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Abstract: With the development of technology, QR codes play an important role in information
exchange. In order to work out the problem of uneven illumination in automatic sorting in logistics
systems, an adaptive method in binarization is presented. The proposed method defines the block
windows’ size adaptively for local binarization based on the traits of the QR code. It takes advantage
of integral images to calculate the sum of gray values in a block. The method can binarize the QR code
with high quality and speed under uneven illumination. Compared with several existing algorithms,
it is shown that the proposed method is more effective. The experimental results validate that the
proposed method has a higher recognition accuracy and is more efficient in binarization.
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1. Introduction

Shortly, the IoT will affect many fields, such as retail, agriculture, and transportation [1].
To be more specific, people may control the heating, lighting, and other home equipment
by constructing intelligent home systems using IoT technologies [2]. Moreover, the IoT may
boost logistics systems’ flexibility, robustness, and productivity [3,4]. While building the IoT
ecosystem, the QR code, the entrance to the Internet of Things, plays a significant role. QR
codes can not only store a large amount of information but also have vital error correction
functions and low production costs, which makes them very valuable. In logistics systems,
the packages are transmitted onto the conveyer belt. When the scanner near the conveyer
belt recognizes the QR code on the packages, the local computer will upload information
to the cloud and obtain a response to change the moving direction of parts of the belt
to sort the packages. Then, the packages with the same destination will be put together
and delivered.

It can be seen from Figure 1 that the sorting operation depends on the QR code.
Combined with QR code technology, it is possible that logistics companies then implement
the unmanned management of sorting and package tracking. The accuracy and speed of QR
code recognition will directly affect sorting efficiency. However, in complex environments,
QR code recognition is often affected by other factors, such as uneven lighting. There
are several ways to deal with this factor. Wellner [5] proposed a method that used an
average of surrounding pixels as a threshold to segment the image. Sauvola [6] devised a
way of utilizing the average and deviation of gray values in an area to set the threshold.
Zhang and Yang [7] proposed an improved algorithm based on that of Sauvola to speed
up the calculation process, but the size of the processing window limited the algorithm.
Di et al. [8] proposed an improved method based on Wellner’s, and the results can be
obtained through simple calculations. However, the algorithm is not effective in the case of
severe unevenness of light. Yang and Feng [9] came up with an algorithm combining the
methods of Bersen [10] and Otsu [11]. The algorithm will modify the threshold to prevent
misclassification. However, several parameters in the algorithm need to be set manually,
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lacking some adaptive ability. Wu et al. [12] found a method of using BTC to segment
an image into multiple blocks for binarization. This method is computationally intensive,
and its effect depends on the number of segmented blocks. Chen et al. [13] proposed a
window-adaptive binarization algorithm before; the proposed method has a favorable
adaptive ability. The algorithm meets the requirements of the warehouse sorting systems,
but it cannot meet the needs of the logistics sorting system because the automatic scoring
in the logistics system has a higher requirement for efficiency.
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In addition, feature extraction is a standard method in image processing. Ren et al. [14]
presented an automatic end-to-end supervised deep learning framework to improve the
accuracy of object segmentation and extraction. Sun et al. [15] proposed a novel SpaSSA
approach for effective extraction and classification accuracy. Although there are substantial
binarization methods in the QR code image, few feature extraction methods are utilized in
QR code image processing.

Considering the needs of the logistics sorting system while extracting the features of
the QR code, we propose a fast adaptive binarization algorithm, which solves the problem
of difficult window definition and achieves a high recognition rating. The algorithm first
determines the window size by searching for the position detection patterns and then
combines the improved local binarization algorithm for processing. The experimental
results show that the algorithm can not only process QR codes with different degrees of
uneven illumination but also improve the quality of the fast-processed images.

