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Abstract 
We propose a new POC (phase-only correlation)-based high-

accuracy correspondence detection method for multi-channel 
images. There is the possibility of improving detection accuracy 
because conventional POC-based methods do not use color 
information. In the proposed method, a normalized cross spectrum 
(or cross-phase spectrum) and weight are calculated for each 
color channel in the Fourier domain. The weight is determined by 
the amplitude of the cross spectrum. The weighted normalized 
cross spectra of all color channels are combined and inverse 
Fourier transformation is conducted to obtain a POC function. An 
experimental evaluation of the matching accuracy between the 
conventional POC-based method and the proposed method shows 
that RMSE decreased approximately 25%. This paper also 
describes an application of the proposed method to a stereo image 
matching. The average detection ratio of correspondences between 
a stereo-pare image is improved 64% to 95%. 

Introduction  
With the rapidly evolving multimedia technologies and visual 

telecommunications systems, color reproduction by color imaging 

systems is commonly required and technologies and techniques for 

achieving it are being explored. However, accurate color 

reproduction of an object under arbitrary illumination conditions is 

difficult with current imaging systems based on three-channel (i.e., 

red, green, and blue) image capturing. Multispectral imaging 

technology, which estimates the spectrum using multi-channel 

data, provides accurate color reproduction. Several types of multi-

channel camera systems have been developed [1-11]. Multi-channel 

images have richer color information than current RGB images, 

which enables us to improve the accuracy of image recognition. 

Therefore, multispectral imaging contributes to digital archiving 

for cultural heritage preservation and in the medical and some 

industrial fields. In addition, precise correspondence detection 

improves the accuracy of 3-D shape and image displacement 

estimations.  

Some methods have been developed for matching between 

two multi-channel images with high accuracy [12-14]. Although not 

focused on multi-channel images, several methods using the 

phase-only correlation (POC) function have been proposed [15, 16], 

and they are highly effective due to their sub-pixel accuracy and 

robust performance against illumination changes, noise, and color 

shifts caused by differences in the spectral sensitivity of a camera 

(Note that the POC function is sometimes called the “phase 

correlation function”). POC-based methods should also work well 

for multi-channel images, therefore, we focus on a POC-based 

method in this paper.  

We have used a correspondence detection technique that 

combines local block matching by the POC method and a coarse-

to-fine strategy based on pyramid representation to find 

corresponding points [17]. However, conventional POC-based 

image matching does not use color information. Captured color 

images are converted into grayscale images and the obtained 

images are used for the image-matching process. This also 

contributes to the robust performance of image matching against 

the image-capturing condition, such as illumination variation. On 

the other hand, an image of each color channel should be dealt 

with in POC-based in the same way a grayscale image is, because 

color images have richer information than grayscale images. Then, 

color information should contribute to improving the accuracy of 

image matching. However, nobody has attempt to use color 

information to improve the accuracy of image matching.  

  In this paper, we propose a new POC-based correspondence 

detection method using color information and show its efficiency 

for correspondence detection between multi-channel images in 

experiments. In this method, the obtained normalized cross spectra 

(or cross-phase spectra) of each color channel image are weighted 

and combined in the Fourier domain. Inverse discrete Fourier 

transformation (DFT) is conducted on the resultant cross spectrum 

to obtain new POC functions and registration error between the 

two images is obtained. The experimental results for the proposed 

method are compared with those for the conventional one. The 

secound section describes the new POC correspondence detection 

method using color information. The third section shows the 

experimental evaluation of the matching accuracy of the proposed 

method. The fourth section describes an application of the method 

to stereo matching for stereo-pairs of multi-channel images and its 

performance evaluation. Finally, we conclude this paper.  
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Correspondence Detection Method based on 
POC method 

Conventional POC Function  
The principle of POC is briefly described below. Consider 

two images, ),( yxf  and ),( yxg , whose size is 1N  x 2N  and 

number of color channel is C  (e.g., for an RGB image, 3C ). 

The index ranges are 11 ,, MMx   and 22 ,, MMy  , and 

then 12 11  MN  and 12 22  MN . The images of i-th color 

channel images is represented as ),( yxif  and ),( yxig . In the 

conventional method, images of all color channels are averaged as 

follows:   

 
 C

i
yx

i
fyxf

1
),(),( ,        (1) 

 
 C

i
yxigyxg

1
),(),( .        (2) 

Let ),( 21 kkF  and ),( 21 kkG  denote the two-dimensional (2-

D) discrete Fourier transforms (DFTs) of the two images. 
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Mx y . ),( 21 kkFA  and ),( 21 kkGA  are amplitude 

components, and )2,1( kkFje   and )2,1( kkGje   are phase 

components. 

