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Abstract. Aiming at the problems of poor image quality, low efficiency and
insufficient inter-frame coherence in traditional video production, this paper
proposes a video production scheme based on digital image processing. A
full-process processing system is constructed by integrating multiple technolo-
gies, including automatic color correction, optical flow inter-frame smoothing,
intelligent matting and deep learning-based super-resolution reconstruction.
Experiments show that the proposed scheme greatly improves image quality in-
dicators and raises editing efficiency by 60%. It effectively optimizes visual ef-
fect and production efficiency, and can be applied to short videos, film and tel-
evision post-production, teaching videos and other scenarios.
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1 Introduction

1.1  Research Background

The popularization of mobile networks and intelligent devices has boosted the rapid
development of the video industry, making high definition, intelligence and high effi-
ciency the mainstream development trend. Users demand higher video quality and
production efficiency. Traditional video production relies on manual operation and
fixed templates, often causing color distortion, detail loss, and slow processing[1].

Digital image processing can optimize images at the pixel level. However, existing
studies mostly focus on single algorithm application, lacking an integrated full-process
processing framework. Poor algorithm adaptability easily causes cascading errors and
fails to meet the demands of large-scale, high-quality and high-efficiency video pro-
duction!?.

1.2 Research Objectives and Contributions

Based on digital image processing technology, this paper constructs a standardized and
automated video production workflow. A frame sequence processing pipeline is es-
tablished to connect all production modules and ensure coordinated operation. Multiple
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algorithms including color correction, matting, optical flow smoothing and su-
per-resolution reconstruction are integrated to adaptively optimize image quality ac-
cording to video content.

Combined with key frame extraction, motion detection and semantic analysis, in-
telligent editing and automatic effect adaptation are realized to reduce manual inter-
vention. Comparative experiments combining objective indicators and subjective
evaluation verify the feasibility of the scheme, and practical technical parameters and
deployment suggestions are provided®.

2 Related Work

2.1  Application of Digital Image Processing in Video Optimization

Deep learning has become an important direction in image denoising, enhancement,
segmentation and reconstruction. Compared with traditional handcrafted processing,
recent models can automatically learn multi-level features, but video-production de-
ployment still requires pruning, quantization and acceleration to balance image quality
and computation cost[4].

2.2 Video Key Frame and Inter-frame Processing Technology

Video is composed of continuous image sequences, and inter-frame temporal correla-
tion determines playback smoothness. Key frame extraction, frame interpolation and
motion compensation are core video processing tasks. Optical flow calculates pixel
displacement for jitter elimination, slow-motion smoothing and frame rate improve-
ment. However, blocking artifacts, occlusion and large displacement can still reduce
stability. Recent flow-guided Transformer interpolation improves large-motion han-
dling and detail preservation[5]. This paper combines multi-scale optical flow with
edge-preserving filtering to reduce motion blur and artifacts.

2.3  Integration of Intelligent Technology and Video System

Image segmentation, object detection and semantic understanding promote intelligent
matting, automatic target tracking and automatic video editing. Traditional green
screen matting is limited by shooting conditions. Deep learning-based natural back-
ground matting has stronger universality, but edge accuracy and robustness still need
improvement in hair, transparent objects and complex backgrounds[6].

3 System Architecture Design and Key Technologies

3.1  Overall Architecture Design

The system adopts a four-layer architecture. The input layer standardizes the format
and parameters of imported materials. The core image processing layer undertakes
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image quality optimization. The video synthesis layer realizes frame arrangement and
audio-video synchronization. The output encoding layer controls bit rate, evaluates
image quality and exports final videos, realizing full-process integration of image
processing and video production.The overall system architecture is shown in Figure 1.
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Fig. 1. Overall System Architecture Design

3.2  Key Technical Mechanism

With digital image processing as the core, the system constructs a stable video pro-
duction mechanism around four major technical modules, including image prepro-
cessing technology, image enhancement and image quality improvement technology,
intelligent matting and synthesis technology, and video inter-frame processing tech-

nology. The architecture of the core technical mechanism is shown in Figure 2.
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4 System Implementation and Functional Modules

4.1 Core Functional Modules

The system covers the entire life cycle of video production with 9 core functional
modules, as shown in Table 1.

Table 1. Core Functional Modules of the System.

