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Abstract: Through the analysis of the requirements for page-turning detection algorithms on smart 

reading devices, a picture book page-turning detection algorithm based on perceptual hashing is 

designed and efficiently implemented in C language. The principle of the perceptual hashing algorithm 

is detailed, along with the implementation process and threshold update strategy. Experimental analysis 

is conducted to evaluate the effectiveness of the algorithm, and key parameters are selected and optimized. 

The experimental results show that the algorithm performs well both on general-purpose PCs and 

embedded devices. On a manually annotated test set, the detection rate reaches 94.5%, providing an 

implementation idea for page-turning detection on devices. Future work will focus on optimizing 

performance in special scenarios and improving the robustness of the algorithm. 
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1. Introduction 

In today's digital and intelligent era, the popularity of intelligent reading devices such as e-readers 

and tablet PCs has brought people a brand new reading experience. These devices not only have the 

advantage of convenient storage and carrying, but also can enhance the fun and interactivity of reading 

through rich multimedia elements. Especially for children's books, such as picture books, the application 

of smart reading devices provides a more vivid and attractive way for children to read. 

Intelligent reading devices generally use the built-in camera to take continuous pictures, 

automatically detect the user's actions such as changing books and turning pages, and automatically 

obtain the photos that need to be recognized, so the page turn detection of picture books has become an 

important research topic. The accuracy and timeliness of picture book page turn detection directly affects 

the smoothness and experience of children's reading. Effective page turn detection of picture books can 

realize automatic page switching, playing related audio or animation, etc., creating a more immersive 

reading environment for children. 

In practice, picture book page turn detection faces many challenges. For example, different reading 

scenes (e.g., changes in indoor light, differences in reading angle) may lead to changes in the quality and 

characteristics of image acquisition; children may turn the page quickly or incompletely when reading, 

which requires the detection algorithm to have high sensitivity and accuracy; in addition, in order to 

ensure real-time, the detection algorithm needs to complete the processing in a shorter period of time in 

order to avoid lags or delays. 

The perceptual hash algorithm, as an efficient method for image feature extraction and similarity 

comparison, has achieved remarkable results in the fields of image recognition and content retrieval [1-7]. 

Applying the perceptual hash algorithm to page turn detection in picture books is expected to solve the 

above faced challenges and improve the accuracy and efficiency of detection. 

In this paper, we propose a page turn detection algorithm for picture books based on perceptual 

hashing, aiming to provide more accurate and reliable page turn detection service for picture books 

reading in smart reading devices, and to enhance children's reading experience. 

2. Technical Principle 

In intelligent picture book reading devices, there are currently two ways for the client to obtain photos 

through the built-in camera: 
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1) Continuous camera, automatically detecting the user's operations such as changing books and 

turning pages, and automatically obtaining the photos that need to be retrieved; 

2) Timed camera, which gets multiple pictures per unit of time, retrieves them all, and gets the best 

candidate from them. 

The following algorithm mainly focuses on the first method, and proposes a feasible page flip 

detection i.e. video motion detection scheme. 

Perceptual Hash Algorithm (PHA) is a collective term for a class of hash algorithms, which are mainly 

used in the search work of similar images. It can convert the features of a picture into a set of “fingerprint” 

strings (hash values), by comparing these fingerprints to determine the similarity of the picture. 

2.1 Mean hash 

Mean hash algorithm mainly uses the low frequency information of the picture, and its process mainly 

contains reducing the size, simplifying the color, calculating the average value, comparing the gray value 

of the pixels and calculating the hash value. 

The hash value is not much affected for pictures that are enlarged or reduced, change the aspect ratio, 

increase or decrease the brightness or contrast, change the color, and so on. 

The similarity of two images can then be measured by the Hamming distance of their hash values: 

first calculate the hash fingerprints of these two images, which is the 64-bit 0 or 1 value, and then 

calculate the number of different bits (Hamming distance). If this value is 0, it means that these two 

images are very similar, if the Hamming distance is less than 5, it means that they are somewhat different 

but more similar, if the Hamming distance is greater than 10, it means that they are completely different 

images. 

2.2 Enhanced algorithm: pHash 

The mean hash, although simple, is very much affected by the mean value. For example, gamma 

correction or histogram equalization of an image affects the mean value and hence the final hash value. 

There exists a more robust algorithm called pHash, which takes the mean value approach to the extreme. 

Use Discrete Cosine Transform (DCT) to get the low frequency components of the image. 

Discrete Cosine Transform (DCT) is an image compression algorithm that transforms an image from 

pixel domain to frequency domain. Generally images have a lot of redundancy and correlation, so after 

transforming to the frequency domain, only a very small portion of the coefficients of the frequency 

components are not zero, and most of the coefficients are zero (or close to zero). 

