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[bookmark: _Toc375038038]INTRODUCTION
[bookmark: _Toc375038039]Scope and Purpose
This document defines digital video interface standards for all types of flight deck video. It represents the consensus view of airlines, airframe manufacturers, avionic suppliers, and others who participated in the development of this standard. This document is based on the American National Standards Institute (ANSI) Fibre Channel Audio Video (FC-AV) defined by ANSI INCITS 356-2002. 
Digital video transfer is the preferred method onboard aircraft for displaying both low data rate (sensor) and high data rate applications (image presentation). This standard defines a video interface protocol which can be used in avionics systems between video capture, image processing, computer graphics image generating equipment, and displays requiring the transmission of real-time video signals onboard aircraft.
This standard will minimize avionics system cost and aircraft maintenance costs by providing a limited number of standard video interfaces adapted to avionics needs. It will optimize interchangeability, maintainability, test equipment, etc. It will support a variety of development activities including Cockpit Display Systems (CDS), Head-Up Display (HUD), and video recording. Throughout this document, Avionics Digital Video Bus will be referred to as ADVB.
[bookmark: _Toc375038040]Document Organization
Sections 1 through 5 comprise the body of this specification. It is followed by five Appendices for information. These include example technical implementations.
[bookmark: _Toc375038041]Related Documents
[bookmark: _Toc375038042]Relationship of this Document to Other ARINC Standards
When new standards are developed for avionics systems that include capabilities defined by this specification, those standards should incorporate the applicable provisions of this specification by reference. References should be assumed to apply to the most recent version of this specification. Related ARINC Standards are listed as follows:
ARINC Specification 801: Fiber Optic Connectors
ARINC Specification 802: Fiber Optic Cable
ARINC Report 803: Fiber Optic System Design Guidelines
ARINC Report 804: Fiber Optic Active Device Specification
ARINC Report 805: Fiber Optic Test Procedures
ARINC Report 806: Fiber Optic Installation and Maintenance
[bookmark: _Toc375038043]Relationship to Industry Standards
The Fibre Channel family of ANSI standards is considered an integral part of ARINC Specification 818 and is considered required reading. The Fibre Channel – Audio Video standard is the primary reference since it deals with protocol. In this document, when referencing this standard, the title is shortened to simply “FC-AV.”
[bookmark: _Ref106006095]Fibre Channel – Audio Video (FC-AV) (ANSI INCITS 356-2002, 25 Nov 2002)
[bookmark: _Ref134414750]Fibre Channel – Framing and Signaling Interface (FC-FS) (ANSI/INCITS 373-2003)
Fibre Channel – Physical Interfaces (FC-PI) (INCITS 352-2002)
SMPTE Standard for Television – Component Video Signal 4:2:2 –Bit-Parallel Digital Interface (SMPTE 125M-1995)
[bookmark: _Ref57014734]SMPTE Standard for Television – Composite Analog Video Signal – NTSC for Studio Applications (SMPTE 170M-1999, 21 April 1999)
SMPTE Standard for Television – 10-Bit 4:2:2 Component and 4fsc Composite Digital Signals – Serial Digital Interface (SMPTE 270M-2001)
Electrical Performance Standards, Television Studio Facilities (EIA-STD-RS-170)
Electrical Performance Standards for High Resolution Monochrome Closed Circuit Camera (EIA-STD-RS-343A)
[bookmark: OLE_LINK3]Consultative Committee for International Radio 601 (CCIR 601) – Document specifies the image format, acquisition semantic, and parts of the coding for digital standard television signals.
Video Electronics Standards Association (VESA) Coordinated Video Timing (CVT) revision 1.1
[bookmark: _Toc375038044]RTCA and EUROCAE Documents
RTCA and EUROCAE develop Minimum Operational Performance Standards (MOPS) that are applicable to avionics equipment, systems, and processes. The latest revision of the following RTCA and EUROCAE documents pertain to this specification:
RTCA DO-160/EUROCAE ED-14: Environmental Conditions and Test Procedures for Airborne Equipment
RTCA DO-254: Design Assurance Guidance for Airborne Electronic Hardware
COMMENTARY
Specific performance levels identified in RTCA and EUROCAE documents are specified by the aircraft systems integrator according to the application.
[bookmark: _Toc375038045]Document Precedence
This Avionics Digital Video Bus (ADVB) standard is based on Fibre Channel – Audio Video (FC-AV) clauses 5 and 7, and defines Video Object classification mappings of Simple Parametric Digital Video (SPDV) protocol as defined in Annex A. The philosophy of this ADVB standard is to define changes to FC-AV only when the aeronautical environment or aviation user desires deviate with the provisions of 
FC-AV, or when it is necessary to remove ambiguity by restricting the options available to implementers. The contents of this document are limited to describing differences and FC-AV option restrictions. In the event of a conflict between this document and the applicable ANSI standards, this document takes precedence.
[bookmark: _Toc375038046]Regulatory Approval
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1.0 INTRODUCTION
Implementation of this standard should meet all applicable government, military, and regulatory requirements. Manufacturers are urged to obtain all necessary information for such regulatory approval. This information is not contained in this specification, nor is it available from ARINC.


[bookmark: _Toc375038047]ARCHITECTURE
[bookmark: _Toc375038048]Avionics Video System
Figure 2‑1 illustrates the variety of interconnections possible for distribution of image related information in an aircraft system. In the figure, the Display Unit (DU) symbol represents a typical display unit, e.g., any display, not necessarily restricted to a head-up or head-down display. The DU may be a smart display or a remote display. The Avionics Image Function blocks could represent equipment such as a flight recorder, a map/chart subsystem, synthetic vision subsystem, or video concentration and distribution subsystem. The Avionics Digital Video Bus (ADVB) includes an interface protocol capable of supporting the variety of architectural implementations that can be found in various avionic systems.
Throughout this document, the transfer of image information between video equipment types operates in a unidirectional transmission mode between video source and video sink.



[bookmark: _Ref105828587][bookmark: _Toc169668170]Figure 2‑1 – Aircraft Video Systems
[bookmark: _Toc375038049]Bandwidth Ranges
A wide range of bandwidths is necessary to support the equipment shown in 
Figure 2‑1. Some cameras are low resolution and low refresh rate devices, possibly monochrome. They require low bandwidth transmission paths. The Display Unit (DU) is the final destination of most video information used in an avionics system. The maximum bandwidth is necessary to support the information content. As displays grow to larger resolutions, there is a need for a corresponding increase in bandwidth. ADVB data rates are specified in Section 4.1.
Figure 2‑2 illustrates the relationship between bandwidth and display resolution. The ADVB interface allows for scalability within FC-AV to handle this diversity.

[bookmark: _Ref105993666][bookmark: _Ref117304369][bookmark: _Toc169668171]Figure 2‑2 – Display Bandwidth Chart
[bookmark: _Toc375038050]Scalability
The FC-AV protocol includes provisions for various methods of utilization. The ADVB definition allows designers to select an implementation of the standard that allows the most efficient use of resources. The expectation is that the ADVB will support display applications ranging from low resolution to high resolution (and beyond) as shown in Figure 2‑2 – Display Bandwidth Chart.
The capability to multiplex multiple video streams onto a single high speed link is provided. Details are provided in Section 3.5.
The capability to drive a display from two links is defined for applications where a single link does not have adequate speed. Details are provided in Section 3.6.
Flexibility in utilizing this ADVB standard also requires responsibility on the designers (users of ADVB) part to document specific implementations. For example, ADVB provides the capability to supply ancillary data. The standard will describe how ancillary data is to be handled but does NOT try to impart restrictions on the definition of specific information within the ancillary data. Designers are encouraged to document in an Interface Control Document (ICD) the specific details of data of this nature.
[bookmark: _Toc375038051]Integrity
The ADVB implementation must be able to support a variety of interfaces which may contain flight critical data.
The FC-AV protocol defines the use of Cyclic Redundancy Check (CRC) to verify the integrity of the Frame Header and Data Fields. ADVB implementations shall follow the FC-AV defined use of CRC per Fibre Channel – Framing and Signaling Interface (FC-FS) (ANSI/INCITS 373-2003), Section 17.5. Any lines that have a CRC failure should be discarded. For example, replacing line with black is one strategy.
Additional integrity checks are recommended. For example, either a prior image CRC should be included in the ancillary data, or the full image CRC should be transmitted out of the display unit for external verification (but not both). The former is used if the display itself has a high integrity mechanism for comparing and responding to a mismatch between prior image CRCs. Reporting the calculated CRC to an external monitor is generally the more flexible mechanism for a display system.
COMMENTARY
Caution needs to be exercised to ensure that the display image changes at some minimum rate (new image CRCs) to be sure that the display processing unit is not repeatedly sending a single container with the correct CRC for the stale image. This implies that the actual image generator needs to have an area of the image that will change for every update. This can be a small dedicated area on the screen or an off-screen test area. Notice that the monitor does not discard a bad image, it only reports it. The monitor then must decide if this is a persistent failure mode and disable the offending channel in a timely manner before it can cause hazardous or misleading data.
[bookmark: _Toc375038052] Video Connection
[bookmark: _Toc375038053]Overview
The video connection consists of the physical and protocol layers necessary to connect one piece of equipment to another in the system. The video connection will provide only unidirectional transfer of information. Direction of transfer of video information will always be from video source equipment to destination equipment. A second ADVB link may be used to provide data from the video sink to the video source. 
The protocol supports display synchronous timing generation and non-synchronous display timing. The latter typically involves a frame buffer (or buffers) to resynchronize the image to the timing needed to refresh the display. The former involves the insertion of blanking signals into the data stream to match the horizontal and vertical blanking periods of the display unit. Notice that the display unit may well include line memories to transition between the ADVB and display refresh pixel clocks, but that the time per line matches the horizontal timing requirements of the display unit.
No feedback is provided within the video connection for acknowledgement of receipt or for re-transmission of information. Some checking is provided for bus quality assurance or maintenance functions, but no error recovery is provided. The basic error rate of the connection must be sufficient to support the required error rate on the display.
Response to commands or fault detection within the ADVB may be communicated back to source equipment through means other than the ADVB video connection. 
[bookmark: _Toc375038054]Definition of Video Terms
Figure 2‑3 shows a typical representation of video parameters. It represents a complete video frame. However, later in this document, the word “frame” is used specifically to describe the ADVB data packet content. It takes multiple “ADVB frames” to represent a complete video frame. It is important to observe the use of this terminology.
The “active image area” contains the total transmitted image that is composed of an area visible to the observer and optional pixels outside the visible area of the display.
A “row” corresponds to the scan direction during the high-speed portion of scan time period.
A “column” corresponds to data entities existing along a row.
Vertical sync indicates the start of a video frame.
Horizontal sync indicates the start of row timing within the video frame.
Frame width is the total active image width plus the horizontal blanking width.


[bookmark: _Ref105993601][bookmark: _Ref116979515][bookmark: _Toc169668172]Figure 2‑3 – Video Frame Definitions
[bookmark: _Toc375038055]Source Specific Parameters
Source Specific Parameters are defined as information that must be transmitted between the source and destination for initialization, proper interpretation, periodic verification, or other reasons. This ADVB protocol will provide data fields so that source equipment can send data that is not visible within the Active Image Area, along with the video stream.
The following Source Specific Parameters are examples of data that could be supported:
Gamma or palette tables
Color format
Image scaling
Brightness and backlight control
Cockpit ambient light sensors
Integrity verification/test 
Display unit active area mapping
Display unit sub-image mapping (multiple containers per update)
Display unit enable/disable and source selection
Audio
HUD boresight values
Cursor position 
Cursor shape and control
[bookmark: _Toc375038056]Pixel Data Format
This information consists of the pixel data present in the active image area and blanking areas of the frame. Blanking can either be done by over scanning the image and/or by transmitting ADVB idles. Over scanning involves sending extra 
(off-screen) pixels, which are identified as such in the ancillary data. Over scanning is typically used for integrity testing purposes or for driving multiple displays from a single container. Blanking is generally used when the display extracts its timing from the bus.
COMMENTARY
AVDB can be configured to send a single large active area image to drive multiple display units, provided that each display can determine its active area, either by predefined mapping or by specifying the mapping in ancillary data. For example, two Extended Graphics Array (XGA) displays could be driven from a single container configured as 2048 x 768 (left/right). This would allow both displays to be synchronously driven from the bus timing with only line memories. A vertical mapping (1024 x 1536, top/bottom) is not recommended because it would be more reasonable to just send two XGA containers.
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[bookmark: _Toc375038057]ADVB PROTOCOL SPECIFICATION
[bookmark: _Toc66252964][bookmark: _Toc75852913][bookmark: _Toc375038058]General
FC-AV describes five levels of structure as shown in Figure 3‑1. ADVB will utilize a portion of each of those levels. The following sections describe the functions allowed under ADVB. The exception is FC-3. This layer typically deals with Network services related to connection establishment, protocol transformation, fabric and switching techniques. Within the unidirectional point-to-point nature of ADVB, this is not pertinent, and FC-3 does not apply.


[bookmark: _Ref105828564][bookmark: _Toc169668173]Figure 3‑1 – Fibre Channel (FC) Levels
At the FC-4 level the ADVB protocol utilizes a profiled version of the FC-AV Frame Header Control Protocol (FHCP), as documented in Section 7 of the 
FC-AV standard. The specifics of the FHCP used in the ADVB protocol are detailed within this document. FHCP matches the architectural needs of the avionic system described in Figure 2‑1, because all devices using FHCP are designated always in PLAY mode.
The specific Object Class primarily utilized is the Video Uncompressed Type, Simple Parametric Digital Video (SPDV) index that allows for various formats of video to be transported. This mapping is documented in Annex A of the ANSI FC-AV standard, except that the ancillary data can be defined differently than specified in that Annex. Additional Object Classes of Compressed, Encrypted, or both are provided for all objects. 
The following sections show how the various “Fibre Channel Levels” provided by ADVB apply to the decomposition, packing, and transmission of the video frame. Figure 3‑2 provides a simple pictorial representation of this structure.
Audio and ancillary data are also included in the “Container” and will be defined later.


[bookmark: _Ref135454698][bookmark: _Toc169668174]Figure 3‑2 – Relationship of Video Frame to Container


[bookmark: _Ref135454777][bookmark: _Toc169668175]Figure 3‑3 – Relationship of Container to Fibre Channel Sequence
The ADVB container is embedded within one Fibre Channel sequence. The container represents one video frame (typical) transmitted as one FC Sequence. Containers are transmitted in sequential form to supply a continuous update of the display image. Containers are broken down in to FC frames. The FC frame will represent some portion of a video line. How much of a video line is represented, is dependent on the system level implementation and the limit of maximum FC frame data field size of 2112 bytes.
Pixel data of the video image is located within the Data Field (or Payload) section of the FC frame. Notice that Container Header and Object 0 typically will be a single FC frame, Object 1 will typically not be present (Audio) and that Object 3 is only present for interlaced video. Figure 3‑3 does not intend to show that object frames are intermixed, but that all Object 1 frames (if any) are sent, followed by all Object 2 frames (if any) and then the Object 3 frames (if any).
[bookmark: _Toc17601442][bookmark: _Toc66252965][bookmark: _Toc75852914][bookmark: _Ref121292300][bookmark: _Ref121292406]

[bookmark: _Toc375038059]ADVB Containers
The ADVB protocol will employ the Simple Mode Container structure. 
One container will include all video, audio, and ancillary data required to transport one frame of video. One complete ADVB container will be comprised of a number of consecutive FC frames. At the lowest level, transfer of FC data is limited to a maximum of 2112 bytes of payload per FC frame. A single container maps exactly into one single FC sequence.
Each container consists of a Container Header and Objects. The Container Header will have enough information to allow direct identification of the type and location of the data in the objects without having to parse through the individual objects for this type of information. This allows hardware processing of objects at the container level.
The Container Header is of fixed length in Simple Mode. The first data object immediately follows the end of the Container Header. Object descriptions are sequenced. Objects are classified by types and further defined by an index. Simple Mode supports four objects with each object describing a specific data type. The Object Types are defined in Table 3‑1 below:
[bookmark: _Ref133773842][bookmark: _Toc161642587]Table 3‑1 – ADVB Container Object Types
	Object 0
	Ancillary Data
	Object Type Number 5xh

	Object 1
	Audio Data
	Object Type Number 4xh

	Object 2
	Video Data
	Object Type Number 1xh | 2xh

	Object 3
	Video Data
	Object Type Number 1xh | 2xh


Note:	If any Object is not used in a container, the Object size is set to 0.
COMMENTARY
Figure 3‑4 below describes the ADVB data sequence and how it relates to the container. It illustrates the container example for RGB XGA resolution video with a total number of FC frames of 1537: 
(1 Container Header/Object 0 + 1536 (768 * 2) Object 2)
A complete line of XGA data cannot be transported inside a single FC frame as the 3072 bytes of RGB pixel data would exceed the maximum 2112 bytes allowed for an FC frame data field. To alleviate this problem, lines could be transferred a half-line per FC frame.
[bookmark: _Toc54429109][bookmark: _Ref51644369]This line splitting is only required when the video source resolution line size exceeds the maximum allowed by the FC frame standard.

[bookmark: _Ref69088942][bookmark: _Toc70922444][bookmark: _Toc169668176][bookmark: _Toc66252974][bookmark: _Toc75852917][bookmark: _Ref121292674]
Figure 3‑4 – ADVB Container Example
[bookmark: _Toc375038060]ADVB Container Header
Header organization is fixed to accommodate hardware decoding. Each word maps directly to an ADVB 32-bit transmission word. All references to “words” in the following sections refer to 32-bit ADVB transmission words.
Each ADVB container will employ one Simple Mode Container Header. The Container Header employed in the ADVB protocol will conform to Table 3‑2 below. The Container Header shall always be 22 words long, with the first 6 words applicable to the entire container. The remaining words are divided into identically structured sections for each of the four Objects. Radixes for entries in the following table are Binary.
[bookmark: _Ref6713573][bookmark: _Toc17601464][bookmark: _Toc66084784][bookmark: _Ref66500314][bookmark: _Toc74972150][bookmark: _Ref116964822][bookmark: _Toc161642588]Table 3‑2 – ADVB Container Header (Simple Mode)
	[bookmark: _Ref6666485][bookmark: _Toc17601455][bookmark: _Toc66252975]Word
	Identifier
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	0
	Container Count
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx

	1
	Clip ID
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx

	2
	Container Time Stamp
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	3
	Container Time Stamp
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	4
	Transmission Type
	xxxx xxxx
(Video Frame Rate)
	xxxx xxxx (Transmission Rate)
	0000 0000 (Reserved)
	0000 0000 (Reserved)

	5
	Container Type
	0000 0000 (Mode)
	0000 0100 (Number of Objects)
	0000 0000 (Reserved)
	0000 0000
(Size of Ext. Header)

	6
	Object 0 Class
	0101 xxxx
(Type Ancillary)
	0000 0000
(Link Pointer)
	1101 0000 (SPDV Index)
	0000 0000 (SPDV Index)

	7
	Object 0 Size
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx

	8
	Object 0 Offset
	0000 0000
	0000 0000
	0000 0000
	0101 1000

	9
	Object 0 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	10
	Object 1 Class
	0100 xxxx
(Type Audio)
	0000 0000
(Link Pointer)
	1101 0000 (SPDV Index)
	0000 0000 (SPDV Index)

	11
	Object 1 Size
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx

	12
	Object 1 Offset
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx

	13
	Object 1 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	14
	Object 2 Class
	0001 xxxx
(Type Video)
	0000 0000
(Link Pointer)
	1101 0000 (SPDV Index)
	0000 0000 (SPDV Index)

	15
	Object 2 Size
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx

	16
	Object 2 Offset
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx

	17
	Object 2 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	18
	Object 3 Class
	0001 xxxx
(Type)
	0000 0000
(Link Pointer)
	1101 0000 (SPDV Index)
	0000 0000 (SPDV Index)

	19
	Object 3 Size
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx

	20
	Object 3 Offset
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx

	21
	Object 3 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000


Note:	Word 9 can be non-zero for custom object types. See Section 3.2.2.4.
[bookmark: _Toc375038061] Container Count (Word 0)
The Container Count is an unsigned integer, starting at 0. The Container Count will be incremented by one LSB for each subsequent container and will wrap around to a count of 0 when an overflow occurs. The Container Count can be used to identify containers in a series of the same Clip ID.
[bookmark: _Toc17601456][bookmark: _Toc66252976][bookmark: _Toc375038062] Clip ID (Word 1)
[bookmark: _Toc66252977][bookmark: _Toc17601457]As an option, the Clip ID field may be used to distinguish a group of containers from another group of containers. This word shall be set to the integer value corresponding to the container group. If the Clip ID field is not used, all bits shall be set to 0.
[bookmark: _Toc375038063] Container Time Stamp (Words 2 and 3)
[bookmark: _Toc66252978]As an option, the Container Time Stamp field may be used. If the Container Time Stamp field is not used, all bits shall be set to 0.
[bookmark: _Toc375038064] Video Frame Rate (Word 4, Byte 0) 
The video frame rate is defined as the rate that a complete video frame is transmitted, either interlaced or non-interlaced. The video frame rate field will be set as shown in Table 3‑3. 
[bookmark: _Ref66501024][bookmark: _Toc66084785][bookmark: _Toc74972151][bookmark: _Toc161642589]Table 3‑3 – Video Frame Rate
	Video Frame Rate per Second
	Code

	Null (aperiodic)
	00h

	15
	01h

	20
	02h

	24
	03h

	24 * 1000 / 1001
	83h

	24 (segmented frames)
	23h

	24 * 1000 / 1001(segmented frames)
	A3h

	25 (PAL)
	44h

	30
	45h

	30 * 1000 / 1001 (29.97 NTSC)
	C5h

	50
	06h

	60
	07h

	60 * 1000 / 1001 (59.94 NTSC)
	87h

	50 (VESA DMT)
	08h

	60 (VESA DMT)
	09h

	75 (VESA DMT)
	0Ah

	85 (VESA DMT)
	0Bh

	50 (VESA CVT)
	0Ch

	60 (VESA CVT)
	0Dh

	75 (VESA CVT)
	0Eh

	85 (VESA CVT)
	0Fh

	120
	04h

	Custom2
	FFh

	Note 1.	For color field-sequential modes, the Video Frame Rate represents the rate to refresh all color components. For example, RGB color field-sequential at 60 Hz will send containers at 180 Hz (3x60 Hz).
Note 2.	Custom frequencies should be noted in the ICD.