2. Related Work
2.1. Features of QR Code

In the QR code, the information is encoded in a binary representation. As shown
in Figure 2, the dark modules, or black modules, usually represent “1”, while the light
modules, or white modules, often represent “0”. In the upper left, lower left, and upper
right corners of the QR code are the position detection patterns. When the mobile device
detects the three modules, it can determine the position and direction of the QR code and
prepare for decoding. The three position-detection patterns in the QR code have the same
size and are composed of three concentric squares. The width ratio of the dark module to
the light module of the position detection pattern is 1:1:3:1:1.
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2.2. Some Binarization Algorithm

At present, traditional binarization algorithms can be divided into two categories.
One is the global threshold algorithm, which divides the image according to a specific
gray value. The most commonly used global threshold algorithm, the Otsu algorithm,
determines the threshold T by calculating the maximum between-class variance and then
calculates the gray value f (x, y) of each pixel on the image according to Equation (1) to
obtain the final value g(x, y) of the pixel. The calculation process of this kind of algorithm is
relatively simple, and the calculation speed is fast. However, because the algorithm uses
a uniform threshold, image details and information are seriously lost in more complex
environments, and the processing effect is poor.

g(x, y) =
{

255, f (x, y) > T
0, f (x, y) ≤ T

(1)

The other is a local threshold algorithm. The core of this algorithm is to use different
thresholds to binarize the pixels in the image. The processed image can well restore the
details of the image. Similar to the idea of Sauvola’s algorithm, first take one pixel as the
center and create a local window of w × w size; second, calculate the average gray value
m(x, y) in the window, and then calculate the gray value standard deviation σ(x, y) of the
pixel in the window according to Equation (2); then calculate the threshold value T(x, y) of
the pixel according to Equation (3); afterward perform the same operation on each pixel to
obtain the respective threshold value; finally, segment each pixel.

σ(x, y) =

√√√√√ 1
w2

x+ w
2

∑
i=x− w

2

y+ w
2

∑
j=y− w

2

( f (i, j)−m(x, y))2 (2)

T(x, y) = m(x, y)
[

1 + k
(

σ(x, y)
R

− 1
)]

(3)

Although the processing effect of such algorithms is relatively sound, the amount of
calculation is often too large, resulting in slow operation speed. More importantly, the
algorithm is often affected by the size of the processing window. If the window definition
is too small, a block phenomenon will occur. On the other hand, if the size is too large, the
algorithm’s effectiveness will be reduced, and the amount of calculation will be further
increased to reduce the processing speed.

Under complex lighting conditions, the traditional global binarization algorithm lacks
advantages in recognition rate. At the same time, the traditional local binarization algorithm
is also not ideal for processing speed and image segmentation effect. In order to accurately
binarize QR codes under complex illumination, many researchers have proposed their
methods. Zhou et al. [16] made improvements based on Sauvola’s method, combined
with the QR code feature definition parameter R in Equation (3). However, the problem
of defining the window size was not resolved. Zhang’s team [17] proposed an improved
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binarization method based on background grayscale. This method combines the joint
interpolation algorithm and uses the Otsu method to segment the image. Nevertheless, the
effect is general in the case of multiple light sources. Yao’s team [18] proposed an algorithm
that fuses the improved Niblack algorithm with Otsu’s algorithm. The algorithm is faster
than traditional local binarization methods but is not able to binarize QR code images
under different degrees of uneven illumination.

Based on the analysis of the above methods, there is still a lack of an efficient and
high-quality binarization algorithm, even under complex lighting conditions. Therefore, in
this paper, we bring forward an adaptive fast binarization method combined with QR code
features and an integral image method.

3. Method

Most local threshold binarization algorithms have the problems of slow operation
speed and obstacles in window definition. In order to solve the problems above, we
conducted research based on Sauvola’s algorithm. In this paper, the problem of window
selection of the local threshold algorithm is solved by combining the features of the QR
code image. The method in this paper first finds the position detection pattern through pre-
liminary binarization, then obtains the window size of the local threshold algorithm. Then,
it uses Sauvola’s and the integral image algorithm to accelerate the threshold calculation of
the QR code image and finally reconstructs the image based on the threshold to obtain the
binarized image.

3.1. Preprocessing

In daily life, the quality of the unprocessed QR code image is affected by the camera
quality of the mobile device, the algorithm processed after shooting, and the environment.
Due to these various factors, the image will be disturbed by noise, and the image will likely
add noise, so we need to perform median filtering on the QR code image to eliminate the
influence of noise.

Because the window size of the algorithm in this paper depends on the central black
module of the position detection pattern, we need to pre-process the QR code image to
enhance the contrast to ensure the integrity of the position detection pattern after the initial
binarization. Top-hat transform and histogram equalization are commonly used methods
to enhance contrast.