The flow of the pHash algorithm [8-9] is as follows: 

1) Reduce the size: pHash starts with small images, but images larger than 8*8, 32*32 is the best. 

The purpose of this is to simplify the DCT calculation, not to reduce the frequency. 

2) Simplify color: Convert the picture into a grayscale image to further simplify the calculation. 

3) Calculate DCT: Calculate the DCT transform of the picture to get a 32*32 matrix of DCT 

coefficients. 

4) Shrink DCT: Although the result of DCT is a 32*32 size matrix, we just need to keep the 8*8 

matrix in the upper left corner, which presents the lowest frequency in the picture. 

5) Calculate the mean value: just like the mean hash, the mean value of the DCT is calculated. 

6) Calculate the hash value: this is the main step, according to the 8 * 8 DCT matrix, set 0 or 1 of the 

64-bit hash value, greater than or equal to the average value of the DCT is set to “1”, less than the average 

value of the DCT is set to “0”. Combined together, it constitutes a 64-bit integer, which is the fingerprint 

of this picture. 

The result does not tell us the low frequency of authenticity, but only a rough idea of the relative 

proportion of the frequency relative to the mean. The advantage of the perceptual hash algorithm is that 

the operation speed is extremely fast, and no matter how the picture's height and width, brightness or 

even color changes, as long as its overall structure remains unchanged, the generated hash value will not 

change, which makes it in the field of image recognition, similar picture search and other fields have a 

wide range of applications. 
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For example, in the image search engine, the perceptual hash algorithm can be used to quickly screen 

out images similar to the target image; in image copyright protection, the hash value of the image can be 

calculated to establish an image fingerprint library, which can be used to detect the existence of copyright 

infringement and so on [6]. At the same time, the algorithm also has certain limitations, for example, for 

some images that have undergone complex transformations or have small content differences, it may be 

difficult to accurately distinguish their similarity. In practical applications, it is usually necessary to 

combine with other algorithms or methods to improve the accuracy and effect. 

3. Algorithm realization 

The algorithm mainly obtains the characteristic parameters of the image to be detected, and 

determines the state of the image to be detected according to the characteristic parameters, where the 

state refers to the page-turning state and stable state, the page-turning state indicates that the image to be 

detected is still in the user's page-turning action, and the stable state identifies that the image to be 

detected is a stable image after the user performs page-turning, and the stable state image can be used for 

the subsequent further operations of the intelligent reading device, such as image recognition [7-9]. 

3.1 Algorithmic flow 

The overall framework flowchart of the algorithm is shown in Figure 1. 

 

Figure 1: Flowchart of page-flip detection algorithm 
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The core code of the algorithm is shown in Figure 2. 

 

Figure 2: Core code of page-flip detection algorithm 

3.2 Updating of Threshold Threshold Values 

As shown in the above algorithm flow, after each detection of the stable state, the update of the page-

flip state and the stable state threshold value is performed, and the updated value is used as the subsequent 

detection. 

The following influencing factors are mainly considered for updating the page flip threshold: 

1) Imaging parameters. This mainly includes parameters such as image tilt angle and brightness of 

the imaging environment; 

2) Parameters that can characterize the size of the page flip possibility for N consecutive images; 

3) Parameters that characterize the speed of page turning. 

The following influencing factors are mainly considered for updating the stabilization threshold: 

1) The page turn threshold value determined above; 

2) The parameter that characterizes the probability size of the steady state for N consecutive images; 

3) Parameters that characterize the speed of page turning. 

The key parameters such as the mean value of the average value of the Hamming distances of the 

current image to be detected and the M consecutive frames of the image in front of it, the mean value of 

the maximum Hamming distance, and the mean value of the minimum Hamming distance are mainly 

taken into account in the calculation of the Hamming distance.  
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4. Experimental results and analysis 

4.1 Evaluation indexes and experimental data 

The evaluation of the effect for the picture book page turn detection algorithm is mainly evaluated 

from the following indicators: 

(1) Detection rate: refers to the number of times the algorithm detects one clear image after the user 

has performed a page-turning action, that is, the stable state image mentioned by the above algorithm. 

The detection rate is equal to the number of steady state images detected by the algorithm divided by the 

total number of all steady state images. (Explain that for every page turn that occurs after the user may 

produce a number of consecutive clear images, these images are counted as a stable image, the detection 

results belong to any one of them are considered to be detected correctly). 

(2) multi-detection rate: such as the above users may produce a number of consecutive clear images 

for each page action, for these images if the algorithm gives a number of stable state, it is considered to 

be more detected, which will increase the number of subsequent image recognition and detection of 

intelligent reading devices, will increase the power consumption of the device and may lead to the risk 

of intelligent reading devices as a whole can not be in real time, so the project is also an important 

evaluation index of the page detection algorithms. So this item is also an important evaluation index of 

the page-flip detection algorithm. 