[bookmark: _Toc66252979][bookmark: _Toc375038065] Video Transmission Rate (Word 4, Byte 1)
An 8-bit integer where positive values represent n * Video Frame Rate and negative values represent the Video Frame Rate/n. When the video transmission rate field is set to 01h (0000 0001), the transmission rate is equal to the Video Frame Rate. 
COMMENTARY
This provision is available for video storage applications, where video can be transmitted at speeds that are faster or slower than the video frame rate.
[bookmark: _Toc121295386][bookmark: _Toc375038066] Reserved (Word 4, Bytes 2 and 3)
[bookmark: _Toc121295387]FC-AV Section 5.4.1 defines these bytes as reserved. ADVB requires these bytes to be set to 0h. 
[bookmark: _Toc375038067]Mode (Word 5, Byte 0)
The Container Type mode will indicate Simple mode and Byte 0 shall be set to 00h (0000 0000).
[bookmark: _Toc121295388][bookmark: _Toc375038068] Number of Objects (Word 5, Byte 1)
The number of objects in Byte 1 shall be set to 04h (0000 0100).
[bookmark: _Toc121295389][bookmark: _Toc375038069] Reserved (Word 5, Byte 2)
FC-AV Section 5.4.1 defines this byte as reserved. ADVB requires this byte to be set to 0h. 
[bookmark: _Toc121295390][bookmark: _Toc375038070]Size of Extended Header (Word 5, Byte 3)
FC-AV Section 5.4.1 defines this byte as the size of the Extended Header field. ADVB requires this byte to be set to 0h.
[bookmark: _Toc375038071]Object Header Control (Word 6 through Word 21)
These words control the four ADVB objects. These words are defined in Sections 3.2.2 through 3.2.4.
[bookmark: _Toc375038072]Object 0 – Ancillary Data
Object 0 Ancillary Data is defined in the following sections. 
[bookmark: _Toc66252981][bookmark: _Ref121292567][bookmark: _Toc375038073]Object 0 Class (Word 6 of Container Header)
Object 0 Class will be defined as ancillary data.
Byte 0 will be set to a value of 50h (0101 0000) indicating that the ancillary data is neither compressed nor encrypted. A value of 51h indicates that the ancillary data is compressed, 52h indicates encrypted, and 53h indicates both compression and encryption of the ancillary data.
Byte 1 – link pointers are allowable under SPDV. Equipment manufacturers should specify whether or not they are used in their equipment. If not used Byte 1 shall be set to a value of 00h (0000 0000)
Byte 2 and 3 together will be set to indicate the index type with a value of D000h (1101 0000 0000 0000) for uncompressed data. For compressed and/or encrypted data, an index table may be used, and it shall be specified in the ICD.
[bookmark: _Toc66252982][bookmark: _Toc375038074]Object 0 Size (Word 7 of Container Header)
Object 0 size will be set equal to the number of bytes of ancillary data. The minimum Object 0 size would be set to a value of 10h (0001 0000) to represent the 16 bytes of required ancillary data. Any additional data beyond the 16 required bytes (and 1024 bytes of optional palette data and 4 bytes of optional cursor control) is user-defined. All additional ancillary data should be documented in the ICD for each display unit.
[bookmark: _Toc66252983][bookmark: _Toc375038075]Object 0 Offset (Word 8 of Container Header)
The Object 0 offset will be set to a value of 58h to represent the 88-byte offset from the beginning of the ADVB Container Header to the start of ancillary data.
[bookmark: _Toc66252984][bookmark: _Toc375038076]Object 0 Object Type Defined (Word 9 of Container Header)
ADVB allows the Object Type Defined field to be used to identify user specific objects. The value of Word 9 shall be set to 0000h for standard operation. ADVB recommends a non-zero value to indicate the presence of user-defined Object 0 data beyond the predefined Object 0 words.
[bookmark: _Toc375038077]Vendor Specific Objects
Vendor Specific Objects (VSO) are intended to be implementation specific. These objects do not necessarily have a public object description and may not even have a unique object description. A supplier may use them to differentiate private objects within their own product line or with cooperating partners.
Vendor specific code values will not become an assigned object classification. An object, which has been in use as a vendor specific type, could later be given a different code value within the assigned type code range. Vendor specific types are not registered to a specific vendor. The only enforced mechanism to uniquely identify two vendors who have chosen to use identical vendor specific code values is through use of the object type defined word requirement for vendor specific classifications.
[bookmark: _Toc375038078]Object Type Definitions
If an object is using a non-zero vendor specific object type or a vendor specific object index, the object type defined word (other than D0000h) shall be defined as one of the two following values.
[bookmark: _Toc375038079]Organization Unique Identifier (OUI)
The organizational unique identifier object type defined word provides a method within the object header to uniquely identify an object within the vendor specific classifications. These are available by application to the IEEE.
MSB bit 31 is set to 1.
7 bits, (bits 30 thru 24) may be defined by the vendor.
24 bits, (bits 23 thru 0) are the IEEE OUI Company ID.
[bookmark: _Toc375038080]Organization Unique Objects
The organizational unique identifier object type defined word provides a method within the object header to uniquely identify an object within the vendor specific classifications.
MSB bit 31 is set to 0.
31 bits (bits 30 thru 0) may be defined by the vendor and set to any value other than 0.
[bookmark: _Ref121292641][bookmark: _Toc375038081] Object 0 – Ancillary Data
Ancillary data defines the characteristics of the data being transferred from the sender to the recipient. This section and Figure 3‑5 define the format of Object 0 Ancillary data.
In Word 0, 14 bits are reserved for Number of Rows. 14 bits are reserved for Number of Columns. 


Word 0
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	 Number or Rows
	 Number of Columns
	Frame/Field



Word 1
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	CI
	P
	PA
	PAO
	PTN
	Bits/Subpixel A
	Bits/Subpixel B
	Bits/Subpixel C
	Bits/Subpixel D



CI:		Color Information Type
P:		Prior Image CRC Valid Flag
PA:		Pixel Aspect Ratio (Width: Height)
PAO:	Pixel Array Order
PTN:	Packing Table Number

Word 2
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Prior Image CRC



Word 3
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Parameter 2 Type
	Parameter 2 Data
	Parameter 1 Type
	Parameter 1 Data



Optional Words 4 through 259*
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Palette Number
	Red Value
	Green Value
	Blue Value



Optional Word 4/Word 260**
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Row Position of Cursor Focal Point
	Column Position of Cursor Focal Point
	Cursor Control
	CE


*Note:	Words 4 through 259 are only used when Color Information Type is Palletized.
Color 	Ancillary Object Table (CI=8h).
**Note: If CI=8 then use Word 260. Otherwise use Word 4.
[bookmark: _Ref120941029][bookmark: _Toc169668177]Figure 3‑5 – Object 0 – Ancillary Data Definition
[bookmark: _Toc375038082]Object 0 Word 0
[bookmark: _Toc375038083]Number of Rows
This 14-bit field (bits 18 to 31) shall represent the total number of rows within the entire video frame. 000h shall represent a null. The maximum number of rows is 16383 represented by 3FFFh.
[bookmark: _Toc375038084]Number of Columns
This 14-bit field (bits 4 to 17) shall represent the total number of columns within the entire video frame. 000h shall represent a null. The maximum number of columns is 16383 represented by 3FFFh.
[bookmark: _Toc375038085]Frame/Field Based Video
This 4-bit field shall represent the format of the transmitted video. Table 3‑4 defines frame based and field based representation. The MSB (bit 3) is intended as a flag to indicate to the recipient that the Object is field based video.
[bookmark: _Ref105830856][bookmark: _Toc161642590]Table 3‑4 – Video Format Codes
	Video Format
	Code

	Full Video Frame
	0h

	Pixel interleaved, odd pixels 1
	1h

	Pixel Interleaved, even pixels 1 
	2h

	Field based, pixel interleaved, odd pixels 1,2
	3h

	Field based, pixel interleaved, even pixels 1,2
	4h

	Field Sequential Color
	5h

	Spare
	6h-7h

	Field based, contains both fields within this Container
	8h

	Field based, Field 1 only
	9h

	Field based, Field 2 only
	Ah

	Spare
	Bh-Fh


Notes:
Pixel interleaved refers to dual link systems that transmit even pixels on one link stream and odd pixels on the other link stream. See Section 3.6. 
Field based containers can allow pixel interleaving. The presence of Object 2 indicates this container contains Field 1 and the presence of Object 3 indicates this container includes Field 2. Both fields may or may not be transmitted within the same container.
The color field-sequential mode will typically send each color component in a separate container. The order of the containers is recommended to be the same as specified in Table 3‑5 – Color Information Codes. For example, the RGB mode typically would send R, then G, then B and repeat. The size of each color component in the Bits per Subpixel (n) fields described in Section 3.2.2.5.2.6 shall be set to 0 for the inactive colors. In the RGB example with 8-bit components, the bits per subpixel would be 7,0,0,x then 0,7,0,x, then 0,0,7,x.
[bookmark: _Toc375038086]Object 0 Word 1
[bookmark: _Ref511962411][bookmark: _Toc375038087]Color Information
This 4-bit field shall represent the format of the pixel data, either monochrome or color. Table 3‑5 defines Color Information (CI) coding. Setting the CI code to 8h (Color Palette-Ancillary Data table) shall indicate that Object 0 Words 4 through 259 are required to be read in order to interpret the video object(s), i.e., Objects 2 and/or 3. Setting the CI code to 9h (Color Palette-External table) shall indicate use of a color palette not transmitted by ADVB. Setting the CI code to Ah indicates use of the color palette table previously transmitted by the last AVDB container, CI code set to 8h.
Packed versions have multiple subpixels per component. Unpacked color codes have one subpixel per component. For example, packed RGB 565 would occupy a single 16-bit component with red in the most significant 5 bits; whereas with unpacked RGB 565, each subpixel would occupy a single 8-bit component with red being in the most significant 5 bits of the first component. In legacy systems, this packing can also be deduced if the sum of the subpixels sizes is less than or equal to the size of the component. The intent is to limit a component to either a full pixel or to a single sub-pixel, except that packed YCbCr has two pixels in a single component. Note that with RGB 888, the order of subpixels in the final bit stream is identical between packed modes and unpacked modes.
[bookmark: _Ref105905042][bookmark: _Ref134352037][bookmark: _Toc161642591]Table 3‑5 – Color Information Codes
	Color Information
	Code
	Packing Order of Subpixels

	Monochrome
	0h
	Y

	RGB (Red, Green, Blue)
	1h
	Red, Green, Blue

	RGGB (Red, Green, Green, Blue)
	2h
	Red, Green, Green, Blue

	RGBA (Red, Green, Blue, Alpha)
	3h
	Red, Green, Blue, Alpha

	YlQ
	4h
	Y,l,Q

	YCbCr (4:2:2)
	5h
	Cb,Yn,Cr,Yn+1  (two pixels, four components)

	Spare
	6h-7h
	

	Color Palette, Auxiliary Object table
	8h
	Color code

	Color Palette, External table
	9h
	Color code

	Color Palette, Internal table
	Ah
	Color code

	Packed RGB 
	Bh
	Red, Green, Blue

	Packed RGGB
	Ch
	Red, Green, Green, Blue

	Packed RGBA
	Dh
	Red, Green, Blue, Alpha

	Packed YlQ
	Eh
	Y,l,Q

	Packed YCbCr (4:2:2)
	Fh
	Cb,Yn,Cr,Yn+1  (two pixels in a single component)


For YCbCr 4:2:2 video, an example of the subpixel sequence is shown in 
Table D-11.
[bookmark: _Toc375038088]Prior Image CRC Valid Flag
This flag bit specifies if Object 0 Word 2 contains a valid CRC of the prior image. If the bit contains 1, then Word 2 shall contain the CRC of the prior image. If the bit contains 0, then Word 2 does not contain a prior image CRC. If sending a partial image in one container, the prior image CRC covers only the partial image.
[bookmark: _Toc375038089] Pixel Aspect Ratio
This 3-bit field shall represent the pixel aspect ratio of width to height of an entire pixel. Table 3‑6 defines the pixel aspect ratio coding.
[bookmark: _Ref105837281][bookmark: _Toc161642592]Table 3‑6 – Pixel Aspect Ratio Codes
	Pixel Aspect Ratio
	Code

	1:1
	0h

	1:1.2
	1h

	1.2:1
	2h

	NTSC (approx 8:9)
	3h

	PAL (16:15)
	4h

	Spare
	5h - 7h


[bookmark: _Toc375038090]Pixel Array Order
This 4-bit field shall represent the pixel array order in which video data is packed in the video object(s) with respect to their position in the video frame (or field). Table 3‑7 defines Pixel Array Order Codes.
[bookmark: _Ref105837332][bookmark: _Toc161642593]Table 3‑7 – Pixel Array Order Codes
	Video Data Order
	Codes

	Left to Right, Top to Bottom
	0h

	Right to Left, Top to Bottom
	1h

	Left to Right, Bottom to Top
	2h

	Right to Left, Bottom to Top
	3h

	Top to Bottom, Left to Right
	4h

	Top to Bottom, Right to Left
	5h

	Bottom to Top, Left to Right
	6h

	Bottom to Top, Right to Left
	7h

	Spare
	8h to Fh


[bookmark: _Ref141069582][bookmark: _Toc375038091] Packing Table Number
This 4-bit field shall contain a hexadecimal number representing Packing Table Number (PTN) formats listed in Table 3-8. The bit and byte placements of the components associated with these formats are shown in Figure 3-6 - Bit and Byte Packing. Subpixel component sizes are defined in Table 3‑9.
[bookmark: _Ref105837959][bookmark: _Toc161642594]Table 3‑8 – Packing Table Number
	Description
	PTN

	8-bit components, four components per transmission word
	0h

	10-bit components, three components per transmission word
	1h

	12-bit components, two and 2/3 components per transmission word
	2h

	16-bit components, two components per transmission word
	3h

	20-bit components, one and 12/20 components per transmission word
	4h

	24-bit components, one and 1/3 components per transmission word
	5h

	32-bit components, one component per transmission word
	6h

	Spare
	7h to Fh


All components are transmitted with MS-byte first and then LSB to MSB in each byte. For n-bit components not shown (e.g., 14-bit or 22-bit), the next higher component size shown is used as the packing guideline. The unused bits are padded with zeros in the LSB positions.
	[bookmark: OLE_LINK2][bookmark: _Ref121295743]Byte 0
	Byte 1
	Byte 2
	Byte 3
	PTN

	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0
	

	MSB     Component 0     LSB
	MSB     Component 1     LSB
	MSB     Component 2     LSB
	MSB     Component 3     LSB
	0h

	0
	0
	MSB            Component 0            LSB
	MSB            Component 1           LSB
	MSB           Component 2           LSB
	1h

	MSB                   Component 0               LSB
	MSB            Component 1                      LSB
	MSB         Component 2
	2h

	Comp 2  LSB
	MSB              Component 3                     LSB
	MSB              Component 4                   LSB
	MSB  Comp 5
	

	Component 5             LSB
	MSB                   Component 6                 LSB
	MSB                Component 7                   LSB
	

	MSB                          Component 0                                 LSB
	MSB                                 Component 1                         LSB
	3h

	MSB                                      Component 0                                             LSB
	MSB                 Component 1                  
	4h

	Component 1       LSB
	MSB                                                 Component 2                                   LSB
	MSB  Comp 3
	

	Component 3                                   LSB
	MSB                              Component 4
	

	Comp 4  LSB
	MSB                                           Component 5                                           LSB
	MSB    Component 6
	

	Component 6                 LSB
	MSB                                           Component 7                                     LSB
	

	MSB                                                      Component 0                                                      LSB
	MSB    Component 1
	5h

	Component 1                                                              LSB
	MSB                           Component 2
	

	Component 2            LSB
	MSB                                                 Component 3                                                            LSB
	

	MSB                                                                         Component 0                                                                                     LSB
	6h


[bookmark: _Toc169668178][bookmark: _Ref125449292]Figure 3-6 - Bit and Byte Packing
[bookmark: _Toc375038092]Bits per Subpixel (n)
These four fields, each 4 bits long, independently specify the number of bits necessary to represent each subpixel within the video object(s). The number of applicable fields is governed by the number of subpixels required to support the specified color information format (see Section 3.2.2.5.2.1 and Table 3‑9). The minimum number of bits for a subpixel is one, represented by 0h. The maximum number of bits for a subpixel is 16, represented by Fh. The information provided in Table 3‑9 does not imply subpixel packing. The subpixel packing order is defined in Table 3‑5 – Color Information Codes. The sum of the subpixels per pixel is equal to a component or each subpixel that fit within a component. 
[bookmark: _Ref105906675][bookmark: _Toc161642595]The color field-sequential mode does not allow 1-bit components, and for that mode, the zero value shall be used to indicate a missing color component.
[bookmark: _Ref364242297]

Table 3‑9 – Color Information Format per Subpixel Mapping
	Color
Information
	Bits
Subpixel A
	Bits
Subpixel B
	Bits
Subpixel C
	Bits
Subpixel D

	Monochrome
	M
	X
	X
	X

	RGB
	R
	G
	B
	X

	RGGB
	R
	G
	G
	B

	RGBA
	R
	G
	B
	A

	YIQ
	Y
	I
	Q
	X

	YCbCr (4:2:2)
	Y
	Cb
	Cr
	X


Note:	Entries of X = “Don’t Care”.
[bookmark: _Ref134417184][bookmark: _Toc375038093]Object 0, Word 2 – Prior Image CRC Word
The purpose of the CRC is to validate the reconstituted image. Word 2 of Object 0 contains the optional Prior Image CRC word. This CRC word is computed on video data of the image.
The validity of this data word is controlled by the Prior Image CRC Flag (P) in bit 27 of Object 0, Word 1. When P=1, this word shall contain the 32-bit CRC of the prior image. When P=0, this data word shall contain 0000 0000h. Note that P=0 can be set to indicate the first container transmitted in systems that require an embedded CRC.
The pixel data included in this CRC shall be the image payload contained in Object 2 and Object 3 of the container. In some cases, this image payload will represent only a portion of the total image (such as when using Parameter type 6 and a horizontal band of the total image that is transmitted).
The CRC shall be calculated with the same algorithm (and polynomial) used for ADVB frames with active pixel components being added to the CRC in the same order as transmitted per Annex A of Fibre Channel – Framing and Signaling Interface (FC-FS) (ANSI/INCITS 373-2003).
The CRC polynomial is applied to the bits in each component in LSB to MSB order. Note that for 8-bit components, this is the same bit-order that is transmitted. All other sizes of components will need to be reconstituted before the CRC polynomial can be applied. Component padding bits (as defined in Section 3.2.2.5.2.5) should be ignored in calculating the CRC. Appendix E provides an example image and associated Image CRC.
In addition, interlaced video formats will compute the CRC over the two fields sequentially (Object 2 followed by Object 3) rather than the de-interlaced image.
COMMENTARY
Note that designs using wrap-back CRCs should use the Off-Screen/CRC control data word (Parameter type 5) in Object 0, Word 3. In this case, the CRC is computed in the receiving device and rather than being compared to Word 2, is transmitted back to the source on a separate data path. The Prior Image CRC and the wrap-back CRC may be used at the same time. 
[bookmark: _Ref141135815][bookmark: _Toc375038094]Object 0, Word 3 – Miscellaneous Control Word
Word 3 of Object 0 is designated as a Miscellaneous Control Word. When used, each half of Word 3 shall contain a 6-bit parameter type and a 10-bit parameter data word. The parameter type field controls how the 10-bit parameter data word is interpreted. Parameters using this construct should be registered inside the display, so they do not need to be transmitted with each container. When not used, the word shall be set to the default value of 0000 0000h.
The 6-bit parameter type field shall specify the type of data contained in the corresponding 10-bit Parameter data field as described in Table 3‑10:
[bookmark: _Ref133773936][bookmark: _Toc161642596]Table 3‑10 – Object 0 Word 3 Parameter Definition (When Used)
	Parameter Type
	Parameter Data Description

	0
	No data (ignore Parameter Data field).

	1
	This parameter used for Display Unit (DU) Control. Setting bit 9 causes a reset of the DU. Bit 8 is used to indicate “data only” ADVB frame. Bit 7 is used to indicate that the SOFi is being used as a sync signal. These three bits are not latched.
Bit 6  is used to indicate display emulation mode indicating that a receiver or transmitter may be emulating a display rather than being a true display. Note this applies only to test equipment and is optional. In display emulation mode, bit 6 is set to “0” for backwards compatibility with existing test boards. Bit 6 is set to “1” to indicate FIFO mode in production applications. This is applicable only to receivers. There is no impact on transmitters.
Other bits are user-defined. 

