-matrix. Substituting Eq. (12) in Eq. (11), we have 
' ' 'R ΛR Q   (13) 

where 

1 2 3

'

1 2 3

1 2 3

x x x

T

y y y

z z z

r r r

r r r

r r r

 
 

   
 
 

R V R   (14) 

Thus we get the following equation set 
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2 2 2 2 2 2

1 1 2 2 1 2 3 1 2

1 1 2 2 1 2 3 1 2
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Without losing generality, we assume that 

1 2

1 3

1 2

0

0

 

 

 

 



 

  (16) 

Since ' R R I , we simply Eq. (15) and express R as 

1 2

1

1 2 2 1

cos sin

sin cos 0

cos sin
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s

s s h s h s j

 

 

 

 
 

  
  

R   (17) 

Where  is a free value, 1s and 2s  are undetermined signs, and 

2 3 1 3

1 2 1 3

( ) ( )

( ) ( )

j

h

   

   

   


  

  (18) 

By substituting Eq. (17) in Eq. (13), we get 
2 '2 2

0 1 3 2

' '

0 0 2 1 2 2 3 2

' '

0 0 1 2 1 2 2 3 2

( )( ) cos

( )( ) sin

r z

x z s

y z s s

  

     

     

  


   


   

 (19) 

Let n be the normal of the mirror plane. Because n is parallel to the 'z -axis and 

from Eq. (9) (14) (19) we can derive the center C and the normal n of the mirror plane in 

the camera coordinate system o-xyz: 

' '

0 2 0 3 1 2 2 1 3

'

0

' '
0 1 0 1 2 3 2 1 3

0

x s z

y

z s z

     

     

    
  

    
         

C VR V  (20) 

2 1 2 1 3

1 2 3 1 3

0

0 0

1

s

s

   

   

   
  

    
         

n VR V  (21) 

Since the mirror plane is in front of the camera, the value of '

0z is positive. We let 

the normal n face to the camera. Then we have 
'

0 2 1 3

(0,0,1) 0

(0,0,1)C 0

z r    



 


n   (22) 

Now there is only one sign is undetermined in Eq. (20) and (21). So we can obtain 

two sets of solutions of the normal vector n and center point C. In the next section, we 

will describe how to determine the unique of the solution. 

 

3.3 Unique of the Mirror Plane 
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Since the previous section gives two solutions of the mirror plane, we should elim-

inate the invalid one. Assuming there are two straight lines which are orthogonal to each 

other on a parallel plane of the mirror, we can get an image of the two lines as shown in 

Fig. 4. 

L1 and L2 are two lines which are orthogonal to each other. l1 and l2 are their images 

respectively. The point o and the line L1 will determine a plane 1 . The line l1 will be on 

the plane 1 . Similarly, there is a plane 2  passing the point o and the lines L2, l2. Be-

cause L1 and L2 are orthogonal, 90  . The mirror plane is denoted by .  

x
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2l

1l

1
2



Mirror plane



 

Fig. 4. Two planes created by two orthogonal lines  

The line l1 and l2 on the image plane can be automatically detected. If the equation 

of the two lines are 

1 1 1 1: 0l a x b y c     (23) 

2 2 2 2: 0l a x b y c     (24) 

and if the focal length of the camera is f, the equations of the two lines in the camera 

coordinate are 

1 1 1

1

0
:

a x b y c
l

z f

  



  (25) 

2 2 2

2

0
:

a x b y c
l

z f

  



  (26) 

Therefore the equations of plane 1 and 2 are 

1

1 1 1: 0
c

a x b y z
f

      (27) 

2

2 2 2: 0
c

a x b y z
f

      (28) 
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Since the normal of mirror plane
1 2 3( , , )n n nn and the center of the mir-

ror 0 0 0( , , )x y zC are derived in section xx, the mirror plane can be expressed as 

1 0 2 0 3 0: ( ) ( ) ( ) 0n x x n y y n z z        (29) 

The intersection line of 1 and is L1. Similarly, L2 is the intersection lines of 2  and 

 . Then we can obtain the equations of lines L1 and L2 

1 0 1 1 1 0 1 1

1 0

1 1

:
N x b k N y a k

L z
L M

 
    (30) 

2 0 2 2 2 0 2 2

2 0

2 2

:
N x b k N y a k

L z
L M

 
    (31) 

where  

1 1 3 1 2L b n c n  , 2 2 3 2 2L b n c n  , 

1 1 1 1 3M c n a n  , 2 2 1 2 3M c n a n  , 

1 1 2 1 1N a n b n  2 1 2 2 1N a n b n   

1 1 0 2 0 3 0k n x n y n z    , 2 1 0 2 0 3 0k n x n y n z     

The normal of L1 and L2 can be expressed as 

1 1 1 1( , , )m L M N and 2 2 2 2( , , )m L M N , then the cosine value of the angle between L1 

and L2 is 

1 2

1 2

cos
m m

m m
    (32) 

Since 90  , then  

1 2

1 2

0
m m

m m
   (33) 

We obtain two solutions of the mirror plane in section 3.2. Substituting the two solutions 

to Eq. (33), we can determine the real solution uniquely [24]. 

