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Optimal Conversion of HDMI or DVI Video Output to an Analog Signal
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Executive Summary

In order for a designer to build a Digital Video Recorder/Home Integrated Control (DVR/HIC) system, a designer must include the possibility for the input of a High Definition (HD) television signal. The progressing trend for HD satellite and cable receivers is to output the HD signal using an HDMI or DVI output. The problem with this type of output is that the only commercially available HD input modules for computers require an analog Component Video signal. The solution to this problem is to compare DVI and HDMI media formats and determine which offers the best conversion to the Component Video format.
Introduction
The directed study opportunity that is listed on Dr. Garlick’s website requires the development and build of an integrated computer system that controls and monitors several house-wide systems, sensors, and television streams. In order to integrate an HD input from the proposed DVR-942 Satellite Receiver, a a digital-to-analog conversion must occur to bring the receiver’s offered DVI or HDMI output to a component video media format which can be interpreted by a commercially available input module.


In order to do this, the designer must know which of these two formats of media output provides a better end result with the least amount of conversion and the least signal degradation.

Methods of Evaluation

In order to determine the best possible conversion method, I will need to research various methods of conversion from both DVI and HDMI formats to the Component Video format. Any given solution must follow two basic criteria:

Criteria
· Must provide the best combination of final signal integrity and least cost

· Must utilize commercially available tools and devices
Given the criteria, the options for a solution become limited. To build and design a custom input module so as to interface either the DVI or HDMI media formats with a computer is not feasible. This custom module would require extensive research and development costs as well as overstep legal limitations set on the DVI and HDMI formats. One other option the designer has is to require that the DVR/HIC system only accept non-HD signals. This is unacceptable as per the requirements of the DVR/HIC directed study proposal. Our only final option is to convert either the DVI or HDMI signal to a Component Video signal that can be passed into and processed by a computer with a commercially available input module.
Results
With some research into how DVI and HDMI media formats work, I discovered that the HDMI format specification is actually an extension of the DVI format. 
The DVI format provides a physical-layer medium for the transfer of a digital RGB color model signal format. It is capable of transferring two video signals at a time and no audio. 
The HDMI format specification expands on this by offering a smaller connection with virtually the same number of pins providing the same physical-layer medium. There is a difference, however, in the use of some of these pins. The HDMI format changes the purpose of several of these pins for use to carry up audio signals. These pins were originally used in the DVI format to transfer the second video signal, and therefore HDMI does not offer this second video signal feature.
Another expansion the HDMI format offers over the DVI specification is the ability to send video signals in either the 8-Bit RGB color model format or the 8, 10, or 10 bit YCbCr (Luma/Chroma) color model formats. Due to this factor, an HDMI implementation using the RGB color model format can become a DVI interface with almost no logical conversion. However, if the HDMI signal is of the YCbCr format, a conversion to RGB must occur before the signal can resemble a DVI interface.
One inherent problem in the conversion from YCbCr color model to RGB color model occurs when the YCbCr signal is represented with more than 8 bits. This extra bit-space becomes truncated when converting to the RGB color space because RGB does not have the bit-space to retain it. This could potentially cause a loss of sub-black signal (data that accompanies the video signal but is not used in the process of drawing the picture).
The cost of an HDMI to DVI converter that assumes the HDMI signal is in 8-bit RGB format can range anywhere from $29.95 (monstercable.com) for a name-brand product to $6.44 (monoprice.com) for an off-brand product. Given that the conversion process from RGB HDMI to DVI is only a pin match; an off-brand product should accomplish the same results as that of a name-brand product.

The cost of a DVI to Component Video converter can cost from $9.85 to $23.99 depending mostly on brand name. The DVI to Component Video converter is a simple pin-rerouting device so it too should not differ in design across different brands.
Conclusion

In order to interface an HDMI output to a Component Video input, it must first be converted to DVI. This step can be skipped by simply using the DVI output from the HD receiver device. The advantage of this skipped step includes a lower total price of all components needed. Using just the DVI output also avoid any possible degrading sub stream data loss from the initial HDMI connection. Although this only means this potential sub stream data is stripped within the HD receiver, the data loss can be dealt with by the HD receiver’s internal hardware to compensate for the loss if necessary.

Recommendation
It is my recommendation that a direct line from the DVI output of the HD receiver box leading to a DVI to Component Video adapter leading to an HD Component Input card is the best possible method, with respect to price and least number of conversions, to input an HD television signal.