	2
	Day Mode. This parameter sets Day Backlight Brightness (0 = minimum, 3FFh = maximum, with user-defined response curve).

	3
	Night Mode. This parameter sets Night (or NVIS) Backlight Brightness (0 = minimum, 3FFh = maximum, with user-defined response curve). This command overrides command parameter type 2 (Day Mode).

	4
	This parameter specifies the Gamma power function for the incoming video (Gamma*1023). Gamma of 1/2.2 is the default value represented by 465 (1D1h). Linear video is represented by the value 1023 (3FFh). The first 16 values (0h to Fh) are reserved for special cases. This value is defined as follows:
0h = lookup table
1h = CCIR 601
2h-Fh = spare special cases
10h-3FFh: Gamma = Value ÷ 1023 

	5
	Wrap-back CRC control data.
This parameter controls image CRC and off-screen definitions. The total image size specified in Word 0 covers all transmitted pixel data, both on-screen and off-screen. This parameter specifies the height or width in pixels of the off-screen areas along the edges of the total image for all enabled off-screen edges. Off-screen areas can be used for test data and will not be displayed. All other pixels exclusive of the off-screen edges are on-screen pixels to be displayed. When using parameter Type 5, the CRC will be calculated in the receiver and returned to the source using a separate data path as specified by the ICD.
See Figure 3‑6 and Figure 3‑7.

	6
	When used, indicates that the container consists of a partial image representing a horizontal band of the total image. Parameter type 6 provides the starting row position of the container (row number -1) divided by 16. This value allows image segmentation at one of 1024 row boundaries. When using this parameter, the size of the container transmitted is less than the total image size specified in Object 0, Word 0. For the current container, each line shall be stored starting at the row number equal to this parameter times 16, plus 1. Each line shall continue to be stored until the line count is equal to the last line of the image or, if parameter 7 is used, until the last row specified by that parameter type. The default value is 0.
See Figure 3‑8 and Figure 3‑11.

	7
	When used, indicates that the container consists of a partial image representing a horizontal band of the total image. Parameter type 7 provides the height of the band (number of rows) divided by 16. When using this parameter, the size of the container transmitted is less than the total image size specified in Object 0, Word 0. For the current container, each line shall be stored starting at the first row and ending at the first row plus this parameter value times 16. If used in conjunction with parameter type 6, each line shall be stored starting at the row specified by that parameter type.
See Figure 3‑8 and Figure 3‑11. 

	8
	When used, indicates that the container consists of partial lines representing a vertical band of the total image. Parameter type 8 provides the starting column position of all partial lines in the container (col 
number – 1) divided by 16. This value allows image segmentation at one of 1024 column boundaries. When using this parameter, the size of the container transmitted is less than the total image size specified in Object 0, Word 0. For the current container, each partial line shall be stored starting at the column number equal to this parameter times 16, plus 1. Each partial line shall continue to be stored until the line count is equal to the last pixel of the complete line or, if parameter 9 is used, until the last column specified by that parameter type. Parameter type 8 is generally used for large area displays or stereoscopic displays that divide an image into left and right halves, where the smaller containers may be transmitted across two independent ADVB links. The default value is 0.
See Figure 3‑9, Figure 3‑10 and Figure 3‑11.

	9
	When used, indicates that the container consists of partial lines representing a vertical band of the total image. Parameter type 9 provides the width of the vertical band (number of pixels in partial lines) divided by 16. When using this parameter, the size of the container transmitted is less than the total image size specified in Object 0, Word 0. For the current container, each partial line shall be stored starting at the first column and ending at the first column plus the width specified by this parameter value times 16. If used in conjunction with parameter type 8, each partial line shall be stored starting at the column specified by that parameter type. This parameter type is generally used for large area displays or stereoscopic displays that divide an image into left and right halves, where the smaller containers may be transmitted across two independent ADVB links.
See Figure 3‑9, Figure 3‑10 and Figure 3‑11.

	10-63
	User-Defined Parameters (monitors, system ambient light sensors, fan speed, fault data recording, etc.). All User-Defined Parameters should be documented in the ICD for each display unit.


Note:	The two half-words should contain different parameter types.
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[bookmark: _Ref134410886][bookmark: _Ref366157448][bookmark: _Ref120936454][bookmark: _Toc169668179]Figure 3‑6 – Off-screen/CRC Control data word
CRC Enable
0 No CRC
1 CRC off-screen area
2 CRC on-screen area
3 CRC all areas
Off-Screen Enable
0 no off-screen areas (ignore Off-Screen Size Field)
1 off-screen area on left side
2 off-screen area on right side
3 off-screen area on left and right sides
4 off-screen area on all sides (window frame)
5 off-screen area on top
6 off-screen area on bottom
7 off-screen area on top and bottom
Off-Screen Size = Number of rows or columns in each off-screen area minus 1.

[bookmark: _Ref134410839][bookmark: _Toc169668180]
[bookmark: _Ref366595402]Figure 3‑7 – Off-screen/CRC Areas
Note:	The visible image area is defined as the area visible on the display surface. The active image area includes both CRC pixels and visible pixels, since both are sent in ADVB frames, if the off-screen CRC function is used. Corner off-screen areas are only present in Mode 4 (window frame mode).


Type = 7
Data = 3
Number of lines =
3 x 16 = 48
Type = 6
Data = 2
Starting line = 
(2 x 16) + 1 = 33




Example of the transmission of a horizontal band using parameter types 
6 and 7.
[bookmark: _Ref366157641]Figure 3‑8 – Type 6 and 7 Horizontal Slice Example


Type = 9
Data = 4
Column width =
4 x 16 = 64
Type = 8
Data = 3
Starting column = (3 x 16) + 1 = 49




Example of the transmission of a vertical band using parameter types 8 and 9.
[bookmark: _Ref366595579]Figure 3‑9 – Type 8 and 9 Vertical Slice Example



Type = 8
Data = 0
Starting Column = 1
Type = 9
Data = 64
Column width = 64 x 16 = 1024
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Type = 8
Data = 64
Starting Column = (64 x 16) + 1 = 1025
Type = 9
Data = 64
Column width = 64 x 16 = 1024
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Examples of the transmitting left and right half images over a dual link using parameter types 8 and 9
[bookmark: _Ref366595591]Figure 3‑10 – Type 8 and 9 Stereoscopic


Type = 7
Data = 3
Number of lines =
3 x 16 = 48
Type = 6
Data = 2
Starting line = 
(2 x 16) + 1 = 33


Type = 9
Data = 4
Column width = 4 x 16 = 64
Type = 8
Data = 3
Starting column = (3 x 16) + 1 = 49















Example of the transmitting a rectangular tile using parameter types 6, 7, 8, 
and 9
[bookmark: _Ref366595511]Figure 3‑11 – Type 6, 7, 8 and 9 Image Tile
[bookmark: _Toc375038095]Optional Object 0 Data Words
The optional data words start at word 4. The presence of optional words is indicated by setting the Object 0 size in word 7 of the AVDB container header to a value greater than four. If the Color Information field in Word 1 is set to 8 (CI=8), then the first 256 words shall be the Ancillary Object Color Palette. Additional user-specific object words can follow starting at either word 4 (when CI is not equal to 8) or at word 260 (when CI=8). If additional user-specific words are transmitted, the first such word must be the Cursor Control word defined in Section 3.2.2.5.5.2. All user-defined words should be documented in the manufacturer’s ICD.
[bookmark: _Toc375038096]Object 0 Words 4 through 259 Ancillary Object Color Palette
These optional words shall only be present when the Color Information field, Object 0 Word 1 Bits 28-31, is set to 8h (the value for Color Palette-Ancillary Object table as defined in Section 3.2.2.5.2.1). These words shall represent the mapping of a color palette to red, green and blue intensity bits and shall be used by the recipient for displaying/processing video data contained in Objects 2 and 3. Table 3‑11 defines the Color Palette word format.
[bookmark: _Ref134411943][bookmark: _Toc161642597]Table 3‑11 – Words 4 through 259 Color Palette Word Format
	Palette
Number
	Palette
Color
	Red Intensity
Value
	Green Intensity
Value
	Blue Intensity
Value

	0-255
	00h-FFh
	0-255
	0-255
	0-255


[bookmark: _Ref125775702][bookmark: _Toc375038097]Object 0, Word 4/Word 260 – Cursor Control or User Defined Word
This is an optional data word. However, if user-specific Object 0 data words are present, then this must be the first such word. If CI=8, this object will be in Word 260. Otherwise, it will be in Word 4. This word of Object 0 is designated as a cursor control or a user-defined word. CE=1 (bit 0 is set) for cursor control, CE=0 for user-defined data (or if the cursor is disabled). When present and not used, the word shall be set to the default value of 0000 0000h.
The cursor control word (CE=1) shall be ignored by display units that do not have an internal cursor. The position of the cursor focal point shall be at the column and row location specified in this word. The protocols for defining the shape, focal point, and color of the cursor are user-defined but are expected to be downloaded as Ancillary Object 0 data. The cursor control field is user-defined and is intended to control the cursor’s shape, color or behaviors such as blinking.
[bookmark: _Toc375038098]Object 1 – Audio Data
Object 1 Audio Data is defined as follows:
[bookmark: _Toc66252985][bookmark: _Toc375038099] Object 1 Class (Word 10)
Object 1 Class will be defined as audio – uncompressed. SPDV (FC-AV Annex A) does not specifically address the use of audio. ADVB will allow the use of audio if there is a system need for it. The format of the audio shall be in accordance with FC-AV Annex B.5.
Byte 0 will be set to a value of 40h-43h (0100 0000) to (0100 0011). A value of 40h indicates an Object Class type of audio uncompressed. A value of 41h indicates that the audio is compressed. A value of 42 indicates that the audio is encrypted. A value of 43 indicates that the audio is both compressed and encrypted. 
Byte 1 – link pointers are allowable under SPDV. Equipment manufacturers should specify whether or not they are used in their equipment. If not used, Byte 1 is set to a value of 00h (0000 0000).
Byte 2 and 3 together will be set to indicate the SPDV index type with a value of D000h (1101 0000 0000 0000) for Type 4, unless otherwise defined by the ICD. 
[bookmark: _Toc66252986][bookmark: _Toc375038100]Object 1 Size (Word 11)
Object 1 size will be set to a value of 0000h for systems not using audio. Object 1 size will always be set to a value of 10h (0001 0000) to represent the 16 bytes header value for systems requiring the use of audio.
[bookmark: _Toc66252987][bookmark: _Toc375038101]Object 1 Offset (Word 12)
The Object 1 Offset will set a value that represents the number of bytes from the beginning of the ADVB container to the start of the Object 1 data. For the default Object 0 size of 16 bytes, Object 1 Offset will be set to a value of 68h (0110 1000). 
[bookmark: _Toc66252988][bookmark: _Toc375038102]Object 1 Object Type Defined (Word 13)
ADVB will not utilize the Object Type Defined field. 
The value of word 13 will be set to 0000h.
[bookmark: _Toc375038103]Type 40h Table
ADVB will allow the use of audio data based on FC-AV type 40h characteristics. Type 40h data represents audio objects that have not been compressed. The Type 40h Index values for are shown in Table 3‑12. Vendor specific and negotiated values are not shown. Blank entries are indices that are not used.
[bookmark: _Ref105906730][bookmark: _Toc161642598]Table 3‑12 – Type 40h Index Values
	Type 40h Index
	Description

	01h
	AES/EBU 2 channel

	02h
	AES/EBU 4 channel


[bookmark: _Toc375038104]Data Packing Guidelines
ADVB allowed packing is shown in Figure 3‑12, Figure 3‑13, Figure 3‑14, and 
Figure 3‑15.
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	32-bit sample – bits 0-31


[bookmark: _Ref105996270][bookmark: _Toc169668181]Figure 3‑12 – Raw Audio Sample Packing
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	Sample A – LSB
	Sample A – MSB
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	Sample B – MSB


[bookmark: _Ref120951921][bookmark: _Toc169668182]Figure 3‑13 – Raw 16 Bit Packing of Two Channels A&B


[bookmark: _Ref120951962][bookmark: _Toc169668183]
[bookmark: _Ref364244456]Figure 3‑14 – AES/EBU Block, Frame, and Subframe Format
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[bookmark: _Ref105996449][bookmark: _Toc169668184][bookmark: _Toc66252997][bookmark: _Toc75852918][bookmark: _Toc375038105]Figure 3‑15 – Fibre Channel Transmission Word Mapping of AES/EBU Subframe Pair
Object 2 and 3 – Progressive Scan and Interlaced Video
Object 2 will be used to transport progressive scan video (full frame) or field 1 of interlaced video. Object 3 will only be used to transport field 2 of interlaced video.
[bookmark: _Toc66252989][bookmark: _Toc375038106] Object 2 Class (Word 14)
Object 2 Class will be defined as Video – uncompressed. 
Byte 0 will be set to a value of 10h (0001 0000) to indicate an object class type of video – uncompressed, 11h indicating compressed, 12h indicating encrypted, and 13h indicating both compression and encryption.
Byte 1 – link pointers are allowable under SPDV. Equipment manufacturers should specify whether or not they are used in their equipment. If not used Byte 1 will be set to a value of 00h (0000 0000)
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Byte 2 and 3 together will be set to indicate the SPDV index type with a value of D000h (1101 0000 0000 0000) for uncompressed data. For compressed and/or encrypted data, an index table may be used, and it shall be specified in the ICD.
[bookmark: _Toc66252990][bookmark: _Toc375038107]Object 2 Size (Word 15)
The Object 2 Size will be set to a value equal to the number of sub-pixel bytes required to represent either the field or frame of the respective video format to be transported.
[bookmark: _Toc66252991][bookmark: _Toc375038108]Object 2 Offset (Word 16)
The Object 2 Offset will set a value that represents the number of bytes from the beginning of the ADVB container to the start of the Object 2 data.
[bookmark: _Toc66252992][bookmark: _Toc375038109]Object 2 Object Type Defined (Word 17)
ADVB will not utilize the Object Type Defined field. The value of this word shall be set to 0000h.
[bookmark: _Toc66252993][bookmark: _Toc375038110]Object 3 Class (Word 18)
Object 3 Class will be defined as video – uncompressed.
Byte 0 will be set to a value of 10h (0001 0000) to indicate an object class type of video – uncompressed, 11h indicating compressed, 12h indicating encrypted, and 13h indicating both compression and encryption.
Byte 1– link pointers are allowable under SPDV. Equipment manufacturers should specify whether or not they are used in their equipment. If not used Byte 1 will be set to a value of 00h (0000 0000)
Byte 2 and 3 together will be set to indicate the SPDV index type with a value of D000h (1101 0000 0000 0000) for Type 10, unless otherwise defined by the ICD. 
[bookmark: _Toc66252994][bookmark: _Toc375038111]Object 3 Size (Word 19)
The Object 3 size will be set to a value equal to the number of sub-pixel bytes required to represent either the field or frame of the respective video format to be transported.
[bookmark: _Toc66252995][bookmark: _Toc375038112]Object 3 Offset (Word 20)
The Object 3 offset will set a value that represents the number of bytes from the beginning of the ADVB container to the start of the Object 3 data.
[bookmark: _Toc66252996][bookmark: _Toc375038113]Object 3 Object Type Defined (Word 21)
ADVB will not utilize the Object Type Defined field. The value of word 21 will be set to 0000h.
[bookmark: _Toc375038114]ADVB Frame Format


[bookmark: _Ref109448607][bookmark: _Toc169668185]Figure 3‑16 – Fibre Channel/ADVB Pictorial Frame Definition
Note:	This figure updated by Supplement 1.
Table 3‑13 contains typical ADVB frame format sequence. Radixes for entries of words 1 thru 5 in the following table are binary.
[bookmark: _Ref74968595][bookmark: _Toc66084781][bookmark: _Toc74972147][bookmark: _Ref511833742][bookmark: _Toc161642599][bookmark: _Ref51645700][bookmark: OLE_LINK1]Table 3‑13 – Typical ADVB Frame Format Sequence for 8B/10B encoded links**
	[bookmark: _Toc17601446]Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	XX
	Idle
	K28.5
	D21.4
	D21.5
	D21.5

	XX
	Idle
	K28.5
	D21.4
	D21.5
	D21.5

	XX
	Idle
	K28.5
	D21.4
	D21.5
	D21.5

	XX
	Idle
	K28.5
	D21.4
	D21.5
	D21.5

	XX
	Idle
	K28.5
	D21.4
	D21.5
	D21.5

	XX
	Idle
	K28.5
	D21.4
	D21.5
	D21.5

	0
	SOFi/n
	K28.5
	D21.5
	D23.x
	D23.x

	1
	Frame Header
	0100 0100 (R_CTL)
	xxxx xxxx (Dest._ID)
	xxxx xxxx (Dest._ID)
	xxxx xxxx (Dest._ID)

	2
	Frame Header
	0000 0000 (Reserved) (CS_CTL)
	xxxx xxxx (Source_ID)
	xxxx xxxx (Source_ID)
	xxxx xxxx (Source_ID)

	3
	Frame Header
	0110 0001
61h=ADVB
	0011 w000 (bit 19=END_SEQ) (F_CTL)
	0000 000x (F_CTL)
	0000 x0xx (F_CTL)

	4
	Frame Header
	xxxx xxxx (SEQ_ID)
	0000 0000 (DF_CTL)
	xxxx xxxx (SEQ_CNT)
	xxxx xxxx (SEQ_CNT)

	5
	Frame Header
	1111 1111 (OX_ID)
	1111 1111 (OX_ID)
	1111 1111 (RX_ID)
	1111 1111 (RX_ID)

	6
	Frame Header
	xxxx xxxx (Parameter)
	xxxx xxxx (Parameter)
	xxxx xxxx (Parameter)
	xxxx xxxx (Parameter)

	7 to N*
	Payload & Fill
	Data
	Data
	Data
	Data

	N + 1
	CRC
	Data
	Data
	Data
	Data

	N + 2
	EOFn/t
	K28.5
	D21.x
	D21.x
	D21.x


Note:	*N varies depending on video type being transported. However, N cannot allow total ADVB frame Payload & Fill length to exceed 2112 Bytes (528 words).
	** For use of Special Functions (SOF,EOF,Idle) used in 64B/66B please refer to Appendix F
[bookmark: _Toc66252968][bookmark: _Toc375038115]Idle Words
[bookmark: _Ref6666433][bookmark: _Toc17601454]For ADVB links encoded using 8B/10B, tThe source must insert a minimum of six Idle Primitive Signals between ADVB frames.
The destination should be capable of handling a minimum of two Idle Primitive Signals before an ADVB frame.
ADVB does not limit the maximum number of Idle Primitive Signal Ordered Sets between ADVB frames.
For ADVB links encoded using 64B/66B, the above limits apply to the equivalent 32-bit Special Function rather than the primitive signal Ordered Sets used in 8B/10B. Consult Appendix F for further clarification on the 64B/66B encoding.
[bookmark: _Toc17601447][bookmark: _Toc66252969][bookmark: _Toc375038116]Start of Frame (SOF)
For ADVB links encoded using 8B/10B, ADVB allows use of either Class 1 or Class 3 Ordered Sets. The first frame of an ADVB container transfer sequence will use the Start of Frame Initiate Class 1 SOFi1 Ordered Set or Start of Frame Initiate Class 3 SOFi3 Ordered Set. Subsequent frames of an ADVB container transfer sequence will use the Start of Frame Normal Class 1 SOFn1 Ordered Set or Start of Frame Normal Class 3 SOFn3 Ordered Set. The advantage of using Class 3 Ordered Sets is compatibility with equipment and switches that are widely available.
For ADVB links encoded using 64B/66B, only the Class 3 SOF initiate and Class 3 SOF normal are permitted. Consult Appendix F for further clarification on the 64B/66B encoding.
[bookmark: _Toc17601448][bookmark: _Toc66252970][bookmark: _Toc375038117]Frame Header
The Header of each ADVB frame will employ the format shown in Table 3‑13 and Figure 3‑16. Definitions of frame parameters are shown in Table 3‑14.


