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Abstract— PiCode combines the attractive appearance of a 

picture and the decoding reliability of barcode. It offers a 

superior solution for mobile advertisement, media and 

marketing. Users can directly scan the PiCode for accessing 

information, while the advertiser would not have to stress 

over the valuable advertisement space occupied by the 

traditional 2D barcodes any more. Picode is typically used for 

embedding messages and image of the product logo such that 

people can conveniently use mobile devices to capture the 

Picode and acquire information through a QR code reader. In 

this proposed system, Picode with aesthetic elements has 

been formulated as an optimization problem that minimizes 

the visual perception distortion subject to acceptable 

decoding rate. However, the visual quality of the Picode 

generated by existing methods still leaves much to be desired. 

The poor visual quality is first synthesized based on the 

improvements of PiCode in three aspects: less obtrusive 

finder pattern, no fixed pattern in the interior of the barcode, 

and the use of adaptive modulation. The proposed PiCode as 

well as other beautified QR codes introduce distortions to the 

embedded image since data bits are carried by the modules 

via customized modulation schemes. To evaluate such 

distortions, the multi-scale structural similarity (MS -SSIM) 

metric is employed in our experiment to cater for different 

viewing conditions, such as different resolutions and physical 

sizes of the barcode.  
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I. INTRODUCTION 

Present image fusion performance metrics mainly try to 

estimate the statistical information or structure information 

transferred from several source images into the resulting 

fused image while ignoring the information provided from 

the intermediate images in the fusion process [1, 2]. This 

processing strategy is not very consistent with the human 

visual system in evaluating the image quality. Based on the 

fact that the human visual system can adaptively extract 

multi-scale structure features, this letter introduces a multi-

scale structure similarity index (MSSIM) to assess the 

performance of different image fusion algorithms. This 

metric can exploit the multi-scale structure information 

transferred from the source images into the resulting multi-

scale fused images. 

Compared with the existent single-scale assessment 

metrics, the proposed metric has better consistence with the 

assessment strategy of human visual system due to 

considering the variations of viewing conditions. 

II. SINGLE-SCALE STRUCTURE SIMILARITY (SSIM) METRIC 

Based on the fact that natural images are highly structured, 

which means the pixels with the similar features usually form 

an interesting region or object, the structure similarity SSIM) 

index to assess the image quality was proposed by Wang and 

Bovik[3]. Compared to the classic Minkowski error metric 

which measures differences of corresponding pixels between 

the reference and the test images, the SSIM tried to measure 

the structure differences of the both images. The most 

advantage of the SSIM is qualitatively consistent with human 

visual system which is highly adapted to exact the structural 

information from the scene. Zhang and Bovik combined three 

features of an image to yield an overall similarity measure 

 
x= xi | i  1,2,  , N    is  the test image, and 

y=yi | i  1,2,  , N is the reference image. μ x , μ y are mean 

luminance of the test image x and the reference image y, and 

σ x ,σ y ,σ xy are the standard deviations of x, y and the 

covariance of x and y within a local window. 

III. MULTI-SCALE STRUCTURE SIMILARITY (MSSIM) METRIC 

Due to the assessment result of an image depends on many 

factors such as the resolution of the image, the perceptual 

capability of the observer’s visual system, and the distance 

from the image plane to the observer, Zhou Wang[4] 

proposes a multi-scale structure similarity (MSSIM) metric 

for image quality assessment. He uses a low-pass filter and 

downsampler to attain the multi-scale pyramid images. And 

the system diagram is showed in Fig. 1. According to the 

diagram, the MSSIM evaluation is obtained by combining the 

measures at different scales as follow. 

 
Fig. 1: The block diagrams of the PiCode encoding and 

decoding procedures. The contributions of this work are 

focused on the shaded blocks 
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IV. NEW IMAGE FUSION QUALITY METRIC 

Piella and Heijmans [5] extended Wang and Bovik’s research 

work on a structural similarity (SSIM) index into the image 

fusion and proposed a new metric for image fusion 

performance assessment. The metric is a measurement of the 

structure information of the fused image transferred from the 

source images. It is calculated by here, we call it QP, P means 

the first letter of the author in case of comparisons 

 
SSIM(x, f |w) and SSIM(y, f |w) are the structure 

similarity measures between the source images (x, y) and the 

fused image (f) in a local Gaussian window w. and the 

normalized local weight λ (w) represents the relative 

importance of the source images, which can be calculated by 

the local features such edges, contrasts, or energies of the 

source images. W is the set of all windows and |W| is the 

cardinality of W. Based on the Piella’s work, C.Yang et al.[6] 

proposed an improved metric(QY) by considering the 

structure similarity level between the source images. When 

the SSIM(x, y|w) is larger than a threshold for instance 0.75, 

the weighted average fusion rule is applied, otherwise, the 

maximum fusion rule is applied. The local quality measure is 

in equation (4). Then the global measure is summed by 

equation (5). z 

 
The above metrics only exploited the structure 

similarity information between the final fused image and 

source images. It is not consistent with the multi-scale 

processing characteristics of the human visual system and 

also lacks of flexibility. Here, we introduce the MSSIM into 

the image fusion performance evaluation to attain a multi-

scale structure similarity metric (QX). Its local quality 

measure expression is: 

