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Abstract 

Camera calibration is an indispensable process for improving measurement accuracy in industry fields such as 

machine vision. However, existing calibration targets cannot be applied to the calibration of mid-wave and long-

wave infrared cameras. Recently, as the use of infrared thermal cameras that can measure defects from thermal  

properties has spread, development of an applicable calibration target development has become required. Thus, 

based on heat conduction analysis using finite element analysis, this paper presents a calibration target that can 

be used with both existing visible cameras and infrared thermal cameras by implementing the optimal design 

conditions, considering factors such as thermal conductivity and emissivity, colours and materials. 
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1. Introduction 

Calibration is a very important factor to consider when trying to increase the accuracy of 

extracting geometric information from images using visual inspection technology  such as 

machine vision [1]. In recent years, as the practice of defect inspection using the thermal 

properties of a product has been increasing, mid-wave and long-wave thermal cameras have 

become widely used [2]. Since infrared (IR) thermal cameras also require calibration, and 

unlike the calibration method applied to existing visible cameras, the calibration device for IR 

thermal camera must consider emissivity and heat transfer characteristics. 

In previous studies, many methods of camera calibration were introduced. Zhang proposed a 

flexible technique for visible camera calibration which based on closed-form solution, 

maximum-likelihood estimation, and a paper chessboard of 9×9 squares pattern [3]. He 

explained the relationship according to the real points and the captured image projection, 

geometric interpretation, extrinsic camera parameters such as rotation and translation, and 

intrinsic camera parameter, in detail. However, the paper chessboard cannot be used for 

calibration of IR thermal camera, because thermal camera needs temperature to capture image.  

To overcome the problem of paper chessboard based on visible camera calibration, Cheng el 

al. used a chessboard pattern warmed up with a lamp for a few seconds in order to calibrate 

IR thermal camera [4]. In case of the chessboard warmed up with lamp, it is difficult to 

equally heat the all area of chessboard from lamp for obtaining thermal image of good quality. 

In addition, because boundaries of white and black patterns of captured thermal image are 

unclear, this phenomenon increases the calibration error. Bajcsy et al. employed the wireless 

micro electro-mechanical (MEMS) sensor for calibrating IR thermal camera [5]. When 

capturing the IR thermal image using MEMS sensors, as temperature differences between 
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board and MEMS sensors are small, the quality of thermal image was degraded. From that, 

the accuracy of calibration can be decreased. To simultaneously obtain the good calibration 

patterns by visible and IR thermal cameras, Yang et al.  proposed a black plastic board 

equipped with 5×5 circular lights for emitting both hear and light [6]. When 5×5 circular 

lights are powered on, the heat and light are distracted from center of bulb to neighborhood 

area. Therefore, it is hard to measure the each accurate centers of 5×5 circular lights of black 

plastic board. In addition, although the calibration board based on burning target lamps was 

presented by Luhmann et al. [7], to acquire the clear calibration patterns is required to demand 

the suitable environment of cold sky temperature. In order to reduce a cost according to a 

powered calibration and improve calibration time, Ursine et al. proposed two calibration 

boards which were based on a copper plate (with emissivity about 0.09) and high emissivity 

spray ink (with emissivity about 0.98) for non-controlled environments [8]. When capturing 

the chessboard patterns with copper plate by IR thermal camera, the board patterns can be 

represented as non-uniform patterns from the asymmetric extrinsic light. This cause affects 

the accuracy of camera calibration.  

To solve these problems of calibration of visible and IR thermal cameras as mentioned above 

previous studies, we propose in this study a new calibration device design. Our proposed 

calibration device was comprised of both circle and rectangular patterns, and material having 

thermal conductivity and emissivity to enhance the calibration accuracy of visible and IR 

thermal cameras. 

The remainder of this paper is organized as follows: the proposed method according to 

calibration device design is described in Section 2. The results and discussion are represented 

in Section 3, and the conclusions are delineated in Section 4, respectively. 

2. Proposed method 

In all cameras, the capturing of images is accompanied by a non-linear or radial distortion. 

Below we present a representative form of the distortion in a grid-shaped image [9]. Figure 1a 

is the original image in which distortion did not occur, Figure 1b shows a pincushion 

distortion, which primarily occurs in visual optical instruments, and Figure 1c shows the 

barrel distortion characteristic of fisheye lenses. In most lenses, the distortion is radial 

distortion, which is described by the following equations (1) [10, 11]. 
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In Equation (1), (u, v) and (u ,̃v ̌)  are the positions before and after compensating the radial 

distortion, respectively. As shown in Figure 1, the parameter k is an important factor 

characterizing radial distortions, in which whether k is positive or negative determines  

whether a distortion is pincushion-shaped or barrel-shaped. 



 
(a)             (b)             (c) 

Figure 1. Distortion images. (a) No distortion: k = 0. (b) Pincushion distortion: k > 0. (c) Barrel distortion: k < 0. 

In addition to such distortion, obtained images can be distorted by various parameters such as  

geometric variation of world coordinates, the principle point of the image plane, the scale 

factor and the lens focal-length. When the camera is calibrated, lens distortions that may arise 

from these parameters can be corrected, and the accurate measurement of objects is possible 

[12]. In this paper, we limited the scope of the target used to calibrate the camera to a 

calibration target by using circular marks with high accuracy and frequency [10, 11, 13].  