[bookmark: _Ref74968876][bookmark: _Toc66084783][bookmark: _Toc74972149][bookmark: _Toc161642600]Table 3‑14 – FHCP Additional Definitions
	FHCP Term
	Frame Header Control Protocol Definitions

	R_CTL
	The R_CTL byte shall have its routing bits set to 0100 to designate video data. The information category bits shall be set to 0100 to designate unsolicited data.

	Type
	The Type code field shall be set to 61h for ADVB implementations.
	Note: Type code 60h (FC-AV) was specified in the first release of this standard pending assignment of a dedicated Type code by ANSI. Type code 60h may be encountered in legacy implementations.

	F_CTL
	Bit 23, Exchange Context, shall be set to 0.
Bit 22, Sequence Context, shall be set to 0.
Bit 21, First Sequence of Exchange, shall always be set to 1.
Bit 20, Last Sequence of Exchange, shall always be set to 1.
Bit 19, End Sequence, shall be set to 1 for the last ADVB frame of a container. The state of this bit may be used by the recipient to identify the completion of a container.
Bits 9 to 18, spare, set to 0
Bit 8, unidirectional class 1 flag (Don’t Care) 
Bits 4 to 7, spare, set to 0
Bit 3, Relative Offset Present, is set to 1 when use of relative offset is desired.
Bit 2, spare, set to 0
Bits 1 and 0, Fill Byte Field, are used to indicate payload fill bytes.

	Destination ID
	The Destination Identifier D_ID is a three byte field (Word 1 bits 23 to 0) that contains the address identifier of a port within the destination entity. This field may be set to 0 if not used, for example in cases where out-of-band switching is used.
ADVB allows multiple video destinations to be multiplexed onto one link. In non-switched systems the lower 8 bits of the D_ID are used to assign a unique address for each destination (i.e., virtual address).
If in-band switching is used, the D_ID should be assigned in accordance with common practice (i.e., Domain, Area, Port). In this case, the upper 8 bits are the Domain_ID, which identifies a specific switch within a single Domain, and the middle 8 bits are the Area_ID, which map to a specific physical port on a switch. The lower 8 bits of the D_ID are normally set to 0. They may be used for virtual or alias addressing.

	CS_CTL
	This field is not specified in FC-AV.
This field shall be set to 0 for ADVB.

	Source ID
	The Source Identifier S_ID is a three byte field (Word 2 bits 23 to 0) that contains the address identifier of a port within the source entity. This field may be set to 0 if not used, for example in cases where out-of-band switching is used.
ADVB allows multiple video sources to be multiplexed onto one link. In non-switched systems the lower 8 bits of this field are used to assign a unique address for each source (i.e., virtual address).
If in-band switching is used, the S_ID should be assigned in accordance with common practice (i.e., Domain, Area, Port). In this case, the upper 8 bits are the Domain_ID, which identifies a specific switch within a single Domain, and the middle 8 bits are the Area_ID, which maps to a specific physical port on a switch. The lower 8 bits of the S_ID are normally set to 0. They may be used for virtual or alias addressing.

	SEQ_ID
	The Sequence ID will contain the same data as Word 0, Byte 3 of the Container Header (LSB of the Container Count). 

	SEQ_CNT
	The Sequence Count will use a value of 0 for the first ADVB frame (typically Container Header and Object 0 data payload) of an ADVB data sequence and will be incremented by one LSB for each consecutive ADVB frame of the ADVB data sequence.

	END_SEQ
	The End Sequence bit (Word 3, bit 19) will be set to 1 for the last ADVB frame of a data sequence (ADVB container) and will be set to 0 for all other frames of the sequence.

	DF_CTL
	Optional Headers are not allowed in ADVB. Therefore no values should be placed in the DF_CTL bits 16–18 and 20–23. These bits shall be set to 0.

	OX_ID
	ADVB is a unidirectional point-to-point interface. The function of Originators and Responders is not relevant. This field shall be set to FFFF.

	RX_ID
	ADVB is a unidirectional point-to-point interface. The function of Originators and Responders is not relevant. This field shall be set to FFFF.

	Parameter
	The Parameter field is a four byte field containing the relative displacement of the first byte of the payload of the frame from the base address. The Offset is specified in terms of bytes. The use of this field is optional. The setting of F_CTL bit 3 determines whether the Parameter field is used for this Offset function. This field shall be set to 0 when not used.


[bookmark: OLE_LINK4]Note:	For the purpose of this standard, a single sequence exchange model is specified for each ADVB container.
[bookmark: _Toc17601449][bookmark: _Toc66252971][bookmark: _Toc375038118]Data Field
Optional Headers are not permitted in ADVB.
COMMENTARY
Optional Headers are defined in the Fibre Channel standard for the purpose of supporting fabric networks, fabric transport time control, bridging, network IDs, etc. None of these apply to ADVB, which is defined as a unidirectional point-to-point interface.
[bookmark: _Toc17601450][bookmark: _Toc66252972]The concatenated payloads of a Sequence consist of container header, Object 0 data, Object 1 data, Object 2 data and Object 3 data. The segmentation of this data is addressed in Appendix C. The length of the Data Field and use of Fill parameters are defined in FC-AV.
[bookmark: _Toc375038119]Cyclic Redundancy Check (CRC)
All data frames will include a four byte cyclic redundancy check code based on the frame header and Payload Data Fields only. For the purposes of CRC computation, the bit of the word-aligned four byte field that corresponds to the first bit transmitted is the highest-order bit. The LSB of the first character of the Frame Header is the first bit of the transmission word transmitted. Use of the Image CRC (Section 3.2.2.5.3 ) is optional.
The CRC computations will use the following 32-bit polynomial:
X32 + X26 + X23 + X22 + X16 + X12 + X11 + X10 + X8 + X7 + X5 + X4 + X2 + X + 1
[bookmark: _Toc17601451][bookmark: _Toc66252973][bookmark: _Toc375038120]End of Frame (EOF)
For ADVB links encoded using 8B/10B, aAll frames except the last frame of an ADVB container data transfer sequence will employ the End of Frame Normal (EOFn) Ordered Set beginning RD Negative or beginning RD Positive.
The last frame of an ADVB container data transfer sequence will employ the End of Frame Terminate (EOFt) Ordered Set beginning RD Negative or beginning RD Positive.
For ADVB links encoded using 64B/66B, the End of Frame Normal (EOFn) and the End of Frame Terminate (EOFt) frame delimiters are used in the same way; however, there is no distintion between RD Negative or beginning RD Positive EOF versions.  
[bookmark: _Toc375038121]Idle Fill
Following completion of transmission of the current ADVB container, and prior to initiating transmission of the next ADVB container at the interval required to maintain the appropriate refresh rate, equipment shall continuously transmit either one of the Idle primitive Ordered Sets (defined in Table 3‑15) to permit the bus receivers to maintain synchronization.
[bookmark: _Ref121292823][bookmark: _Toc375038122]Transmission and Reception
ADVB shall match the transmission encoding utilizing 8B/10B (or 64B/66B encoding for 16x 10x FC rates and greater) as described in FC-FS Clause 5.
For ADVB links encoded using 8B/10B, the ADVB shall limit the Primitive Signal Ordered Sets to those shown in Table 3‑15 and all other Ordered Sets shall be ignored by the receiver..
[bookmark: _Ref105907798][bookmark: _Toc161642601]Table 3‑15 – ADVB Allowed Ordered Sets (8B/10B)
	Primitive Signal
	Beginning RD
	Ordered Set

	SOF Initiate Class 1 (SOFi1)
	Negative
	K28.5  D21.5  D23.2  D23.2

	SOF Normal Class 1 (SOFn1)
	Negative
	K28.5  D21.5  D23.1  D23.1

	SOF Initiate Class 3 (SOFi3)
	Negative
	K28.5  D21.5  D22.2  D22.2

	SOF Normal Class 3 (SOFn3)
	Negative
	K28.5  D21.5  D22.1  D22.1

	EOF Terminate (EOFt)
	Negative
Positive
	K28.5  D21.4  D21.3  D21.3
K28.5  D21.5  D21.3  D21.3

	EOF Normal(EOFn)
	Negative
Positive
	K28.5  D21.4  D21.6  D21.6
K28.5  D21.5  D21.6  D21.6

	Idle
	Negative
	K28.5  D21.4  D21.5  D21.5

	Low Emissions Idle *
	Negative
	K28.5  D20.4  D31.7  D31.7


Note:	*This item is also known as a Fibre Channel ARB(ff) and is an alternative form of Idle and usage results in minimization of EMI within a system.
All other Ordered Sets shall be ignored by the receiver. 

For ADVB links encoded using 64B/66Bb, the ADVB shall limit the Frame delimiters to those shown in Table 3-16 and all other frame delimiters shall be ignored by the receiver.
Table 3‑16 – ADVB Allowed Frame Delimiters (64B/66B)
	Abbr.
	Frame Delimiter
	Modifier
Byte 1
	Modifier
Byte 2
	Modifier
Byte 3

	SOFi3
	SOF Initiate Class 3
	B5h
	56h
	56h

	SOFn3
	SOF Normal Class 3
	B5h
	36h
	36h

	EOFt
	EOF Terminate
	95h
	75h
	75h

	EOFn
	EOF Normal
	95h
	D5h
	D5h


Consult Appendix F for further clarification on 64B/66B encoding.

[bookmark: _Toc80435870][bookmark: _Toc375038123] Transmitter Operation
The transmitter state diagram of Section 6 of the FC-FS specification is not required. The transmitter shall transmit Idle Ordered Sets (for 8B/10B encoded links) or Idle Special Functions within Transmission Words (for 64B/66B encoded links) at power-up and whenever it has no other information to transmit. 
The transmitter will transmit in complete Ttransmission Wwords at all times, so that the receiver will not have to re-establish synchronization periodically once synchronization has been achieved.
For a safety shutdown or the failure situation, the transmitter may disable the optical transmitter, such that no optical power is transmitted.
[bookmark: _Toc80435871][bookmark: _Hlk531244607][bookmark: _Toc375038124] Receiver Operation
For ADVB links encoded using 8B/10B, tThe receiver shall achieve word synchronization on the two idles that precede a SOF Ordered Set, such that the SOF is correctly received.
If the receiver detects an error in the byte or word encoding (lost synchronization), the receiver shall generate a unique indication to the receiver control hardware that an error was detected and wait for the next SOF to synchronize.
For ADVB links encoded using 64B/66B, the receiver shall achieve word synchronization on the two Idle Special Functions that precede a SOF Special Function, such that the SOF Special Function is correctly received.
If the receiver detects an error in the Control Transmission Word encoding, the receiver shall generate a unique indication to the receiver control hardware that an error was detected and wait for the next SOF Special Function to synchronize.

If the receiver detects an error in the byte or word encoding (lost synchronization), the receiver shall generate a unique indication to the receiver control hardware that an error was detected and wait for the next SOF to synchronize. 
COMMENTARY
In cases where the receiver detects an error, tThe CRC check on the subsequent data in that line of that ADVB Frame will also typically fail.

If an error is detected during 8B/10B or 64B/66B decoding, the receiver shall generate a unique indication to the receiver control hardware that an error was detected.
If the CRC of an ADVB frame is bad, the receiver shall generate a unique indication to the receiver control hardware that an error was detected.
If the last frame does not end with an EOF terminate the receiver shall stop receiving frames until the next frame with a SOFi1. 
If ADVB frames are received that are not between an initial SOF initiate and an end frameEOF terminate, they shall be ignored.
If the receiver detects a second SOFi1 SOF initiate frame during the reception of an image (before having received and EOF terminate), the receiver shall abandon the currently accumulated image data and begin accumulating data for the new imagethe current display frame and start the display of the new display frame. The result of any ancillary data commands for the abandoned display frame isimage data shall be undefined.
COMMENTARY
It is expected that the receiver will receive and display a video frames that starts early or late in the vertical sync time. If the graphics generator must synchronize with an external source, this is done by adding or subtracting time during this interval. It is expected that this variation will not cause erroneous operation of the receiving unit.
The receiver operation described is intended to prevent random data observation on the DUs if an error occurs in the ADVB. A valid question is whether this receiver operation should also be applied to a Digital Video Recorder (DVR). In some cases, the DVR will not use zeros, rather it will record what was received in the frame. This creates the question of whether a recorded problem happened on the DU or in the DU to DVR connection.
Transmit and Receiver Latency Requirements
Aircraft displays such as head down-displays (HDD), head-up displays (HUD) and head-mounted displays (HMD) are sensitive to latency. This is because the pilot uses video images for real-time visual guidance and sees the image with the outside world superimposed in the background. Some aircraft functions are more tolerate to latency such as video recorders. 
It is important that the display system design and implementation take into account the overall system latency budget and allocate the proper latency to the ARINC 818 interface. Other contributors to latency such as image acquisition, image rendering, video processing, and others should be considered.
Implementations sensitive to latency shall use FIFOs through which the video stream crosses to/from the ARINC 818 clock domain and can reach latency of up to a few video lines (microseconds).
Non-latency-sensitive implementations may use dual or triple frame buffers which store the video frames in a memory device, display the previous frame and thus impose latency of at least one video frame (milliseconds).
For example, a VESA Standard SXGA video of 1280 pixels, 1024 rows 24 bpp, and refresh rate of 60 Hz is transmitted with two FC packets per row. Thus a FC row FIFO can produce a latency of one video line (in this case is 15.6 usec). An FC packet FIFO can produce a latency of approximately one-half video line (7.8 usec).
If a dual-frame buffer is used, it will contribute a latency of one video frame (16.7 msec in the case of 60 Hz refresh rate).
Depending on system requirements, the latency found to be acceptable may be defined for the ARINC 818 transmitter and for the ARINC 818 receiver.
The overall transport latency contribution of an ARINC 818 interface is the time difference as measured between the video output after the ARINC 818 receiver and the video input to the ARINC 818 transmitter. 
The measurements must be consistent to maintain the video timing and refresh rate and contribute only to a phase delay in the video output.
[bookmark: _Ref135455683][bookmark: _Toc375038125]Support for Multiple Video Streams on a Single Link
[bookmark: _Toc511961656]As an option, the capability to multiplex multiple video streams onto a single high-speed link may be provided through assignment of a unique Source ID or Destination ID parameter for each video stream. Line synchronous timing may be maintained by offsetting the timing of synchronized video streams by fixed fraction of line time to minimize DU line buffer size.
[bookmark: _Ref135455699][bookmark: _Toc375038126]Support for Multiple Link ADVB
As an option, the capability to drive a display from two or more links may be provided for applications where a single link does not have adequate speed. 
Channel bonding refers to breaking video frames into smaller segments, such as a left/right half or even/odd pixels. Channel bonding for segmented lines is specified using Parameters Data Descriptions (Object 0, Word 3), fields 6 and 7. A complete container header is used for each link.
[bookmark: _Toc375038127]Pixel Interleaved – Dual Link
A dual link implementation may transmit even pixels on one link and odd pixels on the second link. The Pixel Interleaved video format codes are defined in Table 3‑4. Each link is expected to transmit a complete ADVB container with header, and ancillary data. The first pixel on a line is odd pixel #1. Pixel Interleaved channel bonding is defined in Table 3‑4.
COMMENTARY
The links need to be synchronized within 1/5 of maximum ADVB frame duration in order to minimize DU line buffer size. For test purposes, a single link DU may receive and display one of the links. The two links are identified by their assigned Source ID or Destination ID. 
[bookmark: _Toc375038128]Multiple Link – Segmented Lines
In addition to Pixel Interleaved dual link implementations, segmented line channel bonding can also be used. This type of channel bonding refers to breaking video frames into smaller segments, such as right and left half. Channel bonding is specified using Parameters Data Descriptions (Object 0, Word 3), fields 6 and 7. A complete container header is used for each link.
COMMENTARY 
When developing a channel bonded system, channel-to-channel skew should be documented in the ICD. For example, if left to right scanning is required by the receiver, it may be necessary to transmit the left channel before or simultaneously with the right channel.
[bookmark: _Toc375038129]ADVB Switching
ARINC 818 is conceived as point-to-point data transfer medium to support the strict timing requirements typical of display systems. Depending on the number of channels being used, ADVB architectures may include switches capable of switching video, audio and data. This section provides considerations for ARINC 818 switches.
[bookmark: _Toc375038130]Switching Requirements
[bookmark: _Toc375038131]Unbroken Containers
ARINC 818 switching must take place only between containers. In the case of video, switching must take place during vertical blanking between video frames. This is intended to prevent video frames from being broken. Due to the asynchronous nature of the different video channels, a switch output port may not maintain frame synchronous timing during the switchover period.
COMMENTARY
To minimize latency due to switching, systems with audio only and data only ADVB should consider container size. 
[bookmark: _Toc375038132]Switch Control
When switching is used, the switch control must be defined by the system ICD. ARINC 818 switching may use out-of-band (external) or in-band (ARINC 818 internal) control.
When using in-band routing, the source and destination IDs should be used as shown in Table 3‑14.
COMMENTARY
For in-band multicast routing, methods for establishing, modifying, and de-establishing multicast alias groups should consider the applicable Fibre Channel standards. Likewise, the routing of traffic through ARINC 818 switches to multicast destination addresses should consider the applicable Fibre Channel standards.
[bookmark: _Toc375038133]Switching Considerations
Switching methodology should conform to good design practice as described below. This commentary provides considerations for switch design, switch selection and ICD development.
COMMENTARY
Default Settings – An ARINC 818 switch should be pre-programmed to assume an initial configuration following power-up. For each switch input port, the default configuration may be designated as power-down mode, no active connection, or a connection to one or more output ports. For each switch output port, the default configuration may be designated as power-down mode, no active connection, or a connection from an input port. If a switch has an initial power-up configuration, this should be defined by a system ICD.
Unicast and Multicast – Switches may support both unicast and multicast connections. Multicast control must be clearly specified and is typically done using out of band control. 
Power Down of Ports – Each switch input/output port may have an active mode, sleep mode, power-down mode, etc.
Diagnostics – Switches may be pre-programmed by means of the switch control interface to include diagnostic and system healing capabilities. For example, if a switch determines that the number of errors received from an input port has exceeded a pre-programmed threshold, the switch may autonomously shut down the specific input port, possibly revert it to power-down mode, and route the input from a different specified input port to one or more specified destination ports.
Delay Minimization – To ensure minimum latency, it is recommended that switches support cut-through routing and avoid the use of store-and-forward routing. A switch with out-of-band control will inherently provide cut-through routing.
[bookmark: _Toc375038134]Data Only Links
ADVB may be used for data only links that transfer containers with Object 0 data only. The ADVB container header will communicate the sizes (in bytes) of Object 0 data to the receiver and the receiver will be able to detect that the transfer is data only in three possible ways:
The Object sizes in the ADVB container header will be set to 0 for Objects 1, 2, and 3.
The row and column values in ancillary data Word 0 will be set to 0.
Object 0 Word 3 (miscellaneous control word) will transmit a Parameter type 1 with bit 8 set.
Data only transfers can be of any size and may be comprised of multiple ADVB frames. The total size (in bytes) will be indicated in the Object 0 size field in the ADVB container header. Any special rules for packetization (e.g., the ADVB frames will be of a fixed size) must be specified in an ICD.
Data only transfers may only use Object 0 Words 0-3 and Word 4 (if using cursor control) according to their standard definition (see Section 3.2.2.5.)
Data only ADVB link rates may be of one of the link rates established in Table 4‑1, or may be at a different rate established by the ICD.
The CI field should be set to 0h (when this field is set to 8h this indicates palletized color and ancillary data Word 4-259 will be interpreted as color palette information).
[bookmark: _Toc375038135]Bi-directional Camera Interfaces
Bi-directional camera interfaces may be accomplished using one ADVB link for video transport and a second ADVB for camera control parameters.
The bi-directional interface should conform to the following rules:
The video ADVB shall be of one of the link rates established in 
Table 4‑1.
The camera control ADVB will use a data only link as described in Section 3.8.
[bookmark: _Toc375038136]Camera Control Parameters
Camera control parameters may be encapsulated in data only ADVB transfers. The transfers must conform to rules as described in Section 3.8. The definition of camera control parameters should be specified in a separate ICD.
[bookmark: _Toc375038137] Camera Video Frame Synchronization
Data only containers can be used as a synchronization pulse for camera systems and other devices that need synchronization. Video frame synchronization across multiple cameras is desirable to simplify merging or blending operations in the receiving electronics. 
To achieve video frame synchronization, the video receiver must transmit data only ADVB containers at the desired synchronization rate. A parameter type of 1 (Object 0, Word 3) with bit 7 set will indicate to the camera that its outgoing ADVB video must be synchronized with this incoming data only ADVB interface.
This method supports synchronization with sufficient precision to allow the receiving electronics to align video frames for blending operations. When a parameter type 1 is received with bit 7 set, cameras should use the incoming SOFi as a synchronization pulse for the outgoing video. The outgoing video should have a fixed delay relative to this sync. The value of the delay, along with tolerances should be captured in a separate ICD.
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[bookmark: _Toc375038138]ADVB PHYSICAL INTERFACE
[bookmark: _Ref135453908][bookmark: _Ref135453922][bookmark: _Ref135453945][bookmark: _Toc375038139]Data Transfer Rates
This standard specifies multiple ADVB data rates. The data transfer rate(s) should be selected for the application. The rate tolerance should be ±100 ppm.
[bookmark: _Ref366156886][bookmark: _Toc161642602]Table 4‑1 – ADVB Data Rates
	Bit Rate (Gbps)
	Note:

	1.0625
	FC 1x rate (8B/10B encoding)

	1.5
	

	1.62
	

	2.125
	FC 2x rate (8B/10B encoding)

	2.5
	

	3.1875
	FC 3x rate (8B/10B encoding)

	4.25
	FC 4x rate (8B/10B encoding)

	5.0
	

	6.375
	FC 6x rate (8B/10B encoding)

	8.5
	FC 8x rate (8B/10B encoding)

	10.51875
	FC 10x rate (8B/10B encoding)

	12.75
	FC 12x rate (64B/668B/10B encoding)

	14.025
	FC 16x rate (64B/66B encoding)

	21.0375
	FC 24x rate (64B/66B encoding)

	28.05
	[bookmark: _GoBack]FC 32x rate (25664B/25766B encoding)


Note:	Additional data rates may be added (or removed) by a future Supplement. ADVB 64B/66B encoding definition is detailed in Appendix F.  An Appendix defining 256B/257B encoding will be released in the future.  The data rate for 28.05 may be implemented with 64B/66B encoding. For data only links, specific data rates other than those shown in Table 4‑1 may be defined in an ICD. Refer to Section 3.8.
COMMENTARY
The following examples are intended to assist the system designer in the specification of the ADVB physical medium and the data transfer rate(s).
Example 1: For an NTSC camera, the bandwidth calculation would be:
720 pixels/row x 480 rows x 16 bits (YUV 4:2:2) x 30 Hz refresh x 1.25 8B/10B x 1.05 (typical FC-AV protocol overhead) is approximately equal to 218 Mbps. 
Example 2: For an SXGA display, the bandwidth calculation would be:
1280 pixels/row x 1024 rows x 8 bits/element gray scale x 3 elements/pixel x 60 Hz refresh x 1.25 8B/10B x 1.05 (typical 
FC-AV protocol overhead) is approximately equal to 2.5 Gbps.
The typical FC-AV protocol overhead is based upon FC-AV header, maximum frame size and minimum size frame separation.
[bookmark: _Toc375038140]
Physical Layer Medium
This document does not specify the ADVB physical medium. The ADVB physical layer shall conform to the appropriate standards for the medium selected for the application.
COMMENTARY
Fiber optic installations may apply the following ARINC Standards:
ARINC Specification 801: Fiber Optic Connectors
ARINC Specification 802: Fiber Optic Cable
ARINC Report 803: Fiber Optic System Design Guidelines
ARINC Report 804: Fiber Optic Active Device Specification
ARINC Report 805: Fiber Optic Test Procedures
ARINC Report 806: Fiber Optic Installation and Maintenance
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[bookmark: _Toc375038141]TEST EQUIPMENT
ADVB test equipment is expected to support engineering development, factory test, and maintenance of ADVB compliant hardware.
Because ADVB is based on Fibre Channel (FC) and shares the same physical media, serial encoding and decoding rules and the same framing rules, ADVB equipment manufacturers will benefit from existing FC test and development tools.
These tools include:
Protocol analyzers
Traffic generators
Bit error rate testers
Optical power measurement devices
Eye-pattern measurement devices
Whereas bit error rate, optical power, and eye-pattern measurement devices deal with lower layer characteristics that are indistinguishable between ADVB and FC equipment, they will directly support ADVB development and testing needs.
Because the ADVB uses the FC-0, FC-1, and FC-2 layers of FC, existing FC protocol analyzers and FC traffic generators will support much of the test and verification needs of ADVB. However, ADVB does have unique characteristics that will benefit from expanded feature sets within these test instruments.
The following sections identify a minimum set of requirements for FC protocol analyzers and traffic generators for supporting ADVB. It makes recommendations for added features to address unique requirements of ADVB.
COMMENTARY
It is common for FC to be used to connect servers and storage devices. FC has evolved as the medium of choice for many Storage Area Networks (SANs). For this reason, there are numerous suppliers of test equipment for supporting the design, installation, and maintenance of FC storage and networking environments.
[bookmark: _Toc375038142]Protocol Analyzers
[bookmark: _Toc375038143]Minimum Requirements for ADVB
Because ADVB is intended to be less complex than FC network topologies, FC protocol analyzers are considered to be sufficient to support ADVB needs. Other analysis features (e.g., analysis of logins, sequence and exchange events, etc.) may be provided as a marketplace option. At a minimum, protocol analyzers should provide interpretation of ADVB frame header fields and verification of the following as defined in FC-FS (ANSI/INCITS 373-2003):
8B/10B encoding
Running Disparity (RD)
CRC calculation
Ordered Sets
Frame construction
Sequence Management
[bookmark: _Toc375038144]Recommendations for ADVB Protocol Analyzers
Because ADVB introduces new testing requirements for existing FC-AV protocol analyzers, the following features are recommended.
[bookmark: _Toc375038145] ADVB Container Header Analysis
It is recommended that the following parameters (as defined in Section 3.2.1) be extracted from the ADVB container and displayed:
Container Count (Word 0)
Clip ID (Word 1)
Container Time Stamp (Words 2 and 3)
Video Frame Rate (Word 4, Byte 0) 
Transmission Rate (Word 4, Byte 1)
These quantities may also be displayed in hexadecimal form, with corresponding text descriptions.
[bookmark: _Toc375038146] ADVB Object 0 Ancillary Data Analysis
It is recommended that ADVB parameters, as defined in Section 3.2.1 of this document, be extracted and displayed from ADVB Object 0 Ancillary data. It should be possible for all Object 0 data to be extracted in a hexadecimal file for storage and display. These quantities may be displayed as corresponding text descriptions.
[bookmark: _Toc375038147] Container Analysis
ADVB Protocol analyzers should report on certain attributes of the ADVB container including the average, minimum, and maximum detected container rate, based on the detection of SOFi.
Because ADVB allows for line synchronous implementations, protocol analyzers should report on timing of Object 2 FC frame timing including minimum and maximum timing between Object 2 and Object 3 SOFn.
[bookmark: _Toc375038148]Traffic Generators
[bookmark: _Toc375038149]Minimum Requirements for ADVB 
To some degree, existing FC traffic generators can act as test input sources for ADVB receivers. These devices may not have higher-level support for the creation of video payload, ADVB container header data, and Object 0 Ancillary data. However, these generators can be useful as stimulation sources in development of ADVB receiving devices.
At a minimum, traffic generators used for ADVB should support the following as defined in FC-FS (ANSI/INCITS 373-2003):
Valid 8B/10B encoding
Correct running disparity
CRC insertion
ADVB ordered sets (as defined in Section 3.4 above)
ADVB/FC frame header fields 
ADVB/FC frame construction 
Automatic incrementing of SEQ_CNT (as described in Table 3‑13)
Automatic assertion of F_CTRL Bit 19 (as described in Table 3‑13)
Automatic assertion of F_CTRL Bit 3, and auto update of parameter field (as described in Table 3‑13)
Automatic assertion of F_CTRL Bits 1 and 0 (as described in Table 3‑13)
[bookmark: _Toc375038150]Recommendations for ADVB Traffic Generators
Because ADVB introduces new testing requirements not typically handled by existing FC-AV traffic generators, the following features are recommended.
[bookmark: _Toc375038151] ADVB Container Header Creation
It is recommended that ADVB traffic generators support the creation of container header data where default values for the fields defined in Section 3.2.1 be input through a Graphical User Interface (GUI) menu or created in default header text file. In addition, the test equipment should support the automatic update of Container Count (Word 0).
[bookmark: _Toc375038152] ADVB Object 0 Ancillary Data Creation
It is recommended that ADVB traffic generators support the creation of Object 0 Ancillary data, where default values for the fields defined in Section 3.2.2.5, as well as user-defined data from an ICD, be input through a GUI menu or created in default header text file.
[bookmark: _Toc375038153] Container Attributes
It is recommended that traffic generators provide a means for loading video payload in Object 2 and Object 3 FC frames. Associated software may provide for the automatic extraction of data from standard image sources such as bitmap files or may rely on pre-processed data files that reflect the image resolution and pixel packing method. 
The traffic generator should provide a means for controlling the FC frame size and allow for integer numbers of video lines (or partial lines) to be loaded in FC frames.
ADVB traffic generators should provide for adjustments in the transmitted container rate. This can be accomplished by internal timers that govern the start times of outgoing containers (i.e., the SOFi rate). The container rate can also be adjusted by programmable settings for the number of Idle Ordered Sets between EOFt and SOFi (Idle fill).
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Since ADVB specifies line synchronous display timing, traffic generators should be programmable to support the timing requirements of outgoing FC frames. This can be accomplished by internal timers that govern the start times of outgoing FC frames (i.e., the ability to set the SOFn start times relative to SOFi). This timing may also be accomplished by programmable settings for the number of Idle Ordered Sets between Object FC frames.
[bookmark: _Toc375038154]Acronyms and GlOSSARY
ADVB	Avionics Digital Video Bus
AEEC	Airlines Electronic Engineering Committee
ANSI	American National Standards Institute
BER	Bit Error Rate
BGR	Blue, Green, Red
CCIR	Consultative Committee for International Radio
CDS	Cockpit Display System 
CE	Cursor Control Word (or User-Defined Word)
CI	Color Information
CRC	Cyclic Redundancy Check
CVT	Coordinated Video Timing
CW	Continuous Wave
dB	Decibel
dBm	Decibel (milliwatt)
DMT	Digital Media Technology
DU 	Display Unit
DVR	Digital Video Recorder
EIA	Electronics Industries Association
EMC	Electromagnetic Compatibility
EMI	Electromagnetic Interference
EOF	End Of Frame
EOFt	End Of Frame terminate
EOFn 	End Of Frame normal 
FC	Fibre Channel
FC-AV	Fibre Channel – Audio Video
FC-FS	Fibre Channel – Framing and Signaling
FC-PH	Fibre Channel – Physical and Signaling Interface
FC-PI	Fibre Channel – Physical Interfaces
FHCP	Frame Header Control Protocol
FCP	Frame Control Protocol
Gbps	Gigabit per second
GHz	Gigahertz
GUI	Graphical User Interface
HUD 	Head-Up Display
Hz	Hertz
ICD	Interface Control Document
IEEE	Institute of Electrical and Electronic Engineers
INCITS	InterNational Committee for Information Technology Standards
ITU	International Telecommunication Union
LSB	Least Significant Byte (or bit)
MHz	Megahertz
MOPS	Minimum Operational Performance Standards
MSB	Most Significant Byte (or bit)
NA	Not Applicable or Not Available
NCITS	National Committee for Information Technology Standards
nm	Nanometer
NRZ	Non-Return to Zero
NTSC	National Television Standards Committee
NVIS	Night Vision Imaging System
OUI	Organization Unique Identifier
PA	Pixel Aspect Ratio
PAL	Phase Alternating Line
PAO	Pixel Array Order
ppm	parts per million
PRBS	Pseudo-Random Binary Sequence
ps	Picosecond
PTN	Packaging Table Number
RD	Running Disparity
RGB	Red, Green, Blue
SAN	Storage Area Network
SOF	Start of Frame
SOFi	Start of Frame initiate
SOFn	Start of Frame normal
SPDV	Simple Parametric Digital Video (Protocol)
SMPTE	Society of Motion Picture Engineers
SXGA	Super Extended Graphics Array
TBD	To Be Determined
UI	Unit Interval
µm	Micrometer
µs	Microsecond
µW	Microwatt
VESA	Video Electronics Standards Association
VFT	Video Frame Time
VSO	Vendor Specific Objects
XGA	Extended Graphics Array
YUV	Y=Luma (brightness), U=Blue color difference (Blue minus Luma), V=Red color difference (Red minus Luma)


Variables Definition
x, y, z
These characters are used as variables indicating any numerical value within the range of the radix or context of the document discussion.
Radix Usage Convention
h
Hexadecimal (base 16). All hexadecimal numbers are indicated with an h suffix.
Numerical values for decimal (base 10) numbers have no radix letter.
Numerical values for binary (base 2) numbers can be identified by their groupings of four or are specifically noted in text prior to tables but have no radix letter.
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[bookmark: _Toc375038155][bookmark: _Toc136334708]INTERFACE CONTROL DOCUMENT (ICD) – INFOrmation AND EQUATIONS
This appendix describes information recommended for incorporation into an ICD (Interface Control Document) when describing equipment that utilizes ADVB. It also provides:
Equations to estimate the data rate needed to support a specific implementation.
Guidelines to define the performance of optical transmitters and receivers that carry the ADVB signal.
B-1	ICD Recommendations
Since ADVB can be used to implement connections between units in various ways, it is recommended that ICDs be developed that describe the details of specific product implementations. 
ICDs should contain the following information for all supported video formats, resolutions and frequencies:
1. Link characteristics
· Link type (single/dual)
· Data rates
Note:	For fiber optic physical layer definitions and system design guidelines, refer to ARINC Report 803.
Video format (per video stream)
· Resolution 
· Active Image Size (pixels x lines)
· Visible Image Size (pixels x lines, see Note 1)
· Visible Image Offset (pixels x lines, see Note 2)
· Total Line Periods per Field/Frame and tolerance (for frame synchronous modes, see Note 3)
· Total transmission clocks per line period and tolerance (for line synchronous modes, see Note 3)
· Scan type (Interlaced/Non-Interlaced)
· Frame rate
· Color Information Format (Mono/RGB/YCrCb (4:2:2), etc.)
· Bits per pixel/component
· Pixel aspect ratio
COMMENTARY
For a complete specification, refer to detailed register values.


Notes:
1. Visible area is the active area unless there are test rows or columns.
From upper, left corner (first row, first column).
Ignores discontinuities due to synchronization during Vertical or Horizontal Blanking, may be a fractional number. This corresponds to VTotal and HTotal values in conventional raster specifications.
Video Timing 
Units: Ordered Sets (40 FC bit times, containing 4 bytes) unless otherwise specified.
COMMENTARY
The following parameters are depicted in Figure B-1 below. Not all parameters are relevant to each timing category.
Timing Category (Pixel Synchronous, Line Synchronous, Frame Synchronous, or Asynchronous)
Vertical Period and tolerance (SOFi to next SOFi, tVFT)
Vertical Back Porch and tolerance (t0)
Vertical Front Porch and tolerance (t5)
SOFi to SOFn1
EOFn0 to SOFn1
Vertical Active Time and tolerance (SOFn1 to EOFt)
Maximum Timing Correction at end of field/frame
Orthogonal (i.e., whole line increments only) (Y/N)?
Line period and tolerance (SOFn to next line’s SOFn, tLT)
Horizontal Blanking (EOFn to next line’s SOFn, t4) 
Maximum deviation from nominal SOFn position (i.e., maximum cumulative error)
Figure B-1 shows the key timing parameters for implementing an ARINC 818 interface. It is not an exhaustive list for all possible implementations, but is meant to show important parameters, and how they may be interpreted for the different classes. 
Note:	As clock domains are crossed, it is difficult to line up the timing perfectly. The grid in the diagram below indicates perfect timing in a FC domain. Implementors should be aware of the time skewing that occurs when crossing from a pixel clock domain to a FC domain and back. 


[bookmark: _Ref154288050][bookmark: _Toc169668186]
Figure B-1 – Timing Parameters


Example timing parameters for each class are shown in Table B-1. The timing parameters are affected moving from one class to another. This example is not a definition of timing parameters. It is purely illustrative in nature.
[bookmark: _Toc161642603]Table B-1 – Timing Examples for Different Class Systems
	
	A1
	A2
	A3
	B1
	B2

	t0
	na
	t0>=6*TLW + FC Frame 0 size * TLW
	t0>=6*TLW + FC Frame 0 size *TLW
	t0>=6*TLW + FC Frame 0 size * TLW
	t0>=500*TLW + FC Frame 0 size * TLW

	t1
	na
	na
	na
	na
	na

	t2
	na
	na
	na
	na
	na

	t3
	t3=t4>=6*TLW
	t3=t4>=6*TLW
	t3>=6*TLW
	t3=t4>=6*TLW
	t3=t4>=6*TLW

	t4
	t3=t4>=6*TLW
	t3=t4>=6*TLW
	t4>=6*TLW
	t3=t4>=6*TLW
	t3=t4>=6*TLW

	t5
	t5>=6*TLW
	t5>=6*TLW
	t5>=6*TLW
	t5>=500*TLW
	t5>=500*TLW

	t6
	na
	na
	na
	T6<=2*TLW
	T6<=2*TLW

	t7
	na
	na
	na
	T6<=2*TLW
	T6<=2*TLW



	
	B3
	C1
	C2
	C3

	t0
	t0>=500*TLW + FC
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Frame 0 size * TLW
	t0=4*line size*
TLW (±1 TLW)
	t0=4*line size*
TLW (±1 TLW)
	t0=4*line size*
TLW (±1 TLW)

	t1
	na
	t1<=1*TLW
	t1<=1*TLW
	t1<=1*TLW

	t2
	na
	t2<=1*TLW
	t2<=1*TLW
	t2<=1*TLW

	t3
	t3>=6*TLW
	6* TLW <=t3<=15*TLW
	6* TLW <=t3<=15*TLW
	6* TLW <=t3<=15*TLW

	t4
	t4>=6*TLW
	t4>=6*TLW
	t4>=6*TLW
	t4>=6*TLW

	t5
	t5>=500*TLW
	t5>=500*TLW
	t5>=500*TLW
	t5>=500*TLW

	t6
	t6<=2*TLW
	t6<=2*TLW
	t6=N*line size
	t6<=2*TLW

	t7
	t7<=2*TLW
	t7<=2*TLW
	t7=N*line size
	t7<=2*TLW



	
	D1
	D2
	D3

	t0
	t0=4*line size*TLW (±1 TLW)
	t0=4*line size*TLW (±1 TLW)
	t0=4*line size*TLW (±1 TLW)

	t1
	t1=0
	t1=0
	t1=0

	t2
	t2=0
	t2=0
	t2=0

	t3
	6* TLW <=t3<=15*TLW
	6* TLW <=t3<=15*TLW
	6* TLW <=t3<=15*TLW

	t4
	t4>=6*TLW
	t4>=6*TLW
	t4>=6*TLW

	t5
	t5>=500*TLW
	t5=20*line size*TLW
(± 1 TLW)
	t5=20*line size*TLW
(± 1 TLW)

	t6
	t6<=20*TLW
	t6=N*line size
	t6=0

	t7
	t7<=20*TLW
	t7=N*line size
	t7=0

	Additional constraints
	None
	t0+t5 = integral number of
line times
	t0+t5 = integral number of
line times




ADVB Transmission (Data Segmentation/Packetization)
COMMENTARY
Not all parameters may be relevant, according to timing category.
Number of video streams.
Containers per video image
FC frames per video line
Intraline idles (between FC frames comprising segmented line)
Cursor present:
· Quantity
· Update rate
Ancillary data
· Size
· Description
In addition, the following is advisable:
Detailed version of Table 3‑2 – ADVB Container Header (Simple Mode), Figure 3‑5 and Table 3‑13. Examples of the level of detail for this information can be observed in Table D-8 through Table D-22.
Pictorial representation of how the video frame is allocated to the ADVB data frame. Examples of the level of detail for this picture can be observed in Figure D-1 and Figure D-2.
List and describe supported optional features (if any).
B-2	Equations
The following equations are provided to aid implementers of ADVB to estimate various parameters of an ADVB connection.
[bookmark: _Toc161642604]Table B-2 – Table for Equations
	Definition
	Constant/Function/Variable/Equation
	Unit
	Description

	rounding.sup
	Function = Round up 
	n/a
	Round up value inside parenthesis

	word
	Constant = 32 
	word
	data consisting of 32 bits

	8B/10B
	Constant = 1.25
	n/a
	Constant reflecting the 8B/10B encoding multiplier.