No.  Core Modules Module Description
1 Video Frame Extraction and Extract image sequences by frame rate, supporting
Recombination editing and reordering
) Tmage Noise and Blur Removal Re@ove noisej, moiré patFerns and compression
artifacts, repair blurred pictures
3 Intelligent Color Correction Autom.atically C'fllib?ate white balance, contrast and
saturation to maintain natural tone
4 High-precision Intelligent Automatically segment foreground and optimize
Matting edges without green screen
. Convert low-definition to high-definition, improve
5 Super-resolution Enhancement . . .
resolution and detail retention
6 Special Effect and Filter Syn-  Realize filters, light and shadow, gradient special
thesis effects based on image processing
4 Inter-frame Smoothing and Optimize video fluency and stability via optical flow
Frame Interpolation frame interpolation
g Subtitle and Image Synthesis Realize text-to-image conversion, watermark and

Logo fusion with translucent processing

S t H.264/H.265 di 1ti-f t t
9 Video Encoding and Output 4P Por . encoding, muiti-lotmat expor
and image quality control

4.2  Algorithm Process Design

The standard production process is divided into four steps:First, import materials, unify
format resolution and conduct frame extraction. Then perform frame-by-frame noise
reduction, clarity optimization, color calibration and super-resolution restoration. Next,
complete matting and special effect production, and optimize inter-frame fluency via
optical flow algorithm. Finally, edit key frames, match audio mixing, and encode to
export the final video.

4.3  Deployment and Operating Environment

The deployment and operating environment are configured in accordance with general
system deployment specifications, as shown in Table 2.
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Table 2. Deployment and Operating Environment.

Hardware/Software Configuration Description

CPU Intel 17 and above

GPU NVIDIA GTX 1660 and above
Memory 16GB+

System Windows 10 / Ubuntu 20.04
Dependency Libraries OpenCV, PIL, PyTorch, FFmpeg

5 Experimental Design and Result Analysis

5.1 Experimental Environment

The experimental environment is configured as shown in Table 3.

Table 3. Experimental Environment

Hardware/Software Configuration Description

Processor Intel 19-12900K

Graphics Card NVIDIA RTX 3090

Memory 32GB DDR4

Framework OpenCV 4.8, PyTorch 2.0, FFmpeg 5.0

5.2 Evaluation Indicators

Objective Indicators: PSNR, SSIM, processing frame rate, matting accuracy. Subjec-
tive Indicators: Color naturalness, edge smoothness, fluency

5.3  Experimental Results and Analysis

1. Real-time Processing Performance: At 1080p resolution, the average processing
frame rate exceeds 45 fps. At 4K resolution, the average frame rate remains about 30
fps because super-resolution reconstruction and optical-flow estimation increase
computational overhead. With TensorRT acceleration, the 4K frame rate can reach 40
fps[5,7]. The acceleration configuration adopts FP16 mode, dynamic batch processing
and a 4 GB workspace; the training settings are batch size 16, learning rate 0.0001, 100
epochs and Adam optimizer.

2. Intelligent Effect Accuracy: On the COCO-style test set, mAP@0.5 reaches
92.3%. On the public matting test set, the average Intersection over Union (mloU)
reaches 96.5%, and the segmentation accuracy of fine areas such as hair reaches 94.3%.
With the AdalN style transfer module, the average subjective naturalness score is
4.55/5 (91%)[6]. These results indicate improved single-frame quality, foreground
extraction stability and visual coherence.
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6 Conclusion

In conclusion, this study constructed a full-process video production framework cen-
tered on digital image processing and integrated automatic color correction, opti-
cal-flow-based inter-frame smoothing, intelligent matting, deep learning su-
per-resolution and standardized encoding output. The workflow connects material
import, frame extraction, enhancement, matting, effect synthesis, interpolation and
export, reducing repeated manual adjustment and improving inter-module coordina-
tion. Experiments show that the system maintains more than 45 fps at 1080p and about
30 fps at 4K; with TensorRT FP16 acceleration, the 4K frame rate can reach 40 fps. The
detection mAP@0.5 reaches 92.3%, the matting mloU reaches 96.5%, the subjective
naturalness score reaches 4.55/5, and editing efficiency is improved by 60%. These
results demonstrate that the proposed method improves image clarity, color con-
sistency, foreground extraction accuracy and temporal fluency, making it suitable for
short-video production, film and television post-production and educational videos.
The remaining limitation is that complex occlusion and very large motion may reduce
edge stability, so future optimization should focus on lightweight deployment and
robustness.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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