Experiments using the image shown in Figure 3. 

 

Figure 3: Example of page-turning detection map 

The test image is a 12-megapixel camera with a maximum resolution of 1920*1080, simulating the 

camera position placement of the intelligent reading device, 10 people were selected to complete the 

video capture of the page-turning action of 88 picture books, and the captured video was later processed 

in accordance with the 30fps for the video-to-image sequence. The experimental data are shown in Table 

1. 

Table 1: Test data set 

Data set Total number of images Number of stabilized images 

to be detected 

Commonly Illustrated Books 82896 1890 

4.2 Threshold threshold test 

For normal page turning and fast page turning, the Hamming distance between the two frames before 

and after is greater than 10 and lasts for more than 3 frames when in the page turning state; while in the 

slow motion page turning, it is difficult to determine the page turning state by the Hamming distance 

between the two frames before and after, because the image changes are not obvious enough. Therefore, 

we consider comparing the Hamming distance of image hash fingerprints at intervals. 

Calculate the Hamming distance of 4 frames apart, and get the results as in Figure 4: 
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Figure 4: Hamming distance for images differing by 4 frames 

At this time, the page-turning action in all three cases can be clearly observed, and it is known through 

experiments that the Hamming distance of 4 frames difference is more accurate for judging the page-

turning action. 

The following values were obtained from the experiments to determine the conditions of the page-

turning state and the stable state: 

1) Page turning: the Hamming distance between the two frames before and after is >=10 for 10 frames; 

2) Stable: the Hamming distance between the front and back images is <8 for 5 frames. 

4.3 Algorithm Effect 

By implementing the page-flip detection threshold adjustment strategy in multiple groups, the 

improvement of the recognition effect is shown in Table 2. 

Table 2: Algorithm effect test 

 Baseline Optimized version 

Test set Detection Rate Multiple Detection Rate Detection Rate 

Multiple 

Detection Rate 

88 books 66.29% 3.44% 94.54% 1.31% 

4.4 Algorithm Performance 

In order to compare the performance of the page-flip detection algorithm, two platforms were selected 

for testing and the results are shown in Table 3. 

Table 3: Algorithm efficiency test results 

Target 

Platform 
Processor 

Memory required 

for algorithms  

Average time spent per image 

detection (in milliseconds) 

PC 
12th Gen Intel(R) Core(TM) 

i7-1260P 2.10 GHz 
374KB 1.1 

MT8167A Cortex-A35 1.5G quad-core 374KB 2.4 
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4.5 Analysis of results 

This experiment provides a detailed evaluation of the efficiency and accuracy of page flip detection. 

By testing the performance of the algorithm under different platforms and verifying the accuracy on 

multiple datasets, the following analysis results can be obtained: 

1) Algorithm efficiency related analysis 

The tests of the algorithm on two different hardware platforms show that on a general-purpose PC, 

the average time consumed for each image detection is only 1.1 ms, which is attributed to its powerful 

computational capability and high processor frequency, while the detection time consumed by MediaTek 

MT8167A platform, despite its not-so-low configuration, increases significantly to 2.4 ms. This shows 

that the performance of the algorithm on a chip with less processing power needs to be further optimized. 

However, the overall performance performance are better; in addition, the algorithm memory occupation 

is independent of the platform, only 374KB is needed, showing good memory management. 

2) Algorithm Accuracy Analysis 

In the accuracy test, the results of stabilized images after manually labeled page turns were used as a 

benchmark to ensure the accuracy and authority of the evaluation. The test results show that the detection 

rate can reach 94.5%, the multi-detection rate is controlled within 2%, and the overall algorithm effect 

reaches usability. 

The reasons for the poor recognition effect on individual test sets are analyzed as two main reasons: 

one is that the individual picture book images are too single, resulting in poor feature extraction; the other 

is that the recognition effect and the camera position, the angle of the user's book placement, the speed 

of page turning, and the ambient brightness at the time of the image acquisition have a greater relationship, 

and need to be further optimized. 

Comprehensively analyzing the above, the drawing page turn detection algorithm in this study shows 

efficient and relatively accurate recognition ability. However, there is still room for improvement in the 

effect for special scenes. Future work can focus on improving the robustness of the algorithm and further 

enhancing the effect. 

5. Conclusion 

Through in-depth research and practice on the page turn detection algorithm for picture books, an 

efficient and accurate detection method has been proposed, and the method has been designed and 

implemented in detail. The test on the two platforms shows that the algorithm has a fast processing speed 

while ensuring a high accuracy rate, which can meet the real-time requirements of intelligent reading 

devices. 

The experiments also show that there is still room for improvement in the current work. In particular, 

the improvement of the effect when the camera captures images with poor position and the improvement 

of robustness of different platforms will be the focus of future work in the expectation that the algorithm 

can be applied more effectively on smart reading devices. 
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