	ADVBPOv
	Constant = 1.05
	n/a
	Constant reflecting the overhead associated with the protocol header information.

	horpixel
	Variable
	n/a
	number of pixels per video line

	vertotal
	Variable
	n/a
	number of lines per video frame

	pixsize
	Variable
	bit
	Reflects the number of bits needed to represent a single pixel.

	vframerate
	Variable
	Hz
	Number of video frames per second (video update rate)

	bytepix
	Variable
	n/a
	Number of bytes per pixel

	
	
	
	

	Aframeperline
	rounding.sup(bytepix * horpixel / 2112)
	n/a
	Number of ADVB frames per line

	videowords
	(bytepix * horpixel) / 4
	word
	Number of video words per line. For VESA standards, horpixel is multiple of 8, rounding is not necessary in the equation (no need for fill bytes). 

	overhead
	15 * frameperline
	word
	minimum overhead per line
(without minimum Idles between FC-AV frames)

	totalword
	videowords plus overhead
	word
	minimum total words per line

	minimum bit rate
	(pixsize * horpixel * vertotal * vframefreq *  8B/10B * ADVBPOv)/1000000 
	Mbaud
	minimum link bit rate


[bookmark: _Toc136334710][bookmark: _Ref135455833]B-3	Optical Signal Performance and ICD
[bookmark: _Toc134586689][bookmark: _Toc215227376][bookmark: _Toc215290739][bookmark: _Toc231386704]Optical Transmitter Performance
The optical transmitted signal shall be tested at the interoperability point, which is the output end of any patch cord between two and five meters in length of the relevant type used in the aircraft.
A minimum length of 2m for the patch cord is required to remove the risk of cladding modes affecting the measurement of optical power.


[bookmark: _Toc215227408][bookmark: _Toc215290746][bookmark: _Toc231386713][bookmark: _Ref364174458]Figure B-2 – Interoperability Point for Testing of Optical Transmitted Signal
The ICD should include at least the following parameters for the transmitters:
Type of optical fiber in which the signal is injected
Multimode or single mode
Graded index or step index
Core and cladding diameter
Data rate
Optical wavelength and maximum spectral width
Minimum and maximum optical output power
Peak-to-peak optical modulation amplitude and/or extinction ratio
Maximum rise and fall times and/or eye diagram
Maximum total jitter
Optical Receiver Performance
The optical received signal shall be tested at the interoperability point, which is the output end of any patch cord between two and five meters in length of the relevant type used in the aircraft.


[bookmark: _Ref364174534][bookmark: _Toc215227410][bookmark: _Toc215290748][bookmark: _Toc231386715]Figure B-3 – Interoperability Point for Testing of Optical Received Signal
The ICD should include the following parameters for the receivers as a minimum:
Type of optical fiber from which the signal is received
Multimode or single mode
Graded index or step index
Core and cladding diameter
Data rate
Optical wavelength and maximum spectral width
Minimum and maximum received optical power (CW)
Signal detect assert and de-assert levels


B-4	Example of Optical Signal ICD
[bookmark: _Ref105500640][bookmark: _Toc134586710][bookmark: _Toc137615740][bookmark: _Toc215227383][bookmark: _Toc215290754][bookmark: _Toc231386722]Table B-3 – Optical Fiber Characteristics
Optical fiber in use:

	Parameter
	

	Type
	Multimode

	Index
	Graded Index

	Core diameter
	62.5 µm ± 3µm

	Clading diameter
	125  µm ± 2µm



[bookmark: _Ref366143275]Table B-4 – Optical Transmitter Characteristics
For transmitters:

	Parameter
	Symbol
	Note
	Min.
	Typ.
	Max.
	Unit

	Bit rate
	
	
	
	3.1875
	
	Gbps

	Optical wavelength
	t
	
	830
	850
	860
	nm

	Spectral width (RMS)
	t
	
	
	
	0.85
	nm

	Optical output power (average, with ageing margins)
	PAVt
	
	-8
	
	(1)
	dBm

	Optical modulation amplitude (OMA)
	POMAt
	(2)
	247
	
	
	µW

	Extinction ratio
	re
	
	6
	9
	
	dB

	Relative intensity noise
	RIN
	
	
	
	-118
	dB/Hz

	Rise time (20% to 80%)
	trt
	(3)
	
	
	120
	ps

	Fall time (80% to 20%)
	tft
	(3)
	
	
	120
	ps

	Deterministic jitter
	tDJt
	
	
	
	0.26
	UI

	Total jitter
	tJt
	
	
	
	0.44
	UI

	Notes:
	1. Lesser of class 1 laser safety limits (per EN 60825 or IEC-825) or receiver power max.
	2. Optical modulation amplitude is peak-to-peak.
	3. Rise and fall time specifications are based on the unfiltered waveforms. For the purpose of standardizing the measurement method, measured waveforms shall conform to the mask as defined in Figure B-4 shown below.
	4. All values must be assured under worst-case conditions. See RTCA DO-160/EUROCAE 
ED-14 (e.g., Temperature min and max, humidity, vibration and shock, resistance against chemical agencies, EMC/EMI, lifetime, etc.)


The transmitter pulse shape characteristics shall comply with the form of a mask of the transmitter eye diagram, measured at the interoperability point as defined in Figure B-2.
The parameters defining the mask of the transmitter eye diagram are shown in Figure B-4.
[image: ]
[bookmark: _Ref214966356][bookmark: _Ref214966398][bookmark: _Toc215227409][bookmark: _Toc215290747][bookmark: _Toc231386714]Figure B-4 – Transmitter Eye Diagram Mask
Note:	x1 shall be half of the value given for total jitter given in Table B-4, measured at interoperability point.
The compliance with the eye diagram can be measured using a reference receiver-oscilloscope combination having a fourth-order Bessel-Thomson filter.
For receivers:
The optical receiver shall operate within a BER of 10-12 as long as the received signal at interoperability point (as defined in Figure B-3) complies with the requirements listed in Table B-5.


[bookmark: _Toc134586711][bookmark: _Toc137615741][bookmark: _Toc215227384][bookmark: _Toc215290755][bookmark: _Toc231386723]Table B-5 – Optical Receiver Characteristics
	Parameter
	Symbol
	Note
	Min.
	Typ.
	Max.
	Unit

	Bit rate
	
	
	
	3.1875
	
	Gbps

	Optical wavelength
	r
	
	830
	
	860
	nm

	Average received power
	PAVr
	(1)
	-15
	
	0
	dBm

	Unstressed receiver sensitivity (OMA)
	POMAr
	(1) (2)
	49
	
	
	µW

	Return loss of receiver
	RL
	
	12
	
	
	dB

	Signal detect de-assert level
	POFFr
	
	-28
	
	
	dBm

	Signal detect assert level
	PONr
	
	
	
	-15
	dBm

	Signal detect hysteresis
	HYS
	
	1.5
	2.25
	3.5
	dB

	Notes:
	1. With BER=10-12 at 3.1875 GigaBaud, PRBS=27-1, NRZ, Compliant with FC-PI-3
	2. Optical modulation amplitude is peak-to-peak.
	3. All values must be assured under worst-case conditions. See RTCA DO-160 /EUROCAE ED-14 (e.g., Temperature min and max, humidity, vibration and shock, resistance against chemical agencies, EMC/EMI, lifetime, etc.)
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[bookmark: _Toc375038156]SYNCHRONIZATION SEGMENTATION CLASSIFICATIONS
There are many ways to control the timing of the video transfer. This standard allows the system designer to select a limited number of interface speeds to satisfy system design goals. 
For example, some systems may use bus timing that sends information line-by-line to the DU. In this case, the start of the container would represent a vertical sync point. Idles would be inserted to accommodate horizontal line blanking and sync time between ADVB frames. The ADVB frame size would contain an integer amount of line data if a video line is less than the maximum ADVB frame size. Otherwise, it will use the minimal number of Fibre Channel frames necessary to hold the video line.
A second example moves video data as a bitmap of data. A third (and extreme opposite) example moves video data in a way that duplicates the timing structure shown in Figure 2‑3. These examples and others can be organized into several classifications. This list is not intended to be exhaustive but does span the entire timing range from completely asynchronous to synchronous to display timing.
The illustrations in this attachment are provided in the context of a small progressive video type. For other video frame situations requiring multiple ADVB frames per line, interlaced video, vertical front porch variations, and other variations, the illustrations can be adapted to cover those situations.
Table C-1 – ADVB Synchronization Segmentation Classification
	Type
	Timing
	Ortho
	Segmentation
	Notes

	A1
	Asynchronous
	N
	No special segmenting
	Frame Buffered 

	A2
	Asynchronous
	N
	Container header segmented
	Frame Buffered

	A3
	Asynchronous
	N
	Line segmented
	Frame Buffered

	B1
	Frame sync
	N
	No special segmenting
	Buffered

	B2
	Frame sync
	N
	Container header segmented
	Buffered

	B3
	Frame sync
	N
	Line segmented
	Buffered

	C1
	Line sync, jitter
	N
	Line segmented
	Line Buffered

	C2
	Line sync, jitter
	O w/J
	Line segmented
	Line Buffered

	C3
	Line sync to external
	O
	Line segmented
	Line Buffered

	D1
	Pixel sync, no jitter
	N
	Line segmented
	Unbuffered

	D2
	Pixel sync, no H jitter
	O w/VOJ
	Line segmented
	Unbuffered

	D3
	Pixel sync, no jitter 
	O
	Line segmented
	Unbuffered


ADVB Synchronization Segmentation Classification Definitions
Asynchronous: 
No video timing is provided in the transmission rates.
Pixel Synchronous: 
Horizontal and Vertical timing is provided in the transmissions of the ADVB Frames of the container. An unbuffered display requires the timing provided by the transmission clock rate and the ADVB Frame receptions to provide proper timing to a display panel. Because the actual display panel typically imposes Pixel Synchronous timing constraints on the ARINC 818 transmitter, it may also be referred to as display synchronous.
Frame Buffered: 
The receiver has memory to store the video frame as it is received so it may be retrieved at a rate independent of the reception rate. The receiver does not require any special timing and can assemble the video frame and properly satisfy display timing requirements.
Buffered: 
The receiver has memory to store large portions of a video frame as it is received so it may be retrieved at a rate independent of the medium term reception rate. The receiver requires only very loose incoming timing for it to assemble the video frame and properly satisfy display timing requirements.
Line Buffered: 
The receiver has memory to store a single line, part of a line or several lines of video as it is received so it can be retrieved at a rate independent of the short term reception rate. The receiver requires loose adherence to the specific incoming timing for it to provide the video frame and satisfy the display timing requirements.
Unbuffered: 
The receiver has no memory to store any amount of video as it is received so it must be received at a rate fully dependent on the display panel requirements. The receiver requires strict adherence to the specific incoming timing for the video frame and satisfy the display timing requirement. These types of receivers require a Pixel Synchronous stream.
No Sync: 
The vertical and horizontal rates are not synchronous to a specific rate and may have a large amount of jitter.
Frame synchronous: 
The vertical rate (Frame Rate) is synchronous to a specific rate but the horizontal rate (line rate) is not at a controlled or consistent rate.
Frame synchronous with jitter: 
The vertical rate (Frame Rate) is synchronous to a specific rate with jitter but the horizontal rate (line rate) is not at a controlled or consistent rate. The average frame rate is consistent, but the short term vertical rate has jitter due to being sourced from a clock different from the transmission rate clock or possibly complex jitter due to multiple clock crossings from the source clock to the transmission clock. The line rate is determined from a clock completely independent of the source and may or may not be line segmented.


Line synchronous with jitter: 
The lines are segmented into ADVB frames (or multiples of ADVB frames) and the average line rate is consistent, but the short term rate has jitter due to being sourced form a clock different form the transmission rate clock or possibly complex jitter due to multiple clock crossings from the source clock to the transmission clock. 
Line Synchronous to External: 
Very similar to Line Synchronous with jitter. The timing of the source is line synchronous and orthogonal to an external clock that is available to both the transmitter and receiver but is not used for transmission. This external clock allows the receiver to remove the jitter. 
Line synchronous: 
The lines are segmented into ADVB frames (or multiple of ADVB frames) and the average line rate is absolute, with precisely the exact same number of serial words, idles, between each line of video.
Line synchronous with vertical (line quantity) jitter: 
Line rates are consistent, and the vertical blanking is in whole line quantities only. The vertical blanking is not in consistent whole lines from blanking period to blanking period. This results in whole line vertical jitter.
Orthogonal: 
Each video frame contains an integer multiple of line periods.
Segmentation: 
Data on ADVB is sent in units of an ADVB Frame. The ADVB frame is limited to a maximum of 2112 bytes of data payload. Quantities of data greater than 2112 bytes must be divided into multiple frames to be sent. The process of dividing up the data is Segmentation. ADVB has no rules on segmentation beyond not violating the 2112 byte maximum payload size. By far the most common and efficient segmentation process is to segment data into the largest size possible, 2112 bytes in each ADVB frame with only one ADVB frame being smaller to send any fractional remainder, and without any regard to the logical content of the data. 
No special segmenting: 
Segmenting is not on any particular logical data boundary beyond not violating the 2112 byte maximum payload limit. 
Container Header Segmented: 
The container header and all of Object 0 are segmented to be the only data sent in the first frame. The remainder of the data, Objects 1, Objects 2 and Objects 3 may be segmented without regard to the logical content of the data.


Line Segmented: 
The video objects, Objects 2 and Object 3, are segmented on boundaries that take into account the line boundaries of the video data. Line Segmenting also implies container Header Segmentation.



A1 Asynchronous, No special segmenting, Frame Buffered

Five ADVB frames, Four maximum size and one (last) sized to remainder of data

























[bookmark: _Toc169668187]Figure C-1 – Type A1 – Non-Synchronous, No Special Segmenting


A2 Asynchronous, Container Header and Object 0 Segmented, Frame Buffered

Six ADVB frames, First Frame sized to Container header and Object 0, Four maximum size, One (Last Frame) sized to remainder of data.




























[bookmark: _Toc169668188]Figure C-2 – Type A2 – Non-Synchronous, Container Header and Object 0 Segmented


A3 Asynchronous, Line Segmented, Frame Buffered

Eight ADVB frames, First Frame sized to Container Header and Object 0. The remaining seven frames are sized to the video line size.




























[bookmark: _Toc169668189]Figure C-3 – Type A3 – Non-Synchronous, Line Segmenting


B1 Frame Synchronous, No special segmenting, Buffered

Five ADVB frames, Four maximum size and one (last) sized to remainder of data 




























[bookmark: _Toc169668190]Figure C-4 – Type B1 – Frame Synchronous, No Special Segmenting


B2 Frame Synchronous, container header segmenting, Buffered

Six ADVB frames, First Frame sized to Container Header and Object 0, Four maximum size, One (Last) sized to remainder of data.



























[bookmark: _Toc169668191]Figure C-5 – Type B2 – Frame Synchronous Container Header, Segmenting


B3 Frame Synchronous, Line Segmented, Buffered

Eight ADVB frames, First Frame sized to Container Header and Object 0. The remaining seven frames are sized to the video line size.





























[bookmark: _Toc169668192]Figure C-6 – Type B3 – Frame Synchronous, Line Segmented


C1 Line Synchronous with jitter, Line Segmented, Line Buffered

Eight ADVB frames, First Frame sized to Container Header and Object 0. The remaining seven frames are sized to the video line size.





























[bookmark: _Toc169668193]Figure C-7 – Type C1 – Line Synchronous with Jitter, Line Segmented


C2 Line Synchronous, Line Segmented, Orthogonal with Horizontal jitter, whole line jitter in Vertical, Line Buffered.

Eight ADVB frames, First Frame sized to Container Header and Object 0. The remaining seven frames are sized to the video line size.

























[bookmark: _Toc169668194]Figure C-8 – Type C2 – Line Synchronous to External Clock, Line Segmented


C3 Line Synchronous to External clock, Line Segmented, Line Buffered
This classification is very similar to C1, but the jitter is removable and can be made orthogonal. The timing in the source is line synchronous and orthogonal to a clock that is available to both the transmitter and receiver but is not used for the serial transmission. 

Eight ADVB frames, First Frame is sized to Container Header and Object 0. The remaining seven frames are sized to the video line size.























[bookmark: _Toc169668195]Figure C-9 – Type C3 – Line Synchronous to External Clock, Line Segmented


D1 Pixel Synchronous, No jitter, Line Segmented, NOT ORTHOGONAL, Unbuffered

Eight ADVB frames, First Frame sized to Container Header and Object 0. The remaining seven frames are sized to the video line size.



























[bookmark: _Toc169668196]Figure C-10 – Type D1 – Line Synchronous, No Jitter, Line Segmented, Non-Orthogonal


D2 Pixel Synchronous, No Horiz jitter, Vertical jitter (line quantities), Orthogonal, Line Segmented, Unbuffered
Eight ADVB frames, First Frame sized to Container Header and Object 0. The remaining seven frames are sized to the video line size.


























[bookmark: _Toc169668197]Figure C-11 – Type D2 – Line Synchronous No Horizontal Jitter, Line Quantity Vertical Jitter, Line Segmented Orthogonal


D3 Pixel Synchronous, No jitter, Orthogonal, Line Segmented, Unbuffered

Eight ADVB frames, First Frame sized to Container Header and Object 0. The remaining seven frames are sized to the video line.


























[bookmark: _Toc169668198]Figure C-12 – Type D3 – Line Synchronous, No Jitter, Orthogonal, Line Segmented
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[bookmark: _Toc375038157]EXAMPLES
The information contained in this appendix provides examples of how the ADVB may be used in aviation applications. These are only examples and are NOT intended to represent the only way ADVB should be used. They are intended to be descriptive to aid in the understanding of ADVB. They are not definitive for presenting the only way to allocate the features.
D-1	Container Examples (Informative)
Figures D-1 and D-2 provide a couple different examples of the allocation of containers and ADVB frames to the Video Frame. 
Figure D-1 illustrates a real time example where the ADVB timing is such that updating the video frame matches the transmission rate capabilities. This is sometimes called line synchronous timing. The diagram shows how the blanking time is allocated to idles and ancillary data at the beginning of a frame. Idles have been inserted between ADVB frames such that the timing matches the timing of the native analog video format line and blanking interval timing.
The Active Image area is allocated across multiple ADVB transmission frames (example assumes line data will not fit within the 2112 byte payload). There are two ADVB frames per video line. The total video frame exists in a single container.