The top-hat transform can extract the image’s dark features or bright regions [19]. So
using top-hat transform, the dark module in the position detection pattern can be extracted
from the QR code with uneven lighting. The top-hat transformation of the grayscale image
I is performed according to

That = I − (I � b) (4)

where I � b represents the open operation and b is a structural element.
Because there is a width ratio of 1:1:3:1:1 between the modules in the position detection

pattern, the size of the structure element is defined as follows:

b =
max(h, w)

7
(5)

where h is the height of image I and w is the width. After obtaining the top-hat transformed
image That, we use Otsu algorithm to perform preliminary binarization processing on the
image That. The pre-processing flowchart is shown in Figure 3.

3.2. Define Window Size Adaptively

In order to solve the problem of window size selection, we performed a series of
studies. Initially, we processed the QR code image P1 (Figure 4) with a size of 300 × 300
and iterated from a window size of 1 pixel until the window size was 1/4 of the image width.
When the window size exceeds 1/4 of the image width, this will be too time-consuming
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to use in reality. Sauvola’s algorithm was used for binarizing the QR code image. After
obtaining several binarized QR code images after processing, we used two objective quality
evaluation standards, peak signal-to-noise ratio (PSNR), to judge the results. The larger the
calculated value of the evaluation standard, the higher the image quality after binarization.
Based on the evaluation of the processed pictures, we have drawn Figure 5.
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From the figure, we found that when the window size is set to about 30, the values of
PSNR reach the highest, after which the PSNR values remain stable. At the same time, by
analyzing the QR code image in Figure 4, we found that the size of the middle black module
in the position detection pattern of P1 is 30 × 30, as shown in Figure 6. When the size of the
window is the same as the size of the middle black block of the position detection pattern,
the PSNR values reach the highest after the QR code is binarized. Finally, in order to further
verify the relationship between the window size and the position detection pattern, we
performed the same experiment on five 300 × 300 size samples (as shown in Figure 7) and
obtained the results shown in Figure 8.
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As Figure 8 shows, when the window size increases, the image quality after binariza-
tion also increases. When the window size is close to the middle black module size of the
position detection graphic, the binarized image quality effect reaches the best. As men-
tioned earlier, most local threshold algorithms currently have the problem of complicated
window definitions. Therefore, the size of the black module in the center of the position
detection pattern is used as the window size of the local threshold algorithm, which can
effectively implement the adaptive selection of the processing window.

Subsequently, we used Adobe Photoshop to enlarge the proofs in Figure 7 to 450 × 450
and 900 × 900, two sets of samples, and gradually increased from a window size of 1, and
then binarized the samples to obtain Figure 9.

When the size of the sample is 450× 450, the middle dark module is close to 45× 45.
While the dark modules are near 90× 90 in the 900× 900 samples. From the processing
results of the two sets of samples, it can be seen that when the window is close to the
dark module in the middle of the position detection pattern, the PSNR values of the
image tend to be stable. However, the PSNR values tend to decline as the window size
becomes extensive. For each pixel, there is a local threshold algorithm with different
thresholds. When traversing each pixel to calculate the threshold, the window size will
affect the calculation speed. The larger the window, the slower the calculation speed.
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Therefore, the size of the dark module can be defined as the window size of the local
binarization algorithm.
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As we know, an image can be viewed as a two-dimensional array. Therefore, in order
to find the position detection pattern according to the characteristics of the module width
ratio 1:1:3:1:1, after obtaining the preliminary binarized image, we transform the image
into a one-dimensional array to obtain the array S. We can obtain the gray difference of the
adjacent pixels according to

Graydi f f = S(i + 1)− S(i) (6)

where i ≥ 1. When Graydi f f 6= 0, we record the current value of i to obtain the index array
Index_Array. Then, traverse Index_Array and find the 1:1:3:1:1 relationship. If the above
proportional relationship is found, the window size can be determined according to the
value of Index_Array.

