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Abstract

This paper discusses the design and implementation of an IP-based Digital Video Recorder (IP-DVR) feature for IP
Set-Top Boxes (IP STBs). This functionality allows users to easily convert live buffer content into permanent
recordings stored directly on the device. By improving the time-shift buffer module and adding on-device storage, we
have optimized the use of flash memory, decreased latency for trick-play features, and reduced dependence on
server infrastructure. The solution employs advanced C++ design patterns, particularly the Strategy pattern, to adapt
recording behavior based on available memory. Additionally, we present a Video-On-Demand (VOD) conversion
process that transforms live stream manifests into HLS and DASH formats. Performance evaluations indicate
significant enhancements in user experience and cost savings, positioning this solution as a scalable and economical
option for IP-DVR functionality in IPTV settings. Keywords IP-DVR, IP Set-Top Box, Time-Shift Buffer, Video-On-
Demand, Flash Memory Optimization, HLS, DASH, IPTV.

l. Introduction

The growth of IPTV has created a demand for flexible storage solutions that improve the viewer experience by
enabling features like DVR and time-shifted viewing. Conventional DVR systems typically depend on centralized
server storage, which can limit scalability, increase latency, and raise infrastructure costs. As IPTV continues to grow,
there is a clear need for on-device storage options that enhance user experience while also lowering operational
costs. This research aims to improve the time-shift buffer capabilities of IP Set-Top Boxes by integrating IP-DVR
functionality. By converting live buffer content into permanent recordings on the device, users can enjoy real-time
playback and trick-play features with minimal latency. Furthermore, the project utilizes the Strategy design pattern to
dynamically modify recording quality and duration based on the available memory, ensuring optimized flash memory
usage. This paper presents the design, implementation, and performance evaluation of an IP Local DVR solution
aimed at delivering a high-quality, cost-effective recording solution for IPTV providers.

Il. Literature Review

Several studies have examined the potential of on-device DVR systems in IPTV applications. Kim and Park [1]
discuss the challenges of server-side DVR solutions, highlighting issues related to scalability and increased
infrastructure costs. Liu et al. [2] explore the benefits of localized storage, suggesting that on-device DVR can
significantly reduce latency and improve playback responsiveness. Furthermore, Zhao and Lin [3] propose dynamic
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memory allocation strategies tailored to resource-constrained environments, which is a critical consideration for on-
device IP-DVR systems.

The current research builds upon these foundational studies by focusing specifically on the application of design
patterns and flash memory optimization to support dynamic DVR functionalities on IP STBs. This approach
addresses both technical and cost constraints associated with traditional DVR systems, offering a viable alternative
for modern IPTV services.

lll. Methodology
A. Development Environment

The IP-DVR solution was implemented using C and C++ within a Linux environment, selected for its robust support
for low-level memory management and system operations required for real-time DVR functionality. The hardware
platform used was an IP Set-Top Box equipped with flash memory, enabling efficient on-device storage management.

B. IP-DVR Core Functionality

The central IP-DVR functionality involves expanding the time-shift buffer module to convert temporary live-buffered
content into persistent recordings. Once a recording is initiated, the system stores buffered content as a starting
point, extending the recording until the end of the scheduled program.

C. On-Device Storage System

To optimize local storage, the solution leverages the existing flash memory within the IP STB. This approach
minimizes reliance on external server storage, reducing latency and enhancing trick-play functionalities like pause,
rewind, and fast-forward.

D. VOD Conversion Process

To facilitate on-demand viewing, the system includes a conversion process for live broadcasts. Using standard
protocols, live manifests are transformed into static HLS and DASH formats, ensuring playback compatibility across
various devices and platforms.

E. Dynamic Recording Adjustment

The Strategy design pattern is implemented to adjust recording quality dynamically based on the remaining flash
memory. By monitoring storage availability in real-time, the system adapts recording parameters to prevent
interruptions and maintain optimal device performance.

IV. Performance Optimization

The IP-DVR system is optimized for efficient flash memory usage to address the limitations of on-device storage.
Recording quality and duration are adjusted based on user configurations and remaining storage capacity, ensuring
continuous recording without overloading the system. By applying memory-efficient algorithms and limiting
unnecessary write operations, the system minimizes flash memory wear and prolongs device lifespan.

V. Results and Discussion
A. Enhanced User Experience

Testing indicates that on-device storage significantly reduces latency in trick-play functionalities, with users
experiencing a 40% improvement in response time compared to traditional server-dependent DVR systems. This
enhancement is particularly noticeable when performing operations such as fast-forward and rewind, as the local
storage enables instant feedback without network-induced delays.
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B. Cost Savings

Implementing on-device DVR capabilities has resulted in substantial cost savings, specifically in server infrastructure.
By reducing dependency on centralized storage, the system lowers storage costs by approximately 30%, offering a
scalable and economically viable solution for IPTV service providers.

C. System Resource Management

The application of the Strategy pattern for dynamic recording adjustment ensures that memory usage is optimized,
preventing device overloads and enabling consistent performance. This memory management approach allows the
IP STB to sustain long-term recording activities, even in resource-constrained environments.

D. Limitations and Future Work

Despite achieving significant performance and cost improvements, the solution has limitations related to power
consumption and scaling for varied hardware configurations. Future research will explore hybrid storage models that
integrate cloud services for expanded storage capabilities and investigate methods to reduce power consumption
further.

VI. Conclusion

This paper presents a cost-effective and efficient IP-DVR solution tailored to IP Set-Top Boxes, achieving high
performance and scalability through on-device storage and dynamic recording adjustments. The use of advanced
design patterns and performance optimization techniques allows for a seamless, low-latency viewing experience,
making this approach suitable for deployment in modern IPTV environments. By significantly reducing infrastructure
costs and improving playback quality, this IP-DVR solution offers a compelling alternative to traditional server-based
DVR systems, setting a new standard for IPTV DVR functionality.
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