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Abstract

This paper provides guidelines for application developers to follow so that digital video editing applications can interface with IEEE 1394 and USB digital video devices. For the most part, bus differences are hidden from the application. Where differences were unavoidable, this paper describes the mechanisms and interfaces that will allow the application to discover and compensate for the bus-specific implementations.

This information applies for the following operating systems:


Microsoft® Windows® XP

Microsoft Windows Server™ 2003

Microsoft Windows Vista™
The current version of this paper is maintained on the Web at: 
http://www.microsoft.com/whdc/
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Introduction

This paper provides guidelines for application developers to follow so that digital video (DV) editing applications can interface with the IEEE 1394 and universal serial bus (USB) DV devices. For the most part, bus differences are hidden from the application. Where differences were unavoidable, this paper describes the mechanisms and interfaces that will allow the application to discover and compensate for the bus-specific implementations.

1.1 Overview

The standard DV format has an actual data rate of about 25 megabits per second (Mbps). At the time of its introduction in 1995, only the IEEE 1394 serial bus had the bandwidth to perform such high speed data transfer from a DV device to a host system. High speed USB, introduced in 2002, extended the USB bandwidth to match IEEE 1394, making it possible to transfer DV data over the USB bus. In 2003, the option of using high speed USB for commercial DV Devices came one step close to reality with the ratification of the USB Video Class (UVC) 1.0 Specification by the USB Device Working Group (DWG) (www.usb.org). The USB Video Class specification includes a DV format definition and transport control protocol. Many Consumer Electronics (CE) companies are committed to producing DV devices based on these USB/UVC specifications and USB Video Class compliant DV devices are expected in the retail market in 2004.

In this white paper, the MSDV class driver for DV devices over the IEEE 1394 serial bus is called “MSDV/1394,” and the USB Video Class driver over the USB serial bus is called “UVC/USB.”

Microsoft has had DV class driver support for IEEE 1394-based DV devices since Microsoft® Windows® 98 SE. DV editing applications have been developed to work with certain standard interfaces exposed by this class driver. The goal was to allow the existing applications to work with the new USB Video Class devices with no knowledge that the underlying bus is longer the IEEE 1394 bus. However, during the development of the UVC/USB driver, we realized that there were several differences in the implementation of these interfaces between UVC/USB and MSDV/1394 warranting a white paper explaining these differences to independent software vendors (ISVs).  

1.2 Operating Support and Release Schedule

Table 1 shows the release histories of the MSDV/1394 and UVC/USB class drivers. The MSDV/1394 driver was first released with Windows 98 SE while the UVC/USB driver was first released as a Quick Fix Engineering (QFE) solution for Microsoft Windows XP Service Pack 1 (SP1).

Table 1. Release History of MSDV/1394 and UVC/USB

	Year
	OS Release
	MSDV/1394
	Comments
	UVC/USB
	Comments

	1998
	Windows 98
	N/A
	
	N/A
	

	1999
	Windows 98 SE
	Y
	Debut (DVSD)
	N/A
	

	2000
	Windows 2000
	Y
	
	N/A
	

	2001
	Windows Me
	Y
	
	N/A
	

	2002
	Windows XP
	Y
	Add DVSL
	N
	

	2003
	Windows XP SP1 QFE 828756
	N/A
	
	Y
	Debut for Windows XP SP1 (DVSD)

	2004
	Windows XP SP2
	Y
	Add DVCPRO 50 and 100 (HD)
	Y
	

	TBD
	Microsoft Windows Vista™
	Y
	
	Y
	


2 Key Components

The key components of an application that deals with a digital video device:

· Stream format selection.

· Device control.

· Topology and mode of operation.

This section of the white paper discusses each component, and points out similarities and differences in the behavior of UVC/USB devices and MSDV/1394 devices on all fronts associated with each component.

2.1 Stream Formats and Selection

MSDV/1394 and UVC/USB drivers can output two different DV formats:

· Video-only. 

· Interleaved audio and video (IAV). 