3.3. Window Size Correction

It is found through experiments that in the case of slightly uneven illumination, the
initial binarized image after the top-hat transformation sometimes has the situation that the
position detection pattern cannot be determined. In order to improve the success rate of
finding the position detection pattern, when the above method fails to obtain the window
size, we try another method to obtain the window size again. Histogram equalization is an
adaptive contrast enhancement tool [20]. We can use it on the grayscale image I to enhance
its contrast and then perform preliminary binarization processing. Next, use the method
of Section 3.2 to obtain the window size value again. If there is still no way to obtain the
window size value for the histogram-equalized image, set the window size according to

window size =
min(h, w)

10
(7)

Finally, the method flowchart for obtaining the window size is shown in Figure 10.
We used the window size definition method just mentioned in combination with

Sauvola’s algorithm to select several samples of different sizes for the binarization experi-
ments. The original image and processing results are shown as follows.

It can be seen from Figure 11 that no matter what size the QR code image is, this
window definition method is effective and can accurately segment the image.
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3.4. Threshold Calculation and Binarization

As we all know, the operation speed of the local binarization algorithm is relatively
slow. Therefore, we use the integral image algorithm to speed up the operation speed
of the algorithm. The integral image is mainly used to calculate the sum of gray values
in a rectangular area [21]. Therefore, during the integral image algorithm of the QR
code, an integral image needs to be created—the pixels on the integral image store the
corresponding total gray values in the QR code. The values on the integral image are
obtained by the formula

Inte(x, y) =
x

∑
i=1

y

∑
j=1

G(i, j) (8)
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where G(i, j) represents the image That obtained by the top-hat transformation or the image
Hist obtained by the histogram equalization.

Suppose there is an image A, the gray values of its image pixels are shown in Figure 12a,
and the corresponding integral image is shown in Figure 12b.
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Generally, if you want to calculate the sum of gray values in the circled window in
Figure 13a, you need to use

S(x, y) =
x+ w

2

∑
i=x− w

2

y+ w
2

∑
j=y− w

2

I(x, y) (9)

for calculation.
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When using the local threshold algorithm, each time the threshold is calculated, the
pixel values in the accumulation window need to be traversed, which is a time-consuming
operation. In the case of using the integral image, the workload of the calculation is greatly
reduced. We can just process by the formula as follows:

S(x, y) = Inte(x + d− 1, y + d− 1) + Inte(x− d, y− d)− Inte(x− d, y + d− 1)− Inte(x + d− 1, y− d), (10)

where and d = w/2. Therefore, the calculation of the sum of gray values in the window in
Figure 13a only needs to be calculated as follows:

S(3, 3) = Inte(4, 4) + Inte(1, 1)− Inte(1, 4)− Inte(4, 1) = 40 + 1− 10− 4 = 27, (11)

According to Equation (11), only four calculations are needed to obtain the result,
while Equation (10) requires nine calculations. Therefore, calculating the sum of the gray
values using the integral image algorithm is more straightforward and faster than the
original Equation (10).

Because the method in this paper uses Sauvola’s method to binarize the QR code image,
when calculating the sum of the gray values in the window, combined with the integral
image, the calculation amount can be effectively reduced and increase the calculation speed.
Furthermore, the image can be binarized after the thresholds of all pixels are calculated
using the improved Sauvola’s algorithm.

We selected 30 proofs and used two methods for experiments. One is to use Sauvola’s
algorithm, and the other is to use Sauvola’s algorithm combined with the integral image
algorithm. Table 1 shows the result of the experiments.
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Table 1. Average consume time of the two algorithms.

Algorithm Average Time Consuming/s

Sauvola’s 4.2544
Savuola’s combined with integral image 0.0157

What can be learned from Table 1 is that the time consumption of Savuola’s algorithm
is far greater than that of another method. It proves that using the integral image algorithm
can improve binarization efficiency.

3.5. Morphological Processing

Using the localized binarized image will inevitably lead to some loss of image detail
and information, sometimes causing a pseudo-boundary. We can perform an opening
operation on the image to reduce the impact. The opening operation smooths the outline of
the image, breaking the narrow necks and eliminating fine protrusions. According to

A ◦ B = (A	 B)⊕ B (12)

The opening operation can be understood as the structure element B is first used to
corrode the image A, and then the structure element B is used to expand the result.

4. Experiments

In order to verify the effectiveness of the proposed method, we tested it in relation to
image quality, recognition rate, and computation speed and used the methods in [6,8,13,18],
for comparison. The parameters of the test environment are shown in Tables 2 and 3. The
software used in the experiments was ZXing and WeChat. ZXing is an open-source project
by Google. Most of the QR code identification software is improved based on this project.
Moreover, WeChat is the most widely used QR identification software in China.