 

V. EXPERIMENTAL RESULTS AND ANALYSIS 

To compare the performance of the proposed QX with the QP 

and QY, we have carried out some CT/MRI medical image 

fusion experiments. For medical diagnosis, CT provides 

better information on denser tissue with less distortion than 

MRI, and MRI gives better information on soft tissue than 

CT. Thus, in order to make full use of the information of the 

two modality images for medical diagnosis, doctors usually 

observe the images manually and fuse them in the mind. But 

it is very tedious and tired job. Here, we try to fuse CT/MRI 

images automatically to reduce this workload. Fig. 2 (a), (b) 

are the source images of CT and MRI of a patient with a brain 

tumor. Fig.2 (c), (d), (e), (f), (g), and (h) are one of the fused 

results using the methods based on Ratio of Low-Pass 

pyramid(CP)[7], Laplacian pyramid(LP)[8], discrete wavelet 

transform(DWT)[9], gradient pyramid(GP)[10], steerable 

pyramid(StrP)[11] and structure similarity(SSIM)[12] 

respectively. Fig.2 (c) shows that the fused image based on 

CP method is not so good. And the results of LP, GP, StrP, 

and DWT almost have the same visual effects. And it seems 

that StrP and LP methods have better structure preservation 

than the two others. The SSIM scheme not only presents 

lightly better visual effect but also has less distortion 

especially in respect of the large structure features such as the 

outlines of skulls and brain tumor. The large structure 

information is more important than details for doctors to 

diagnose the tumor status. 

Above, we compare the perception effects several 

classic image fusion schemes. To further evaluate 

quantitatively the ability of different fusion methods in 

respect of exacting the large features (or edges), we use the 

proposed metric QX and QP, QY to compare the performances 

of the above fusion schemes. Table I presents the compared 

results of the above discussed fusion methods based on a 

small CT/MRI medical image database for diagnosis. The 

scores prove that the proposed metric QX has better 

identification ability than QP and QY. For instance, it is not 

easy to recognize the differences of the fused images based 

on StrP and SSIM from the Fig 1. (g) and (h) by human eyes, 

but it is easy to judge which image fusion scheme is better for 

preserving the structure features of the source images. 

Although all the three metrics have the ability to evaluate the 

different fusion methods, the data in Table.1 shows that the 

value of proposed metric QX is larger than the others in that 

the QX combines the multi-scale structure information from 

the source images and the QP and QY just consider similarity 

of the final fused image and the source images. With respect 
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to the data differences between two different image fusion 

methods, the QX is largest. This means the proposed metric 

has better distinguishing ability of both image fusion 

algorithms. 

VI. CONCLUSIONS 

This paper has designed image and message embedded 

barcode, named the PiCode. Comparing with existing picode, 

it provides high perceptual quality, reducing distortion and 

maintains the decoding robustness. It is achieved by 

improving MS-SSIM value according to the embedding 

intensity. The multi-scale structural similarity (MS-SSIM) 

metric which aims to design quality measures that can 

automatically predict perceived image quality. 

The experiments are conducted with quality 

parameter λ =40 have highest MS-SSIM scores across all 

images as compared to existing system. For the high capacity 

case, a quality improvement can be achieved by PiCode 

because module size gets smaller and the modulation 

waveform becomes less obtrusive to the overall image. 

Comparisons with the past experiment results show that 

PiCode has maintained a better trade-off between the 

perceptual quality and the decoding robustness. Advantage of 

using PiCode in advertisement business to link customers in 

a more interactive, interesting, and unique way. 

 
MS-SSIM = 0.72            MS-SSIM = 0.46 

 

 
MS-SSIM=0.35                     MS-SSIM = 0.84 

 

 
MS-SSIM = 0.61                  MS-SSIM = 0.49 

 
Fig. 2: PiCode samples with various embedded images, 

capacities and embedding intensities. (a-c) Low capacity 

PiCodes = 10; 25; 40; (d-f) High capacity PiCodes with = 

10; 25; 40. The subtitles show mean and standard deviation 

of the MS-SSIM scores in each image 
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