Both formats contain the same IAV payload data from a DV device, but the video-only format is marked without the audio data. The video-only format is used by Video-for-Windows (VfW) applications; the IAV format is used by DV editing applications. 

The Microsoft MSDV/1394 driver supports Video-only format and IAV format on different output pins, and only IAV format on its input pin. The Microsoft UVC/USB driver supports both the Video-Only and IAV formats on the same pin. 

An application uses the IAMStreamConfig interface to choose its intended format on a pin. An application can programmatically select the intended format on the first output pin. If it does not find the intended format on the first output pin, it should try the other output pin. This way the format selection code can be unaware of differing driver implementations (UVC/USB or MSDV/1394). 

In the Graph Editor program (Graphedt.exe), a property page whereby a user selects the IAV format is currently not available. Consequently, when Graphedt.exe is used with a UVC/USB DV device, the user must apply a custom solution to facilitate the selection of the IAV format. The custom solution is to add the Microsoft DirectShow® “DVSplitter” filter, and then render the output pin of the UVC/USB proxy filter. There is no need to implement this custom solution for the MSDV/1394 proxy filter because it has separate video-only and IAV output pins. 

Note  The default DV format for the UVC/USB proxy filter is video-only since that is the first supported format on the capture pin.

2.2 Device Control

There are several standard device control interfaces that work across MSDV/1394 and UVC/USB devices uniformly. The use of these standard interfaces is preferred over the use of bus-specific interfaces like raw AV/C commands, which are not supported by the UVC driver. This section of the white paper lists the standard interfaces, and the level of compatibility in the implementation of these interfaces between UVC/USB and MSDV/1394. 

There are two cases where an independent software vendor (ISV) will need to write application code that is bus-dependent:

· Tape Location Search: UVC/USB devices support search through standardized Kernel Streaming (KS) properties whereas MSDV/1394 devices require that search commands be issued as Raw AV/C commands. 

· Device Mode: MSDV/1394 devices report their mode by calling the IAMExtDevice::GetCapability(ED_DEVCAP_DEVICE_TYPE,…) function. This method does not work for USB Video Class devices which require that the application parse the device topology using the IKsTopologyInfo and ISelector interfaces to determine the current mode accurately. To learn more about this case, see the code sample in “Appendix A” later in this white paper. 

2.2.1 IAMExtDevice Interface

This interface is available for both MSDV/1394 and UVC/USB DV devices. An application can query the base filter for this interface. The behavior of the get_DevicePort method is different between MSDV/1394 and UVC/USB. 

An application can call the get_DevicePort method of this interface to acquire the bus type of the target DV device that is used to connect to the host. Its response can be one of the following values:

· DEV_PORT_1394

· DEV_PORT_USB

An application can use the value for bus-dependent functions.

The IAMExtDevice::GetCapability function called with an input parameter equal to ED_DEVCAP_DEVICE_TYPE is used to determine the device mode, and this behaves in a bus-dependent manner. The MSDV/1394 driver reports the device mode as “Camera” or “VCR” accurately, whereas the UVC/USB driver does not report the mode accurately. This discrepancy occurs because a USB Video Class device may support both Camera and VCR functions at the same time without requiring device reenumeration—unlike an MSDV/1394 device which requires reenumeration to switch modes. To determine the mode of a UVC device, the application should parse the topology of the device with the IKsTopologyInfo and ISelector interfaces. For more information about dealing with device topologies and device modes, see the code sample in “Appendix A” later in this white paper.

2.2.2 IAMExtTransport Interface

This interface is available for both MSDV/1394 and UVC/USB devices, but with minor differences depending upon the underlying bus. An application can query the base filter or the “Media Transport Terminal” node (obtained through IKsTopologyInfo::CreateNodeInstance) for this interface. If such a node is not available, the applications can use the filter interface as before. 

For more information about working with node interfaces, see “Appendix A” later in this white paper.

2.2.3 Tape Location Search 

An application may want to search to a specific location on a DV tape which uses contiguous absolute track number (ATN) as the marker for sequential access of a tape. DV Devices support an ATN search control command to search to a specific tape location. This command may take several minutes to complete. 