Table 2. Hardware parameters.

Hardware Parameters

Processor Intel(R) Core(TM) i7-6700HQ CPU @ 2.60 GHz (8 CPUs)
Memory 16 GB SAMSUNG DDR4 2133 MHz

Smart Phone OnePlus 3 64 GB

Table 3. Software parameters.

Software Versions

Operating System Windows 10 Pro 64-bit (10.0, Build 18362)
MATLAB R2016a 64-bit

ZXing AndroidSDK 3.4.0
WeChat 7.0.10

4.1. Image Quality

The experiments used two standards, PSNR and the measure of structural similarity
(SSIM), to objectively evaluate the quality of the processed image. SSIM is the same as
PSNR, the more significant the value, the better the image quality. Moreover, SSIM is
well-matched to perceived visual quality [22]. We conducted the experiments with several
types of uneven illumination QR code images.

(1) Figure 14 shows the effect of different algorithms in processing the QR code, which
had a soft light in the lower right corner. We can still see the most details through
our eyes.
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(2) Figure 15 shows the effect of different algorithms in processing the QR code. Due to a
beam of light passing through in a diagonal direction, the QR code had an increased
uneven illumination phenomenon.

(3) Figure 16 shows the effect of different algorithms in processing the QR code. Two
strong lights focused on the QR code made it have different illumination acquisition
in different areas.

(4) Figure 17 shows the effect of different algorithms in processing the QR code. What
caused the uneven illumination phenomenon was that a local highlight stayed in the
middle part of the QR code. In this case, we can hardly see the modules in the image.

(5) Figure 18 shows the effect of different algorithms in processing the QR code. The
original image was shot under the environment where a glare gathered in the lower
right corner of the image. As a result, it is hard to recognize the position detection
patterns with our eyes.
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Electronics 2023, 12, 286 12 of 15

Electronics 2023, 12, x FOR PEER REVIEW  12  of  15 
 

 

(a) (b) (c) (d) (e) (f)  

Figure 17. The original image and experimental results of different algorithms: (a) Original image; 

(b) Sauvola’s algorithm; (c) Yao’s algorithm; (d) Di’s algorithm; (e) Chen’s algorithm; (f) Proposed 

method. 

(5) Figure 18 shows  the effect of different algorithms  in processing  the QR code. The 

original image was shot under the environment where a glare gathered in the lower 

right corner of the image. As a result, it is hard to recognize the position detection 

patterns with our eyes. 

(a) (b) (c) (d) (e) (f)  

Figure 18. The original image and experimental results of different algorithms: (a) Original image; 

(b) Sauvola’s algorithm [6]; (c) Yao’s algorithm [18]; (d) Di’s algorithm [8]; (e) Chen’s algorithm [13]; 

(f) Proposed method. 

According to the groups of experiments above, we obtained the values of PSNR and 

SSIM of different QR codes after using different algorithms. The exact data values are 

shown  in Table 4.  In order  to compare  the values more  intuitively, we drew Figure 19 

based on the data in Table 4. 

Table 4. The values of PSNR and SSIM of different QR codes after using different algorithms. 

Sample  Standard  Sauvola  Yao  Di  Chen 
Proposed 

Method 

(1) 
PSNR  6.4850  6.3371  6.3560  6.5013  6.6319 

SSIM  0.1583  0.1611  0.1505  0.1540  0.1619 

(2) 
PSNR  7.4802  8.5616  8.0232  8.8290  8.8727 

SSIM  0.3377  0.3590  0.3415  0.3625  0.3649 

(3) 
PSNR  6.7898  6.4156  7.1323  7.2810  7.4410 

SSIM  0.2698  0.2650  0.2941  0.2999  0.3042 

(4) 
PSNR  4.0721  4.2207  4.6880  5.5986  5.6867 

SSIM  0.1101  0.1167  0.1072  0.1368  0.1371 

(5) 
PSNR  4.0956  4.2298  5.0369  4.5181  5.3828 

SSIM  0.1061  0.1058  0.1245  0.1028  0.1404 

 

   

Figure 18. The original image and experimental results of different algorithms: (a) Original image;
(b) Sauvola’s algorithm [6]; (c) Yao’s algorithm [18]; (d) Di’s algorithm [8]; (e) Chen’s algorithm [13];
(f) Proposed method.

