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Gaussian-Wiener-based dense focal stack image synthesis
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Abstract: Objective In optical imaging systems, the depth of field (DoF) is typically limited by the properties of optical
lenses, resulting in the ability to focus only on a limited region of the scene. Thus, expanding the depth of field for optical
systems is a challenging task in the community for both academia and industry. For example, in computational photogra-
phy, when dense focus stack images are captured, photographers can select different focal points and depths of field in
postprocessing to achieve the desired artistic effects. In macro- and micro-imaging, dense focus stack images can provide

clearer and more detailed images for more accurate analysis and measurement. For interactive and immersive media, dense
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focus stack images can provide a more realistic and immersive visual experience. However, achieving dense focus stack
images also faces some challenges. First, the performance of hardware devices limits the speed and quality of image acqui-
sition. During the shooting process, the camera needs to adjust the focus quickly and accurately and capture multiple
images to build a focus stack. Therefore, high-performance cameras and adaptive autofocus algorithms are required. In
addition, changes in the shooting environment, such as object motion or manual operations by photographers, can also
introduce image blurring and alignment issues. These challenges are addressed by introducing the block-based Gaussian-
Wiener bidirectional prediction model to provide an effective solution. When the image is embedded into blocks and the
characteristics of local blocks for prediction are utilized, the computational complexity can be reduced, and the prediction
accuracy can be improved. Gaussian-Wiener filtering can smooth prediction results and reduce the impact of artifacts and
noise, which can improve image quality. The bidirectional prediction method combines the original sparse focal stack
images (FoSIs) with the prediction results to generate dense FoSls, thereby expanding the DoF of the optical system. The
Gaussian-Wiener bidirectional prediction model provides an innovative method for capturing dense focus stack images. It
can be applied to various scenarios and application fields, providing greater creative freedom and image processing capabili-
ties for photographers, scientists, engineers, and artists. Method This work abstracts the FoS as a Gaussian-Wiener repre-
sentation. The proposed bidirectional prediction model includes a bidirectional fitting module and a prediction generation
module. On the basis of the Gaussian-Wiener representation model, a bidirectional fitting model is constructed to solve for
the bidirectional prediction parameters and draw a new focal stack image. First, on the basis of the given sparse focus stack
image sequence, the number ranges from near to far according to the focal length. These numbers start from 0 and are incre-
mented according to a certain rule, such as increasing by 2 each time to ensure that all the numbers are even. These results
in a set of sparse focus stack images arranged in serial order. Then, all images were divided into blocks according to pre-
defined block sizes. The size of each block can be selected on the basis of specific needs and algorithms. The blocks
located in adjacent numbers are combined to form a block pair, which becomes the most basic unit for bidirectional predic-
tion. Before conducting bidirectional prediction, the image was preprocessed by dividing the focus stack image into blocks
and recombining them into block pairs. This preprocessing process can be achieved by using image segmentation algo-
rithms and block pair combination strategies. For each block pair, bidirectional prediction was performed to obtain the pre-
diction parameters. These prediction parameters can be determined on the basis of specific prediction models and algo-
rithms, such as the block-based Gaussian-Wiener bidirectional prediction model. In the bidirectional prediction module,
block pairs can be used to fit the best bidirectional fitting parameters, and on this basis, the prediction generation param-
eters can be solved. When the information of the prediction generation parameters and block pairs is applied, new predic-
tion blocks can be generated. Finally, when all the prediction blocks are concatenated according to their positions in the
image, new prediction focus stack images can be obtained. Result This experiment is performed on 11 sparse focal stack
images, with evaluation metrics using the peak signal-to-noise ratio (PSNR) and structural similarity index measure
(SSIM). The average PSNR of the 11 sequence generated results is 40. 861 dB, and the average SSIM is 0. 976. Com-
pared with the two comparison methods of generalized Gaussian and spatial coordinates, the PSNR is improved by 6. 503 dB
and 6. 467 dB, respectively, and the SSIM is improved by 0. 057 and 0. 092, respectively. The average PSNR and SSIM of
each sequence improved by at least 3. 474 dB and 0. 012, respectively. Conclusion The experimental results show that the
method proposed in this study outperforms both the subjective and objective comparison methods and has good performance
on 11 different scene sequences. Combined with ablation experiments, the advantages of bidirectional prediction in the
proposed method have been demonstrated. The results indicate that the proposed bidirectional prediction method can
effectively generate new focal pile images and play a crucial role in visual applications that target various depths of
the field.
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