Figure 2 depicts the universal calibration target used in this study. It is a target that uses 

circular marks and rectangular grids, and its structure is a film paper on which circular marks   

and rectangular grids are precisely printed, which is attached to the surface of an aluminum 

and plastic composite material plate. Figure 2a shows the plane of the calibration plate, and 

Figure 2b shows the resulting image obtained through the visible camera, to which the 

calibration algorithm was applied. 

 
(a)             (b) 

Figure 2. Calibration target using circular marks and rectangular grids. (a) Image of a calibration plate (taken 

with a visible camera). (b) Image (taken with a visible camera) to which the calibration algorithm was applied. 

2.1. Calibration target for infrared thermal image 

Unlike visible cameras using a CCD or CMOS sensor, in infrared thermal cameras, the 

infrared light emitted by objects is transmitted through the lens and captured by the image 

sensor, and therefore a target that considers thermal conductivity and emissivity is required. 

Figure 3 shows an image of the calibration target of Figure 2 taken by an infrared thermal 

camera. It can be seen that the image for calibration as shown in Figure 2 cannot be obtained. 

 
Figure 3. Infrared thermal image of the existing calibration target 



This is because the calibration target used did not consider emissivity or thermal conductivity. 

Therefore, to solve this problem, this paper presents a calibration target that can be used with 

both visible cameras and infrared thermal cameras. Since the calibration target requires  

precision, the boundary of the dimensions given physically should not appear to be spread or 

reduced by thermal conduction. Therefore, the structure of the proposed calibration target was  

composed of our elements by considering the thermal conductivity, as shown in Figure 4, and 

we minimized the thermal conductivity by putting the contact surfaces of identical elements  

in close contact and reducing the contact surfaces of different elements. By using ANSYS, 

universal FEA (finite element analysis) software, the optimal design conditions were obtained 

through the thermal conductivity analysis. Figure 4b shows the thermal analysis results 

obtained using FEA. The material used in the FEA was AL6061, the density used was 0.975 

lb/in3, and the conductivity used was 166.9 W/mK . The analysis type was steady-state, the 

initial temperature was set to 22°C, and the bottom plate was heated to 30°C to derive the 

temperature distribution results after 1 second of heat conduction. The results of the analysis 

are shown in Figure 4b; it was found that thermal conductivity did not occur between the 

components of the boundary that ought to be separated, as shown in the figure. 

   
(a)                            (b) 

Figure 4. Calibration target design. (a) Calibration target structure. (b) Thermal conductivity analysis using FEA. 

2.2. Production and application of calibration target 

The actual calibration target was produced based on interpreted values . To allow the target to 

be used with both the visible camera and the infrared camera, it was anodized and coated 

based on the specifications shown in Table 1. 

Table 1. Specifications of the calibration target. 

Classification Colour Emissivity Material 

A Silver 0.04 AL 6061 

B Black 0.95 AL 6061 

 

3. Results and Discussion 

By applying the produced calibration target to the infrared thermal camera, the result of 

Figure 5 was obtained. Images were obtained by installing the produced calibration target in 

an electric thermal conductivity device set to 30°C and using the infrared thermal camera. 

Figure 5a shows the image captured when the temperature range of the calibration target  



image obtained by using the infrared thermal camera was set equal to the FEA analysis 

conditions, and it can be seen to be similar to the analysis results of Figure 4b. Figure 5b 

shows the result of applying a conventional calibration algorithm to the infrared thermal 

images. It shows that the algorithm was successfully applied as in the case of applying the 

visible camera calibration algorithm shown in Figure 2b. 

 
(a)                       (b) 

Figure 5. Experimental results. (a) Image of a calibration plate (taken with an IR camera). (b) Image (taken with 

an IR camera) to which the calibration algorithm was applied 

3.1. Line profile comparison and results 

Images of the same pixel size (320×240) were obtained by photographing the calibration 

target proposed in this paper with a visible camera (Crevis MV-CX30U) and an infrared 

thermal camera (Cedip Silver 480M), respectively. Then, the captured images were converted 

to greyscale, as shown in Figures 6a and b. The line profiles corresponding to the yellow and 

white solid lines of Figures 6a and b are shown in Figures 6c and d, respectively. Table 2 

shows the pixel numbers of the vertical lines (L#) and circular marks (C#) of the two line 

profiles in left-to-right order. As shown in the results of Table 2, each of the pixel numbers of 

the visible and IR thermal images turned out to be similar. As shown in Figures 6c and d, the 

IR thermal images showed larger and more uniform values in the contrast effect at the 

margins of each vertical line and circular marks than was shown in the visible images. This  

shows that the calibration target proposed in this paper can be applied to calibration of IR 

cameras. 

           
(a)                          (b) 

 
(c) 

 
(d) 

Figure 6. Experimental results. (a) Region of the visible camera image. (b) Region of the IR camera image. (c) 

Line profile of (a). (d) Line profile of (b) 



Table 2. Comparison of line-profiling pixel numbers 

 L1 C1 C2 C3 C4 C5 C6 C7 L2 

Visible 6 13 12 12 12 13 12 12 6 

IR 6 12 13 12 13 12 12 12 7 

 

4. Conclusions 

Although the emissivity was printed differently depending on the pattern of the target used in 
the existing visible images, it failed to obtain the desired pattern under infrared thermography. 

By structurally implementing a thermal conductivity difference and applying the opposite 

emissivity, the calibration target proposed in this paper demonstrated that images  for 

calibration of infrared thermal camera could be provided. We expect that the proposed 

calibration target can be used in multi-camera systems including visible and IR cameras  
having the same optical axes. 
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