[bookmark: _Ref105911391][bookmark: _Toc169668199]
[bookmark: _Ref366161743]Figure D-1 – Real Time Progressive Scan ADVB Video Frame Container Example
Figure D-2 illustrates a frame buffered example where the video frame is updated at a low rate (say 20 Hz) but for smooth cursor movement, the cursor position must be changed at a faster (say 60 Hz) rate. The diagram shows how the blanking time may be allocated to idles and ancillary data at the beginning of a frame. The cursor position data would be part of the Ancillary data field. The Active Image Area is allocated across multiple ADVB transmission frames (example assumes line data will not fit within the 2112 byte payload). There are two ADVB frames per video line. The container only holds one third of the total Video Frame.



[bookmark: _Ref105911435][bookmark: _Ref150066846][bookmark: _Toc169668200]Figure D-2 – Cursor Update ADVB Video Frame Container Example


D-2	Profile Examples (Informative)
D-2.1	Monochrome Video Example
By utilizing the information contained in the Container Header (as depicted in Table D-1) in conjunction with parameter definitions provided by Object 0 (as depicted as Figure D-3), the format of Object 2 is established. In this example, a 480 X 480 monochrome source is progressively scanned at a 30 Hz frame rate with 8-bits per sample. Pixels are transmitted in sequence from left to right and top to bottom. The mapping of the pixel data to the ADVB frame payloads is depicted in Figure D-4.
[bookmark: _Ref511920470][bookmark: _Toc161642605]Table D-1 – Monochrome Container Example
	
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	Container Count
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x

	Clip ID
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x

	Container Time Stamp
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x

	Container Time Stamp
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x

	Transmission Type
	0 1 0 0   0 1 0 1
	0 0 0 0   0 0 0 1
	x x x x   x x x x
	x x x x   x x x x

	Container Type
	0 0 0 0   0 0 0 0
	0 0 0 0   0 1 0 0
	x x x x   x x x x
	0 0 0 0   0 0 0 0

	Object 0 Class
	0 1 0 1   0 0 0 0
	0 0 0 0   0 0 0 0 
	1 1 0 1   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 0 Size
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 1   0 0 0 0

	Object 0 Offset
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 1 0 1   1 0 0 0

	Object 0 Type Defined
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 1 Class
	0 1 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	1 1 0 1   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 1 Size
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 1 Offset
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 1 1 0   1 0 0 0

	Object 1 Type Defined
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 2 Class
	0 0 0 1   0 0 0 0 
	0 0 0 0   0 0 0 0
	1 1 0 1   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 2 Size
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 1 1
	1 0 0 0   0 1 0 0
	0 0 0 0   0 0 0 0

	Object 2 Offset
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 1 1 0   1 0 0 0

	Object 2 Type Defined
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 3 Class
	0 0 0 1   0 0 0 0
	0 0 0 0   0 0 0 0
	1 1 0 1   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 3 Size
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 3 Offset
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 1 1
	1 0 0 0   0 1 0 0
	0 1 1 0   1 0 0 0

	Object 3 Type Defined
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0


Note:	Entries of x = “Don’t Care”.

Object 0 Word 0
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0


480 Rows                                480 Columns			Frame Based
Object 0 Word 1
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x


Monochrome           1:1               Left to Right/	8 Bit Samples   8 Bits per pixel         Don’t Care	   Don’t Care           Don’t Care
	Top to Bottom           PTN=0
Object 0 Words 2 and 3
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


[bookmark: _Ref105918657]Defaulted to 0 (assuming no CRC or Miscellaneous Control Data)
[bookmark: _Ref366159309][bookmark: _Toc169668201]Figure D-3 – Monochrome Example – Object 0

Defaulted to 0 (No User Defined Data)

First Object 2 ADVB frame payload
Byte 0		           Byte 1		                                             Byte 1918	              Byte 1919
	Pixel 1
	Pixel 2
	•   •   •
	Pixel 1919
	Pixel 1920


Second Object 2 ADVB frame payload
	Pixel 1921
	Pixel 1922
	•   •   •
	Pixel 3839
	Pixel 3840


                      	•
Last (120th) Object 2  ADVB frame payload	•
            		•
	Pixel 228,481
	Pixel 228,482
	•   •   •
	Pixel 230, 399
	Pixel 230,400


[bookmark: _Ref105992556][bookmark: _Toc169668202]Figure D-4 – Monochrome Example – Object 2 (Video Data)
Note:	The byte numbers shown in Figure D-4 do not include the 88 bytes of Container Header or the 16 bytes of Object 0. These bytes are typically sent in a separate ADVB frame. 


D-2.2	RGB Video Example
By utilizing the information contained in the Container Header (as depicted in Figure D-5) in conjunction with parameter definitions provided by Object 0 (as depicted in Figure D-6), the format of Object 2 is established. For this example, each pixel is comprised of 24 bits, representing three subpixels (i.e., 8-bit samples of R, G, and B). The format is 512 X 512 progressively scanned at a 60 Hz frame rate. Pixels are transmitted in sequence from left to right and top to bottom. The mapping of the pixel data to the ADVB frame payloads is depicted in Figure D-7.
	

	Byte 0
	Byte 1
	Byte 2
	Byte 3

	Container Count
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x

	Clip ID
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x

	Container Time Stamp
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x

	Container Time Stamp
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x
	x x x x   x x x x

	Transmission Type
	0 1 0 0   0 1 1 1
	0 0 0 0   0 0 0 1
	x x x x   x x x x
	x x x x   x x x x

	Container Type
	0 0 0 0   0 0 0 0
	0 0 0 0   0 1 0 0
	x x x x   x x x x
	0 0 0 0   0 0 0 0

	Object 0 Class
	0 1 0 1   0 0 0 0
	0 0 0 0   0 0 0 0
	1 1 0 1   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 0 Size
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 1   0 0 0 0

	Object 0 Offset
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 1 0 1   1 0 0 0

	Object 0 Type Defined
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 1 Class
	0 1 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	1 1 0 1   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 1 Size
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 1 Offset
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 1 1 0   1 0 0 0

	Object 1 Type Defined
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 2 Class
	0 0 0 1   0 0 0 0
	0 0 0 0   0 0 0 0
	1 1 0 1   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 2 Size
	0 0 0 0   0 0 0 0
	0 0 0 0   1 1 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 2 Offset
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 1 1 0   1 0 0 0

	Object 2 Type Defined
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 3 Class
	0 0 0 1   0 0 0 0
	0 0 0 0   0 0 0 0
	1 1 0 1   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 3 Size
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0

	Object 3 Offset
	0 0 0 0   0 0 0 0
	0 0 0 0   1 1 0 0
	0 0 0 0   0 0 0 0
	0 1 1 0   1 0 0 0

	Object 3 Type Defined
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0
	0 0 0 0   0 0 0 0


Note:	Entries of x = “Don’t Care”.
[bookmark: _Ref106001960][bookmark: _Toc169668203]Figure D-5 – RGB Container Example


Object 0 Word 0
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


512 Rows                                                                                      512 Columns                                 Frame Based
Object 0 Word 1
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	x
	x
	x
	x


RGB		1:1	  Left to Right    8 Bit Samples      8 Bits per              8 Bits per                  8 Bits per           Don’t Care
			 Top to Bottom         PTN=0         Red Subpixel      Green Subpixel        Blue Subpixel
Object 0 Words 2 and 3
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Defaulted to 0 (assuming no CRC or Miscellaneous Control Data)
[bookmark: _Ref106002184][bookmark: _Toc169668204]
Figure D-6 – RGB Example – Object 0 (Ancillary Data)
	First
	ADVB  Frame
	Payload
	
	
	
	

	Byte 0
	Byte 1
	Byte 2
	
	Byte 2043
	Byte 2044
	Byte 2045

	R Subpixel 1
	G Subpixel 1
	B Subpixel 1
	•  •  •  •   •
	R Subpixel 682
	G Subpixel 682
	B Subpixel 682

	Second
	ADVB  Frame
	Payload
	
	
	
	

	Byte 0
	Byte 1
	Byte 2
	
	Byte 2043
	Byte 2044
	Byte 2045

	R Subpixel 683
	G Subpixel 683
	B Subpixel 683
	•  •  •  •   •
	R Subpixel 1364
	G subpixel 1364
	B Subpixel 1364

	
	
	
	•
•
•
•
	
	
	

	Byte 0
	Byte 1
	Byte 2
	•  •  •  •   •
	Byte 2043
	Byte 2044
	Byte 2045

	R Subpixel 261207
	G Subpixel 261207
	B Subpixel 261207
	•  •  •  •   •
	R Subpixel 261888
	G Subpixel 261888
	B Subpixel 261888

	Last (385th)
	ADVB  Frame
	Payload
	
	
	
	

	Byte 0
	Byte 1
	Byte 2
	
	Byte 2043
	Byte 2044
	Byte 2045

	R Subpixel 261889
	G Subpixel 261889
	B Subpixel 261889
	•  •  •  •   •
	R Subpixel 262144
	G Subpixel 262144
	B Subpixel 262144


[bookmark: _Ref106002244][bookmark: _Ref116955225][bookmark: _Toc169668205]Figure D-7 – RGB Example – Object 2 (Video Data)
Note:	The byte numbers shown in Figure D-7 do not include the 88 bytes of Container Header or the 16 bytes of Object 0. These bytes are typically sent in a separate ADVB frame. 
[bookmark: _Toc161642606]Table D-2 – ADVB Low Resolution Video Formats
	Format
(for reference only)
	Resolution (pixels)
	Pixel Representation
	Nominal field/frame rate (Hz)

	RS-170 Color 4:3
	640 X 480
	24 bit RGB
	60/30 Interlaced

	RS-343 4:3
	1078 X 808
	8 bit mono
	60/30 Interlaced

	SMPTE-170M (NTSC) 
	720 X 480
	16 bit 4:2:2 YCbCr
	59.94/29.97 Interlaced


D-3	Decomposition of Examples (Informative)
D-3.1	Video Frame Rate (Word 4, Byte 0) 
Table D-3 shows the applicable video frame rate field definitions from Table 3‑3. 
[bookmark: _Ref105921874][bookmark: _Toc161642607]Table D-3 – Low Resolution Video Frame Rates
	Frame rate per second
	Code

	30
	45h

	30 * 1000/1001 (29.97 NTSC)
	C5h


D-3.2	Color Information Type
Table D-4 shows the applicable Color Information type definitions from Table 3‑5.
[bookmark: _Ref105922052][bookmark: _Toc161642608]Table D-4 – Low Resolution Color Information Types

	Color Information 
	Code 

	Monochrome (Y)
	0h 

	RGB (Red, Green, Blue) 
	1h 

	YCbCr (4:2:2) 
	5h 


D-3.3	Packing Table Number
Table D-5 shows the applicable Pixel Packing definitions from Table 3‑8.
[bookmark: _Ref105922160][bookmark: _Toc161642609]Table D-5 – Low Resolution Pixel Packing
	Description 
	PTN 

	8-bit samples, 4 samples per transmission word, MSB first 
	0h 


D-3.4	Bits/Subpixel
[bookmark: _Ref105922305][bookmark: _Toc161642610]Table D-6 shows the applicable Bits per Subpixel definitions from Table 3‑9
[bookmark: _Ref366146273]Table D-6 – Bits per Subpixel
	Color Information
	Bits/Subpixel A
	Bits/Subpixel B
	Bits/Subpixel C
	Bits/Subpixel D

	Monochrome 
	Y = 0111
	X
	X
	X

	RGB 
	R = 0111
	G = 0111
	B = 0111
	X

	YCbCr (4:2:2) 
	Y = 0111
	Cb = 0111
	Cr = 0111
	X


Note:	Entries of X = ”Don’t Care”, set to 0.


D-3.5	Idle Words
If it is necessary to match the timing of the native analog video format rather than multiplex frames on a high speed bus, Idles may be inserted between ADVB frames with an appropriate tolerance as described below. Table D-7 illustrates the required values for SOF timing per video type and the applicable tolerances required to maintain video lock.
[bookmark: _Ref105921915][bookmark: _Toc161642611]Table D-7 – Idle Timing Requirements
	Video Type
	ADVB Start of Container frequency (Hz)1
	Tolerance (%)
	ADVB SOF frequency (Hz)
	Tolerance (%)

	NTSC
	29.97
	1.0
	157342
	1.0

	RS-170 RGB
	30
	1.0
	157502
	1.0

	RS-343
	30
	0.5
	262502
	0.5


Notes: 	1. Equivalent to video frame rate frequency.
	2. Equivalent to horizontal scan rate frequency.
D-4	Container Sets (Informative)
The following sections describe the packing of information for the low resolution cases within the Containers and Frames. The left column indicates the word position within the Container/Frame. Frame 0 holds the Container Header. The numbers in parenthesis in the Word column are an aid to understanding which part of the Frame, Container, and Object are represented.
D-4.1	RS-343A
RS-343A video is an interlaced, 875 total lines, monochrome video format similar to RS-170 video. Monochromaticity allows the video to be digitized in a manner that produces 8-bit 1078 X 808 (4:3 aspect ratio), 30 Hz image. Radixes for entries in the following tables are binary.
[bookmark: _Ref511920001][bookmark: _Toc161642612]Table D-8 – Frame 0 of an RS-343 4:3 ADVB Container Frame Sequence 
(Container Header + Object 0)
	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFi1
	K28.5
	D21.5
	D23.2
	D23.2

	1
	Frame Header
R_CTL  D_ID
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
CS_CTL  S_ID
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
Type F_CTL
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 Clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0000
(SEQ_CNT)
	0000 0000
(SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7 (C0)
	Container Count
	xxxx xxxx (MSB)
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx (LSB)

	8 (C1)
	Clip ID
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	9 (C2)
	Container Time Stamp
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	10 (C3)
	Container Time Stamp
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	11 (C4)
	Transmission Type
	0100 0101
(Video Frame Rate  30 Hz)
	0000 0001
(Transmission Rate)
	0000 0000
(Reserved)
	0000 0000
(Reserved)

	12 (C5)
	Container Type
	0000 0000
(Mode
Simple Mode)
	0000 0100
(Number of Objects)
	0000 0000
(Reserved)
	0000 0000
(Size of Ext. Header)

	13 (C6)
	Object 0 Class
	0101 0000
(Type, ANC)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	14 (C7)
	Object 0 Size
	0000 0000
	0000 0000
	0000 0000
	0001 0000

	15 (C8)
	Object 0 Offset
	0000 0000
	0000 0000
	0000 0000
	0101 1000

	16 (C9)
	Object 0 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	17 (C10)
	Object 1 Class
	0100 0000
(Type, Audio)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	18 (C11)
	Object 1 Size
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	19 (C12)
	Object 1 Offset
	0000 0000
	0000 0000
	0000 0000
	0110 1000

	20 (C13)
	Object 1 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	21 (C14)
	Object 2 Class
	0001 0000
(Type, Video F1)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	22 (C15)
	Object 2 Size
	0000 0000
	0000 0110
	1001 0011
	0110 0000

	23 (C16)
	Object 2 Offset
	0000 0000
	0000 0000
	0000 0000
	0110 1000

	24 (C17)
	Object 2 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	25 (C18)
	Object 3 Class
	0001 0000
(Type, Video F2)
	0000 0000
(Link Pointer)
	1101 0000
(Index)
	0000 0000
(Index)

	26 (C19)
	Object 3 Size
	0000 0000
	0000 0110
	1001 0011
	0110 0000

	27 (C20)
	Object 3 Offset
	0000 0000
	0000 0110
	1001 0011
	1100 1000

	28 (C21)
	Object 3 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	29 (A0)
	Ancillary Data
	0000 1100
	1010 0000
	0100 0011
	0110 1000

	30 (A1)
	Ancillary Data
	0000 0000
	0000 0000
	0111 0000
	0000 0000

	31 (A2)
	User Defined Data
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	32 (A3)
	User Defined Data
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	33
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	34
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6


[bookmark: _Toc161642613]


Table D-9 – Frame 1 of an RS-343 4:3 ADVB Container Frame Sequence 
(Object 2 – Odd)
	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 Clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0000
(SEQ_CNT)
	0000 0001
(SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (Y0)
	Data (Y1)
	Data (Y2)
	Data (Y3)

	--
	..
	..
	..
	..
	..

	274
	Payload
	Data (Y1068)
	Data (Y1069)
	Data (Y1070)
	Data (Y1071)

	275
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	276
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6


[bookmark: _Toc161642614]
Table D-10 – Frame 404 of an RS-343 4:3 ADVB Container Frame Sequence 
(Object 2 – Odd)

	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 Clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0001  (SEQ_CNT)
	1001 0100 (SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (Y0)
	Data (Y1)
	Data (Y2)
	Data (Y3)

	--
	..
	..
	..
	..
	..

	274
	Payload
	Data (Y1068)
	Data (Y1069)
	Data (Y1070)
	Data (Y1071)

	275
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	276
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6


[bookmark: _Toc161642615]


Table D-11 – Frame 405 of an RS-343 4:3 ADVB Container Frame Sequence 
(Object 3 – Even)
	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 Clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0001  (SEQ_CNT)
	1001 0101 (SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (Y0)
	Data (Y1)
	Data (Y2)
	Data (Y3)

	--
	..
	..
	..
	..
	..

	274
	Payload
	Data (Y1068)
	Data (Y1069)
	Data (Y1070)
	Data (Y1071)

	275
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	276
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6


[bookmark: _Toc161642616]
Table D-12 – Frame 808 of an RS-343 4:3 ADVB Container Frame Sequence 
(Object 3 – Even)
	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 1000
(Bit 19 Set)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0011 (SEQ_CNT)
	0010 1000
(SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (Y0)
	Data (Y1)
	Data (Y2)
	Data (Y3)

	--
	..
	..
	..
	..
	..

	274
	Payload
	Data (Y1068)
	Data (Y1069)
	Data (Y1070)
	Data (Y1071)

	275
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	276
	EOFt
	K28.5
	D21.x
	D21.3
	D21.3





D-4.2	NTSC
NTSC video meeting SMPTE-170M and is an interlaced, color video signal. Digitized output is shown here as 16-bit 4:2:2 YUV data, 720 X 480, 29.97 Hz. 
NTSC ADVB frame information is framed similar to that shown for RS-343A with appropriate adjustments in the frame rate, Object size, offsets and Ancillary video identification data.
Note:	Color space conversion will be in accordance with ITU Recommendation ITU-R BT.601.5.
Note:	Monochrome sources may use this sequence by setting all Cr and Cb components of the payload to mid-level (80H). The Luminance (Y) portion of the source would be transmitted without modification.
Radixes for entries in the following tables are Binary.
[bookmark: _Toc161642617]Table D-13 – Frame 0 of an NTSC 4:3 ADVB Container Frame Sequence 
(Container Header + Object 0)
	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFi1
	K28.5
	D21.5
	D23.2
	D23.2

	1
	Frame Header
R_CTL  D_ID
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
CS_CTL  S_ID
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
Type F_CTL
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 Clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0000
(SEQ_CNT)
	0000 0000
(SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7 (C0)
	Container Count
	xxxx xxxx
(MSB)
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx
(LSB)

	8 (C1)
	Clip ID
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	9 (C2)
	Container Time Stamp
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	10 (C3)
	Container Time Stamp
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	11 (C4)
	Transmission Type
	1100 0101
(Video Frame Rate  29.97)
	0000 0001
(Transmission Rate)
	0000 0000
(Reserved)
	0000 0000
(Reserved)

	12 (C5)
	Container Type
	0000 0000
(Mode
Simple Mode)
	0000 0100
(Number of Objects)
	0000 0000
(Reserved)
	0000 0000
(Size of Ext. Header)

	13 (C6)
	Object 0 Class
	0101 0000
(Type, ANC)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	14 (C7)
	Object 0 Size
	0000 0000
	0000 0000
	0000 0000
	0001 0000

	15 (C8)
	Object 0 Offset
	0000 0000
	0000 0000
	0000 0000
	0101 1000

	16 (C9)
	Object 0 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	17 (C10)
	Object 1 Class
	0100 0000
(Type, Audio)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	18 (C11)
	Object 1 Size
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	19 (C12)
	Object 1 Offset
	0000 0000
	0000 0000
	0000 0000
	0110 1000

	20 (C13)
	Object 1 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	21 (C14)
	Object 2 Class
	0001 0000
(Type, Video)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	22 (C15)
	Object 2 Size
	0000 0000
	0000 0101
	0100 0110
	0000 0000

	23 (C16)
	Object 2 Offset
	0000 0000
	0000 0000
	0000 0000
	0110 1000

	24 (C17)
	Object 2 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	25 (C18)
	Object 3 Class
	0001 0000
(Type, Video)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	26 (C19)
	Object 3 Size
	0000 0000
	0000 0101
	0100 0110
	0000 0000

	27 (C20)
	Object 3 Offset
	0000 0000
	0000 0101
	0100 0110
	0110 1000

	28 (C21)
	Object 3 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	29 (A0)
	Ancillary Data
	0000 0111
	1000 0000
	0010 1101
	0000 1000

	30 (A1)
	Ancillary Data
	0101 0001
	0000 0000
	0111 0111
	0111 0000

	31 (A2)
	User Defined Data
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	32 (A3)
	User Defined Data
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	33
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	34
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6


[bookmark: _Ref125451215][bookmark: _Toc161642618]


Table D-14 – Frame 1 of an NTSC 4:3 ADVB Container Frame Sequence 
(Object 2 – Odd)
	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 Clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0000
(SEQ_CNT)
	0000 0001
(SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (Cb0)
	Data (Y0)
	Data (Cr0)
	Data (Y1)

	8
	Payload
	Data (Cb2)
	Data (Y2)
	Data (Cr2)
	Data (Y3)

	--
	..
	..
	..
	..
	..