 

3.4 Parameters Optimization 

 

The inner circle of the annular mirror is on the same plane and has the same center 

as the outer one. Similarly we can utilize the inner circle to compute the normal and the 

center of the mirror plane by the method in section 3.2 and 3.3. Here we use it to opti-

mize the parameters obtained through the outer one.  

Since the normal of the mirror plane 1 2 3( , , )n n nn and the center of the mirror 

0 0 0( , , )C x y z have been obtained, we have the equation of the inner circle 

2

0 0 0

1 2 3

( ) ( ) ( ) e

c

x x y y z z r

n x n y n z d

      


  
  (34) 

where er is the radius of the inner circle. The mirror plane can be expressed as 

1 0 2 0 3 0( ) ( ) ( ) 0n x x n y y n z z        (35) 

Then we get the parametric equation of the inner circle 
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 (36) 

where 0 2   . If we re-project the inner circle to the image plane, there must be er-

rors ( )e   between the re-projected ellipse and the real one. By minimizing the error in 

the re-projection, a good approximation to the mirror plane parameter can be obtained. 

Any optimization method, such as Levenberg-Marquardt[25] can be used to minimize 

the sum of errors: 
2

0

min ( )e







   (37) 

4. DETERMINE POSE OF THE DISPLAY 

4.1 Display Encoding 

 

If the origin point of the world coordinate system ow-xwywzw is set at the top-left 

corner of the display and the display plane is set on 0wz  , the coordinate of pixels of 

display can expressed as 

0

w x

w y

w

x m d

y n d

z

 


 
 

  (38) 

where 1 xm m  ,1 yn n  (m, n are the numbers of the display pixels along horizontal 

and vertical directions respectively), and d is the distance between each pixel. 

To get the correspondence to image pixels, each pixel of the display should be en-

coded using an absolute code. The gray code will be used because of its robust perfor-

mance. An inverted image should be displayed after each original gray code image for 

accurate decoding. So the total number of the images to be projected on the display is 

twice the binary resolution in each direction.  

 

4.2 Position Calibration 

 

After decoding of the images, a virtual image of the display is obtained. If the in-

trinsic parameter of the camera is calibrated previously, then the rotation matrix Rv and 

translation vector Tv between the virtual display and camera can be computed by solving 

the PnP problem. Notice that if the real display uses the right hand coordinate system, the 

virtual display will use left hand system. The real rotation matrix Rr and translation vec-

tor Tr can be computed by the following equations 

( 2 )T

r v R I nn R   (39) 
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( 2 ) 2T

r v d  T I nn T n   (40) 

where n is the normal of the mirror plane, d is the distance from the origin point o to the 

mirror plane, and I is a unit matrix. In conclusion, our calibration method can be de-

scribed in algorithm 1. 

Algorithm 1. Extrinsic Calibration Using an Annular Mirror 

Input: Equations of the two ellipses 1E , 2E of the annular mirror and two orthogonal 

lines 1l , 2l on the image plane 

Output:  Rotation matrix R, translation vector T 

Compute the normal of the mirror plane n and the center point C of the mirror using the 

outer ellipse 1E as described in section 3.2 (Eq.1 to Eq.22). 

Determine the unique solution of the mirror plane (normal n and the center point C) us-

ing two orthogonal lines by Eq. 33. 

Optimize the parameter n and C by minimize the errors between the re-projection inner 

circle of the mirror and the inner ellipse 2E on the image through Eq. 37. 

Compute the imaging position vR , vT of the display by solving the PnP problem. 

Determine the real position R, T of the display through Eq. 39 and 40. 

5. EXPERIMENTS 

We conducted both simulation and real experiments to test our proposed method. 

We first review the performance of the simulation experiment. Then we show the real 

calibration of our display-camera setup. 

 

5.1 Simulation Experiment 

 

To evaluate our calibration method, we design a simulation experiment. We fix the 

values of the internal parameters of a synthetic camera as: 

720 0 320

0 720 240

0 0 1

c

 
 


 
  

K  

The image resolution is set to 640 480 . The display resolution is set to1366 768 . 

The radius of the outer circle of the annular mirror is 50mm and the inner one is 20mm. 