The cross spectrum ),( 21 kkR  between ),( 21 kkF  and ),( 21 kkG  

is given by 
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where ),( 21 kkG  represents the complex conjugate of ),( 21 kkG  and 

),(),(),( 212121 kkkkkk GF   . Then, the normalized cross 

spectrum (or cross-phase spectrum) ),( 21ˆ kkR  is represented as 
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The POC function ),(ˆ yxr  is the 2-D inverse DFT of ),( 21ˆ kkR  

and is given by 
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Proposed POC Function for Multi-channel images 
Texture appearance differs among color channel images. This 

means that the normalized cross spectrum of each color channel 

image is also different. Then, we use the weighted average of the 

normalized cross spectrum of each color channel to obtain POC 

function.  

Consider images of i-th color channel, )( 21, xxif  and 

)( 21, xxig , where the index ranges are Ci ,,1 . The weighted 

average of the normalized cross spectra ),( 21ˆ kkwR  is represented 

as 
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where )( 21, kw ki  denotes the weight of each frequency index. The 

POC function ),(ˆ yxr  is the 2-D inverse DFT of ),( 21ˆ kkwR .   

Let us consider the weight function )( 21, kkiw .  1, )( 21 kkiw  

is the simplest case, which means that ),(ˆ yxr  is an average of the 

POC functions of each color channel. For the proposed POC 

function for multi-channel images, the weight function is defined 

using the energy of the frequency index as  

),(),()( 212121, kkikkikki GFw   and the weighted average of 

normalized cross spectra is described as 
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This weight function is equivalent to the ratio of the energy of 

frequency index of each color channel, and it affects a color 

channel with large amplitude more strongly than it does one with 

small amplitude. The proposed POC function is given by 

conducting the 2-D inverse DFT of ),( 21
ˆ kkWR .  

Sub-pixel Image Registration 
Consider ),( yxf  as a 2-D image defined in continuous space 

with real-number index x  and y . Let 1  and 2   represent sub-

pixel displacement of ),( yxf  in x and y   directions, 

respectively. The displaced image can then be represented as 

),( 21   yxf . Assume that ),( 21 nnf  and ),( 21 nng  are 
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spatially sampled images of ),( yxf  and ),( 2211   nnf , 

defined as 

221121 ,),(),( TnTnnn yxyxff  ,       (10) 

22112121 ,),(),( TnTnnn yxyxgg   ,       (11) 

where 1T  and 2T  are the spatial sampling intervals, and index 

ranges are given by 111 ,, MMn   and 222 ,, MMn  . 

Let ),( 21 kkF  and ),( 21 kkG  be the 2-D DFTs of ),( 21 nnf  and 

),( 21 nng , respectively. Considering the difference in properties 

between the Fourier transform defined in continuous space and 

that defined in discrete space, ),( 21 kkG  can be represented as 

22
2

11
12121

22
),(),(

 k
N

jk
N

j
kkkk eeFG

 ,       (12) 

Thus, ),( 21ˆ kkwR  is given by 

22
2

11
121

22
),(ˆ  k

N
jk

N
j

kkw eeR
 ,       (13) 

The POC function ),( 21ˆ nnwr  will be the 2-D inverse DFT of 

),( 21ˆ kkwR , and it is given by 

 
21

2211
21

21

21

21 ),(),( ˆ1
ˆ

kk

nk
N

nk
Nkknn WWR

NN
r ww  

                   
}sin{

}sin{

)}(sin{

}sin{

)(

)()(

22
2

22

11
1

11

21 



















n

n

n

n

NN
NN

,    (14) 

where 1 . The above equation represents the shape of the peak 

for the POC function for common images that are minutely 

displaced from each other. The peak position of the POC function 

corresponds to the displacement between the two images. We can 

prove that the peak value of   decreases (without changing the 

function shape itself), when small noise components are added to 

the original images. Hence, we assume 1  in practice. 

Experimental Evaluation of Matching 
Accuracy 

Experimental Setup 
Figure 1 shows the experimental setup. Images were captured 

with a monochrome CCD camera (GRAS-14S5M-C, Point Grey 

Research Inc.), which was mounted on a micro-stage that allows 

precise alignment of the camera position. The pixel size of the 

CCD sensor is 6.45  m. The focal length of the camera lens is 12 

mm. An xenon lamp (LAX-102, Asahi Spectra) with wide 

bandpass and narrow bandpass filters was used for illumination, 

and RGB (three-bands) and eight-band images were captured at 

each camera position. Figure 2 shows the spectral sensitivity of the 

image capturing system. The target object in the first experiment 

was the oil painting shown in Fig. 3. The target object was fixed 

110 cm away from the camera in such a way that it was almost 

parallel to the focal plane of the CCD camera. The micro-stage 

was moved horizontally 50 times, and the length of each 

movement was 0.1 mm (which is equivalent to 0.16 pixels on the 

Figure 1. Experimental setup. 
Left: Target object and camera. Right: Xenon lamp with band-pas filters. 
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Figure 2. Spectral sensitivity of the camera system. 

Figure 3. Oil printing used in experiments. 
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image). 