According to the groups of experiments above, we obtained the values of PSNR and
SSIM of different QR codes after using different algorithms. The exact data values are
shown in Table 4. In order to compare the values more intuitively, we drew Figure 19 based
on the data in Table 4.

Table 4. The values of PSNR and SSIM of different QR codes after using different algorithms.

Sample Standard Sauvola Yao Di Chen Proposed Method

(1)
PSNR 6.4850 6.3371 6.3560 6.5013 6.6319
SSIM 0.1583 0.1611 0.1505 0.1540 0.1619

(2)
PSNR 7.4802 8.5616 8.0232 8.8290 8.8727
SSIM 0.3377 0.3590 0.3415 0.3625 0.3649

(3)
PSNR 6.7898 6.4156 7.1323 7.2810 7.4410
SSIM 0.2698 0.2650 0.2941 0.2999 0.3042

(4)
PSNR 4.0721 4.2207 4.6880 5.5986 5.6867
SSIM 0.1101 0.1167 0.1072 0.1368 0.1371

(5)
PSNR 4.0956 4.2298 5.0369 4.5181 5.3828
SSIM 0.1061 0.1058 0.1245 0.1028 0.1404
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Figure 19. Curves of PSNR and SSIM values of different QR codes after using different algorithms:
(a) PSNR; (b) SSIM.

From Figure 14 to Figure 18 above, we can see that the algorithm in this paper is
significantly better than several other comparison algorithms. The algorithms of Sauvola
and Yao can restore most of the image details in scenes with uneven lighting caused by dim
light. However, unrelated dark modules are often introduced in more complex lighting
scenes. Furthermore, the QR code processed by the algorithms of Sauvola and Yao has
lower image quality. Di’s algorithm has a better processing effect on the types mentioned
above of QR codes, but occasionally details will be lost at the part that the light focuses
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on. The algorithm that we proposed previously can effectively deal with various types
of QR codes, but in the case of identifying position detection patterns difficultly in the
image, there will be a small number of details lost. It is worth noting that the PSNR and
SSIM values of sample QR codes after using the proposed method in this paper are the
largest, according to Table 4 and Figure 17. This proposed method gains an advantage
over other comparison algorithms in the image quality of the QR code after binarization.
Moreover, the proposed method hardly caused black blocks or information missing, even
in the complex lighting environment.

4.2. Recognition Rate and Processing Speed

In order to test the recognition rate and processing speed of various algorithms, the
experiment used 30 samples with slightly uneven illumination and 50 samples with strong
uneven illumination. The size of the samples is 300× 300. The results of the five algorithms
are shown in Table 5.

Table 5. Recognition rates after processed by different algorithms.

Algorithm Average Time Consume/s
Recognition Rate

ZXing WeChat

None —— 35% 48.75%
Sauvola [6] 4.3871 37.5% 37.5%

Yao [18] 0.0113 37.5% 42.5%
Di [8] 1.5310 53.75% 71.25%

Chen [13] 0.1715 88.75% 92.5%
Proposed Method 0.0611 92.5% 97.5%

It is shown in Table 5 that the recognition rate of Sauvola’s algorithms and Yao’s are
shallow, and the recognition rate of Sauvola’s is even less ideal than when no algorithm
is applied. The algorithm in this paper uses the integral image algorithm to speed up the
threshold value calculation, and the processing speed has been greatly improved, making
the processing efficiency much better than Sauvola’s. Surprisingly, it is faster than the
algorithm we proposed before. Compared with other methods, the algorithm proposed in
this paper has the highest recognition rate on ZXing V3.4.0 and WeChat Version 7.0.10.

In a word, the algorithm proposed in this paper has advantages in terms of processing
quality, speed, and recognition rate.

5. Conclusions

A new adaptive binarization method was put forward in this paper. This method,
combined with the features of the QR code, looked for the position detection patterns to
solve the problem of window size definition and dynamically define the size. In addition,
using an integral image algorithm in the method significantly improved the speed of
threshold calculation. After a lot of experiments and comparison with some excellent
current algorithms, the algorithm in this paper has advantages in processing speed and
quality of QR codes with uneven illumination. It meets the need for automatic sorting in
logistics systems and can also be applied there.
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