The position and orientation of the camera is chosen randomly and used as the ground 

truth in the error analysis. If the rotation matrix is denoted as a vector 1 2 3[ , , ]R r r r , and 

the translation vector is denoted as 1 2 3[ , , ]tT t t t . We set the rotation ma-

trix [1.1014, 1.3172, 1.2185]  R and translation matrix [100,100,100]T . More than 5 

sets of normal vector and center point are randomly generated and only the ones through 

which the camera can view the display are considered for calibration. Then the images of 

the display which captured by the camera through the mirror can be generated based on 

the mirror imaging principle.  
To simulate the noise in the real imaging process, the Gaussian noise with ze-

ro-mean and standard deviation is added to the images. The noise level is varied from 



SHENGPENG FU, JIBIN ZHAO, RENBO XIA AND WEIJUN LIU 

 

220 

 

0.2 to 1.2 pixels. The calibration results are then compared with the ground truth we set 

previously. The percentage errors between the recovered parameters and the ground truth 

are shown in Fig. 5(a) and Fig. 5(b). From the Fig.5, we can see that the percentage er-

rors are under 3% when the noise level 1.2  . 

 

(a) 

 

(b) 

Fig.5. Percentage errors of the recovered rotation vector (a) and translation vector (b)  

5.2 Real Experiment 

 

We use our method to calibrate a setup consisting of a Nikon D7000 camera and a 

Dell display which is used for specular surface measurement (see Fig. 6). The camera 

has a resolution of 2464 1632 when captures images.  The resolution of the display is 

1280 1024 and the distance between each pixel is 0.264mm. A hard disk platter which 

has a perfect specular surface is used as an annular mirror in our experiment. The radius 

of the outer circle of the platter is 47.498mm and the inner one is12.500mm . The 

off-the-shelf hard disk platter used in the calibration makes our method simple and prac-
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tical.  

The intrinsic parameter of the camera is calibrated previously using Zhang’s method 

[26]. A pure black image is projected on the display before the gray code to make the 

ellipse detection easier. The detection of the mirror and the line in the background are 

shown in Fig. 7. Any two lines which are orthogonal to each other can be used to deter-

mine the unique solution of the mirror plane. Then the images of gray code are displayed 

one by one. The images decoding results is shown in Fig. 8. 

 

Fig.6.  Calibration setup 

   

Fig.7. Ellipses and lines detection results 

 

Fig.8. Images decoding results 
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Fig.9. Calibration result 

 

Fig.10. Annular mirror at different angles 

The extrinsic parameters of the camera and display are obtained using our method 

described in section 4 (the calibration result is shown in Fig. 9). Since there is no ground 

truth, we compare our result with the method proposed in reference [16] which used a 

common planar mirror and [19] which used a spherical one. The comparison of calibra-

tion results used different methods is shown in table 1. Our result is near to the other two 

calibration results from table 1. But the re-projection error of our method is smaller than 

the other two methods. We also evaluate our method by fixing the position of the camera 

and display and moving the mirror to several different positions (see Fig.10). The accu-

racy of the annular mirror position depends on the pose angle [24]. When the pose angle 

is less than 60 , the absolute error is within 0.5%. So we keep the pose angle within 

60 during the calibration. The calibration results in different positions of the mirror are 

shown in table 2 which prove the stability of our method. 
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Table 1. Comparison of different calibration methods 
Calibration method        Rotation vector            Translation vector           Re-projection error 

reference[16]        (1.5032, 1.6440, -1.8733)     (-44.0572,-114.2417,75.5447)         1.29 

reference[19]        (1.4510,-1.5820, -1.7986)     (-43.8726,-111.4784,76.1225)          0.66 

Ours               (1.4956, 1.6515, -1.8688)     (-42.9505, -113.7712,77.2786)         0.36 

Table 2. Calibration results at different poses of the mirror 
Normal of the mirror             Rotation vector              Translation vector 

(-0.0032,0.4303,0.9027)         (1.4871, 1.6634, -1.8574)      (-42.2563, -114.2155,77.3608) 

(-0.1904,0.4086,0.8926)         (1.4904, 1.6228, -1.8621)      (-43.0115, -113.8756,77.2215) 

(-0.0101,0.3253,0.9456)         (1.5012, 1.6376, -1.8743)      (-42.6528, -113.4415,76.9826) 

(-0.0197,0.6886,0.7249)         (1.4923, 1.6550, -1.8592)      (-42.8621, -113.2368,77.1020) 

 

6. CONCLUSIONS 

We present a complete method to calibrate the extrinsic parameter of a display and a 

camera where the camera doesn’t have a direct view of the display. An annular mirror is 

used to make the camera see the display from the reflection. The outer circle of the mir-

ror is used to determine the position of the mirror plane while the inner one is used to 

optimize the parameter. Two orthogonal lines are utilized to eliminate the ambiguity of 

the mirror plane. We use both simulation and real experiment to test the proposed meth-

od and showed impressing results.  

To our best knowledge, our method is the first to use an annular mirror to calibrate 

a display-camera system. Compared with other existing calibration methods, our method 

is simple and fully automatic. An off-the-shelf hard disk platter can be used as an annular 

mirror which makes our method more practical. But we must keep the pose angle of the 

mirror within 60 during the calibration. A large angle may cause big error. In the future, 

our work will consider the case that the radiuses of the mirror are unknown. 
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