	366
	Payload
	Data (Cb718)
	Data (Y718)
	Data (Cr718)
	Data (Y719)

	367
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	368
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6


[bookmark: _Toc161642619]
Table D-15 – Frame 240 of an NTSC 4:3 ADVB Container Frame Sequence 
(Object 2 – Odd)
	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 Clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0001
(SEQ_CNT)
	1010 0100 (SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (Cb0)
	Data (Y0)
	Data (Cr0)
	Data (Y1)

	8
	Payload
	Data (Cb2)
	Data (Y2)
	Data (Cr2)
	Data (Y3)

	--
	..
	..
	..
	..
	..

	366
	Payload
	Data (Cb718)
	Data (Y718)
	Data (Cr718)
	Data (Y719)

	367
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	368
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6
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Table D-16 – Frame 241 of an NTSC 4:3 ADVB Container Frame Sequence 
(Object 3 – Even)
	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 Clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0001
(SEQ_CNT)
	1010 0101 (SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (Cb0)
	Data (Y0)
	Data (Cr0)
	Data (Y1)

	8
	Payload
	Data (Cb2)
	Data (Y2)
	Data (Cr2)
	Data (Y3)

	--
	..
	..
	..
	..
	..

	366
	Payload
	Data (Cb718)
	Data (Y718)
	Data (Cr718)
	Data (Y719)

	367
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	368
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6


[bookmark: _Toc161642621]
Table D-17 – Frame 480 of an NTSC 4:3 ADVB Container Frame Sequence 
(Object 3 – Even)

	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 1000
(Bit 19 Set)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0001 (SEQ_CNT)
	1110 0000  (SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (Cb0)
	Data (Y0)
	Data (Cr0)
	Data (Y1)

	8
	Payload
	Data (Cb2)
	Data (Y2)
	Data (Cr2)
	Data (Y3)

	--
	..
	..
	..
	..
	..

	366
	Payload
	Data (Cb718)
	Data (Y718)
	Data (Cr718)
	Data (Y719)

	367
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	368
	EOFt
	K28.5
	D21.x
	D21.3
	D21.3





D-4.3	RS-170 RGB
RS-170 RGB is an interlaced video with three separate color signals, one each for Red, Green, and Blue. RS170 RGB will be sampled as a 4:3 aspect ratio signals 8 bit per color RGB, 640 X 480, 30 Hz, image data.
[bookmark: _Toc161642622]Table D-18 – Frame 0 of an RS-170 RGB 4:3 ADVB Container Frame Sequence 
(Container Header + Object 0)
	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFi1
	K28.5
	D21.5
	D23.2
	D23.2

	1
	Frame Header
R_CTL  D_ID
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
CS_CTL  S_ID
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
Type F_CTL
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 Clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0000
(SEQ_CNT)
	0000 0000
(SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7 (C0)
	Container Count
	xxxx xxxx (MSB)
	xxxx xxxx
	xxxx xxxx
	xxxx xxxx (LSB)

	8 (C1)
	Clip ID
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	9 (C2)
	Container Time Stamp
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	10 (C3)
	Container Time Stamp
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	11 (C4)
	Transmission Type
	0100 0101
(Video Frame Rate  30 Hz)
	0000 0001
(Transmission Rate)
	0000 0000
(Reserved)
	0000 0000
(Reserved)

	12 (C5)
	Container Type
	0000 0000
(Mode
Simple Mode)
	0000 0100
(Number of Objects)
	0000 0000
(Reserved)
	0000 0000
(Size of Ext. Header)

	13 (C6)
	Object 0 Class
	0101 0000
(Type, ANC)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	14 (C7)
	Object 0 Size
	0000 0000
	0000 0000
	0000 0000
	0001 0000

	15 (C8)
	Object 0 Offset
	0000 0000
	0000 0000
	0000 0000
	0101 1000

	16 (C9)
	Object 0 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	17 (C10)
	Object 1 Class
	0100 0000
(Type, Audio)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	18 (C11)
	Object 1 Size
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	19 (C12)
	Object 1 Offset
	0000 0000
	0000 0000
	0000 0000
	0110 1000

	20 (C13)
	Object 1 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	21 (C14)
	Object 2 Class
	0001 0000
(Type, Video)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	22 (C15)
	Object 2 Size
	0000 0000
	0000 0111
	0000 1000
	0000 0000

	23 (C16)
	Object 2 Offset
	0000 0000
	0000 0000
	0000 0000
	0110 1000

	24 (C17)
	Object 2 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	25 (C18)
	Object 3 Class
	0001 0000
(Type, Video)
	0000 0000
(Link Pointer)
	1101 0000
(SPDV Index)
	0000 0000
(SPDV Index)

	26 (C19)
	Object 3 Size
	0000 0000
	0000 0111
	0000 1000
	0000 0000

	27 (C20)
	Object 3 Offset
	0000 0000
	0000 0111
	0000 1000
	0110 1000

	28 (C21)
	Object 3 Object Type Defined
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	29 (A0)
	Ancillary Data
	0000 0111
	1000 0000
	0010 1000
	0000 1000

	30 (A1)
	Ancillary Data
	0001 0000
	0000 0000
	0111 0111
	0111 0000

	31 (A2)
	User Defined Data
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	32 (A3)
	User Defined Data
	0000 0000
	0000 0000
	0000 0000
	0000 0000

	33
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	34
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6


[bookmark: _Toc161642623]Table D-19 – Frame 1 of an RS-170 RGB 4:3 ADVB Container Frame Sequence 
(Object 2 – Odd)

	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0000
(SEQ_CNT)
	0000 0001
(SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (R0)
	Data (G0)
	Data (B0)
	Data (R1)

	8
	Payload
	Data (G1)
	Data (B1)
	Data (R2)
	Data (G2)

	9
	Payload
	Data (B2)
	Data (R3)
	Data (G3)
	Data (B3)

	10
	Payload
	Data (R4)
	Data (G4)
	Data (B4)
	Data (R5)

	--
	..
	..
	..
	..
	..

	486
	Payload
	Data (B638)
	Data (R639)
	Data (G639)
	Data (B639)

	487
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	488
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6


[bookmark: _Toc161642624]Table D-20 – Frame 240 of an RS-170 RGB 4:3 ADVB Container Frame Sequence 
(Object 2 – Odd)
	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0000 
(SEQ_CNT)
	 1111 0000 (SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (R0)
	Data (G0)
	Data (B0)
	Data (R1)

	8
	Payload
	Data (G1)
	Data (B1)
	Data (R2)
	Data (G2)

	9
	Payload
	Data (B2)
	Data (R3)
	Data (G3)
	Data (B3)

	10
	Payload
	Data (R4)
	Data (G4)
	Data (B4)
	Data (R5)

	--
	..
	..
	..
	..
	..

	486
	Payload
	Data (B638)
	Data (R639)
	Data (G639)
	Data (B639)

	487
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	488
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6


[bookmark: _Ref366149441][bookmark: _Toc161642625]Table D-21 – Frame 241 of an RS-170 RGB 4:3 ADVB Container Frame Sequence 
(Object 3 – Even)

	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 0000
(Bit 19 clear)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0000
(SEQ_CNT)
	1111 0001 (SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (R0)
	Data (G0)
	Data (B0)
	Data (R1)

	8
	Payload
	Data (G1)
	Data (B1)
	Data (R2)
	Data (G2)

	9
	Payload
	Data (B2)
	Data (R3)
	Data (G3)
	Data (B3)

	10
	Payload
	Data (R4)
	Data (G4)
	Data (B4)
	Data (R5)

	--
	..
	..
	..
	..
	..

	486
	Payload
	Data (B638)
	Data (R639)
	Data (G639)
	Data (B639)

	487
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	488
	EOFn
	K28.5
	D21.x
	D21.6
	D21.6
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[bookmark: _Ref364175923]Table D-22 – Frame 480 of an RS-170 RGB 4:3 ADVB Container Frame Sequence 
(Object 3 – Even)

	Word
	Identifier
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	0
	SOFn1
	K28.5
	D21.5
	D23.1
	D23.1

	1
	Frame Header
	0100 0100
	0000 0000
	0000 0000
	xxxx xxxx

	2
	Frame Header
	0000 0000
(Reserved)
	0000 0000
	0000 0000
	xxxx xxxx

	3
	Frame Header
	0110 0001
(Type ADVB)
	0011 1000
(Bit 19 Set)
	0000 000x
	0000 x0xx

	4
	Frame Header
	xxxx xxxx
(SEQ_ID)
	0000 0000
(DF_CTL)
	0000 0001 (SEQ_CNT)
	1110 0000  (SEQ_CNT)

	5
	Frame Header
	1111 1111
(OX_ID)
	1111 1111
(OX_ID)
	1111 1111
(RX_ID)
	1111 1111
(RX_ID)

	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (R0)
	Data (G0)
	Data (B0)
	Data (R1)

	8
	Payload
	Data (G1)
	Data (B1)
	Data (R2)
	Data (G2)

	9
	Payload
	Data (B2)
	Data (R3)
	Data (G3)
	Data (B3)

	10
	Payload
	Data (R4)
	Data (G4)
	Data (B4)
	Data (R5)

	--
	..
	..
	..
	..
	..

	486
	Payload
	Data (B638)
	Data (R639)
	Data (G639)
	Data (B639)

	487
	CRC
	Byte 0 (MSB)
	Byte 1
	Byte 2
	Byte 3 (LSB)

	488
	EOFt
	K28.5
	D21.x
	D21.3
	D21.3
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[bookmark: _Toc375038158]Computation of Prior image CRC
For ADVB, the calculation of a prior image CRC requires:
The CRC calculation method is the same as that for ADVB frames. This method is the same as Fibre Channel, refer to Annex A of ANSI INCITS 373-2003, Fibre Channel – Framing and Signaling (FC-FS) for a description and an example of the computation.
The CRC calculation will operate only on the image payload of the Object 2 and 3.
For interlaced video, the Object 2 and Object 3 will be fed to the CRC calculator sequentially.
For partial images in an ADVB container, the CRC pertains only to the partial image payload of that container.
The CRC transmitted in an ADVB container always pertains to an image transmitted in the previous ADVB container.
In addition to the above, the standard requires that the CRC calculator operates on pixel data precisely as it is represented on the ADVB link. Although the ADVB data organization may be easily visible to hardware based CRC calculators, it may be obscured from software based CRC computation. The ADVB data organization can deviate from the pixel data available to software in a number of ways including:
Byte order changes
Truncated or un-transmitted bits
Packing of pixel data
Padding of zeros for some pixel sizes
The software computation will need to take extra steps to account for these factors. ADVB is organized into 32-bit words, and when pixels of various sizes are packed for ADVB, 32-bit words may contain partial pixels and may have been padded with zeros (Figure 3-6 - Bit and Byte Packing, the bit and byte packing table of this standard, shows how this occurs for various pixel component sizes). Since the CRC calculation steps include a transposing of bits for each byte, it is important to take this pixel packing into account. The ICD for the ADVB link will need to be consulted to determine the required extra steps.
The following example is presented in order to demonstrate considerations with software CRC computation for a test image to be transmitted on an ADVB link. The software computation for the test image can be made well in advance of ADVB transmission and will result in the same CRC as a hardware based calculator operating on the data in real time. For simplicity, this example uses an 8x6 pixel image with vertical lines of 1 pixel width.


[image: crc_example_enlarged]
Figure E-1 – ADVB Transmission Test Image
The pixel data for the above image is: 
FFFFFF 222222 AA0000 00BB00 0000CC AA00CC AABB00 00BBCC 
FFFFFF 222222 AA0000 00BB00 0000CC AA00CC AABB00 00BBCC
FFFFFF 222222 AA0000 00BB00 0000CC AA00CC AABB00 00BBCC
FFFFFF 222222 AA0000 00BB00 0000CC AA00CC AABB00 00BBCC 
FFFFFF 222222 AA0000 00BB00 0000CC AA00CC AABB00 00BBCC
FFFFFF 222222 AA0000 00BB00 0000CC AA00CC AABB00 00BBCC  
Note:	Pixel data is in hex and is arrayed into the 8x6 pixels of 24 bits per pixel).
In this example, the pixel packing on the ADVB is the same as that shown in the example from Appendix D Table D-22.
	6
	Frame Header
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)
	xxxx xxxx
(PARAMETER)

	7
	Payload
	Data (R0)
	Data (G0)
	Data (B0)
	Data (R1)

	8
	Payload
	Data (G1)
	Data (B1)
	Data (R2)
	Data (G2)

	9
	Payload
	Data (B2)
	Data (R3)
	Data (G3)
	Data (B3)

	10
	Payload
	Data (R4)
	Data (G4)
	Data (B4)
	Data (R5)

	--
	..
	..
	..
	..
	..

	486
	Payload
	Data (B638)
	Data (R639)
	Data (G639)
	Data (B639)


Figure E-2 – Example from Table D-22 – Frame 480 of an RS-170 RGB 4:3 ADVB Container Frame Sequence (Object 3 – Even)
The figure above shows the byte order of pixel components. (R0, G0, B0, R1, G1, etc.) and software may need to reverse the sub-pixel ordering prior to computation.
This is the case where the software computation is beginning with a bitmap source file. The data for the example image as viewed in the bitmap file is:
42 4D C6 00 00 00 00 00-00 00 36 00 00 00 28 00 
00 00 08 00 00 00 06 00-00 00 01 00 18 00 00 00 
00 00 90 00 00 00 00 00-00 00 00 00 00 00 00 00 
00 00 00 00 00 00 FF FF-FF 22 22 22 00 00 AA 00 
BB 00 CC 00 00 CC 00 AA-00 BB AA CC BB 00 FF FF 
FF 22 22 22 00 00 AA 00-BB 00 CC 00 00 CC 00 AA 
00 BB AA CC BB 00 FF FF-FF 22 22 22 00 00 AA 00 
BB 00 CC 00 00 CC 00 AA-00 BB AA CC BB 00 FF FF 
FF 22 22 22 00 00 AA 00-BB 00 CC 00 00 CC 00 AA 
00 BB AA CC BB 00 FF FF-FF 22 22 22 00 00 AA 00 
BB 00 CC 00 00 CC 00 AA-00 BB AA CC BB 00 FF FF 
FF 22 22 22 00 00 AA 00-BB 00 CC 00 00 CC 00 AA 
00 BB AA CC BB 00
In this file, the ordering of the color sub-pixels is BGR, whereas the ADVB hardware will order the sub pixels as RGB.


The correct data set for the CRC computation, organized as 32-bit words is then:
FFFFFF22
2222AA00
0000BB00
0000CCAA
00CCAABB
0000BBCC 
FFFFFF22
2222AA00
0000BB00
0000CCAA
00CCAABB
0000BBCC
FFFFFF22
2222AA00
0000BB00
0000CCAA
00CCAABB
0000BBCC
FFFFFF22
2222AA00
0000BB00
0000CCAA
00CCAABB
0000BBCC 
FFFFFF22
2222AA00
0000BB00
0000CCAA
00CCAABB
0000BBCC
FFFFFF22
2222AA00
0000BB00
0000CCAA
00CCAABB
0000BBCC  
The above data set represents the correct entries for a CRC calculator operating on 32-bit words. For calculators operating on bytes, each byte would be fed into the calculator beginning with the MS byte (which is transmitted first on the ADVB) as follows:
FF,FF,FF,22,22,22,AA,00,00,00,BB,00 ... etc. 
In addition to the above, Fibre Channel requires additional steps in the CRC computation that are often overlooked.
First, the bits of each byte must be transposed to reflect the transmission order on the serial link, which is LSB first.
Note:	This step may not be required in hardware calculators, depending on the implementation.
Performing this step gives:
FFFFFF44
44445500
0000DD00
00003355
003355DD
0000DD33
FFFFFF44
44445500
0000DD00
00003355
003355DD
0000DD33
FFFFFF44
44445500
0000DD00
00003355
003355DD
0000DD33
FFFFFF44
44445500
0000DD00
00003355
003355DD
0000DD33
FFFFFF44
44445500
0000DD00
00003355
003355DD
0000DD33
FFFFFF44
44445500
0000DD00
00003355
003355DD
0000DD33
Second, Fibre Channel performs a one’s compliment on the first 32-bit word of the data (this is due to the seed for the CRC). Performing this step gives:
000000BB
44445500
0000DD00
.
.
.
After performing these initial steps, the data is divided by the Fibre Channel polynomial (Hex: 104C11DB7) to produce the remainder:
0x9FAB1FD0
However, two remaining steps are required to arrive at the correct CRC for Fibre Channel:
1. The bits of each byte must be transposed.
A one’s compliment must be applied to the 32-bit value.
Transposing bits gives:
0xF9D5F80B
And the final one’s compliment gives the correct image CRC for this data set, which is: 
0x062A07F4 
Note:	The byte order is the same as that used for the ADVB frame CRC.


Software computation must also take into account any truncated bits on the ADVB. As an example, consider the case where the pixel data transmitted on the ADVB is 16-bit 5:6:5 color and the hardware truncates the LSBs prior to transmission on the ADVB.
The 5:6:5 pixel data for the above example image would be:
FFFF 2104 A800 05C0 0019 A819 ADC0 05D9 
FFFF 2104 A800 05C0 0019 A819 ADC0 05D9
FFFF 2104 A800 05C0 0019 A819 ADC0 05D9
FFFF 2104 A800 05C0 0019 A819 ADC0 05D9 
FFFF 2104 A800 05C0 0019 A819 ADC0 05D9
FFFF 2104 A800 05C0 0019 A819 ADC0 05D9 
The correct data set for the CRC calculator would then be:
FFFF2104
A80005C0
0019A819
ADC005D9
FFFF2104
A80005C0
0019A819
ADC005D9
FFFF2104
A80005C0
0019A819
ADC005D9
FFFF2104
A80005C0
0019A819
ADC005D9
FFFF2104
A80005C0
0019A819
ADC005D9
FFFF2104
A80005C0
0019A819
ADC005D9
Following the additional steps described above will result in the correct image CRC for the 5:6:5 image as:
0x040B717D
As a final consideration, software computation should take into account any padding of pixel data needed to complete 32-bit words transmitted on the ADVB. An example of this is in the second entry of the bit and byte packing table Figure 3-6 - Bit and Byte Packing of this standard.
	Byte 0
	Byte 1
	Byte 2
	Byte 3
	PTN

	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0
	

	MSB     Component 0          LSB
	MSB        Component 1        LSB
	MSB    Component 2  LSB
	MSB Component 3 LSB
	0h

	0
	0
	MSB              Component 0             LSB
	MSB              Component 1             LSB
	MSB     Component 2     LSB
	1h


Figure E-3 – Example from Figure 3-6 – Bit and Byte Packing


For 10-bit components (PTN=1), the 32-bit words must be padded with two zeros in the MSBs. (In contrast the 8-bit pixel components for PTN=0 require no need for padding). The additional zeros required for the 10-bit components must be included in the CRC computation.
The above examples are presented for reference only and are intended to demonstrate extra steps needed for the software calculation of the Prior Image CRC. Hardware calculators will not require these extra steps since they are likely to operate on data that has already been packed.

Data Rate (Mbps)
débit(Mbaud)	VGA
SVGA
XGA
WXGA
1280x960
SXGA
SXGA+
WSXGA
UXGA
1792x1344
1856x1392
1920x1440

307200	480000	786432	983040	1228800	1310720	1470000	1764000	1920000	2408448	2583552	2764800	618.66	926.27599999999995	1508.144	1864.32	2330.4	2485.7600000000002	2785.125	3336.375000000005	3633	4533.2879999999996	4844.8396000000002	5223.6000000000004	Pixel Number
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