Results 
We estimated the displacement using the experimental setup 

described above. The reference image had been taken before the 

camera was moved. At every camera position, we searched for the 

corresponding points with sub-pixel accuracy. Let the 

displacement vector between the reference point in the initial 

image and the corresponding point in the j-th image be 

), 2,1,( jj jδ . We evaluated the performance of the image 

matching technique in the following manner. There are 50 sets of 

data containing the actual displacement j  [mm] (i.e., the 

displacement of the micro-stage) and the estimated displacement 

),( 2,1, jj   [pixel]. Ideally, the estimated displacement 1,j  (or 

2,j ) must be proportional to j . To evaluate the 

correspondence accuracy, we calculate a linear approximation in a 

least-square sense, where 1a [pixel/mm] and 2a [pixel/mm] are 

constant coefficients. The error j  in displacement estimation at 

the j-th position is calculated by 

222,211, )()( jjjjj aa   .      (15) 

We evaluated three algorithms: the conventional POC-based 

method (which does not use color information), the method using 

the averaged POC function of all color channels, and the proposed 

method. In the conventional method, grayscale images obtained by 

averaging the image of each color channel are used. The size of 

the image block is 31 x 31 pixels. Correspondence tracking was 

conducted for the four areas shown in Fig. 4. Figure 5 shows 

estimated displacements of a reference point obtained by the three 

algorithms. Although a linear relationship between estimated 

displacements of captured images and those of the micro-stage are 

confirmed, the differences between the three algorithms look small 

and are difficult to evaluate. Then, RMSEs (root means square 

Figure 4. Images used for correspondence tracking. 

Figure 5. Result of displacement estimation. 
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Figure  6. Estimated displacement errors of an image (top) 
and the averaged RMSE of the four images (bottom). 
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Figure 7. Stereo camera used in experiments. 
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errors) of estimated displacement using for the three algorithms 

were calculated. Figure 6 shows estimation errors for an image at 

each camera position and the averaged RMSE of estimated 

displacement. The graph shows the error in the estimated 

displacement of the proposed method is totally the smallest. The 

graph shows the estimated displacement error increases as the 

length of camera movement increases. Theoretically, the POC-

based method can detect displacement whose length is 25% of the 

image-block size. The image-block size in this experiment was 31 

pixels, which means that the theoretical limitation of detectable 

displacement is approximately 7.5 pixels. Then, the error tends to 

become larger when the displacement approaches the limitation. 

Even so, the estimation accuracy is kept under  0.1 pixels. The 

results of the averaged RMSE of four images show that the 

proposed method improved accuracy of estimated displacement 

approximately 25% compared to the conventional POC-based 

method using grayscale images.   

Stereo Matching for Multi-channel Images 
Several stereoscopic multi-channel image capturing systems 

that combine multi-spectrum and stereo imaging technologies have 

been developed [5-7]. In this experiment, we implemented our 

proposed method for multi-channel stereo image matching. Figure 

7 shows the stereo monochrome camera used in this experiment. 

The focal length of the camera lens is 25 mm. The distance 

between the cameras was 4.4 cm and the distance between the 

cameras and the object was 4 m. The effect of the stereo disparity 

was therefore small. Eight-band images were captured by 

combining this stereo monochrome camera setup and the xenon 

lamp system mentioned above.  

Figure 8 shows photographs of the target objects: a Japanese 

doll, a traditional Japanese kimono hung on a mannequin, and oil 

paintings. The total number of the target objects was ten. Figure 9 

shows examples of multi-channel images of the Japanese doll. We 

conducted correspondence search using the conventional and the 

proposed POC-based methods. The size of captured images was 

XGA (1024 x 768 pixels). We identified reference points on each 

of the reference images in 10 pixel intervals, and the range of 

search was  16 pixels. The threshold value on the POC function 

was 0.3.  

Before conducting the experiment, we checked the number of 

detectable correspondences using an image captured from the 

same viewpoint and confirmed that the average for the target 

objects was 6887. Results of the correspondence detection using 

eight-band stereo images are shown in Fig. 10. The number of 

Figure 8. Target objects. 
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Figure 9. Examples of captured multi-channel images. 
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Figure 10. Number of detected correspondences. 
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detected correspondences was divided by that of detectable 

correspondences at the same viewpoint, and the detection ratio was 

obtained. Comparing results for the three POC-based methods, we 

can show that the average detection ratio is improved from 64% to 

95% when the proposed method is used. 

Conclusion 
We proposed a new efficient POC-based high-accuracy 

correspondence detection method for multi-channel image. Eight-

band images were used in the experiment to evaluate the proposed 

method. We evaluated the RMSE of displacement estimations 

between the conventional and proposed methods, and we proved 

that the proposed method using color information improves the 

accuracy of estimated displacement approximately 25% compared 

to the conventional POC-based method. We also implemented the 

proposed method for multi-channel stereo image matching. The 

proposed method improved the average detection ratio from 65% 

to 95%.  
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