MSDV/1394—The MSDV/1394 driver does not support a standard, device-independent way to access the Search function on the device. Hence, to access the Search function on a DV Device with the MSDV/1394 driver, the application calls the raw AV/C method of IAMExtTransport::GetTransportBasicParameters — with the command string length and a pointer to the buffer of command string as input parameters. Upon command completion, the return code, the response string, and the string length are returned to the caller. The caller will then need to interpret the result. The implementation of a raw AVC command is a synchronous operation. An application can interrupt the search by issuing a call to IAMExtTransport::put_mode() with ED_MODE_FREEZE or ED_MODE_STOP as input parameters. 

UVC/USB—The UVC/USB driver supports a standard, device-independent way to access the ATN and Timecode Search functions on a DV device through well defined Kernel Streaming (KS) properties. Unlike the MSDV/1394 driver it does not support raw AVC commands. 

Since there is no specialized COM API to access the Search function, the application must use the IKsControl interface to access the KS Properties associated with ATN and Timecode Search. The important parameters to be used are described below:

ATN Search: 

Property Set: PROPSETID_EXT_TRANSPORT

PropertyId: KSPROPERTY_ATN_SEARCH

The dwAbsTrackNumber parameter of this property should contain the track number and the continuity bit coded as follows: dwFrames = (track_number << 1) + continuity. The manner in which the device uses the continuity bit is not specified by UVC.

Timecode Search: 

Property Set: PROPSETID_EXT_TRANSPORT

PropertyId: KSPROPERTY_TIMECODE_SEARCH

The Timecode field of the property structure should contain the frame, second, minute and hour values.

2.2.4 Current Signal Format

An application can use the GetTransportBasicParameters method to query the current input and output signal formats of the device. It can query the current input signal with ED_TRANSBASIC_INPUT_SIGNAL input parameter and the current output signal format with ED_TRANSBASIC_OUTPUT_SIGNAL input parameter. 

· MSDV/1394—The driver maps this request to its corresponding AV/C command to the target device. 

· UVC/USB—The preferred way to obtain the device format is to query the appropriate pin for the IAMStreamConfig interface, and then find the current format using IAMStreamConfig::GetFormat. If a legacy application calls the function GetTransportBasicParameters with ED_TRANSBASIC_INPUT_SIGNAL or ED_TRANSBASIC_OUTPUT_SIGNAL as input parameter, UVC/USB devices will return unknown format in most cases. 

2.2.5 IAMTimecodeReader

This interface is available for both MSDV/1394 and UVC/USB and the behavior is the same for both drivers. An application can query the base filter for this interface. 

2.2.6 IKsControl Interface

When a specialized COM interface (like IAMCameraControl or IAMExtTransport) is unavailable for some device functions (like ATN Search on MSDV/1394 devices), the ISV may need to access driver properties directly. In such cases, it is preferable to use the COM API IKsControl rather than the Microsoft Win32® DeviceIoControl function. This is because IKsControl, being a COM interface, is more extensible to future programming API than the lower-level DeviceIoControl function call. Further, the use of the IKsControl COM API leads to some code savings for the ISV, and frees up the application from the management of device handles. The IKsControl interface can be obtained by querying the base filter in DirectShow.

2.2.7 Device Extensions

UVC/USB devices are allowed to expose extended functionality through the use of Extension Units. Extension Units are exposed to applications as COM APIs through user-mode plug-ins that are provided by the independent hardware vendor (IHV). The user-mode plug-ins should use the IKsControl COM API to talk to the extension unit property set on the device driver.

2.3 Topology and Mode of Operation

Determining and selecting the mode of operation (Camera or VCR) is achieved differently for MSDV/1394 devices and UVC/USB devices.

MSDV/1394 devices expose different device modes through hardware switches, and the current mode is exposed to the application through IAMExtDevice::GetCapability. For example, to move from camera mode to tape mode one must flip a hardware switch, at which time the device is reset, and then reenumeration for the new mode occurs. The application calls IAMExtDevice::GetCapability(ED_DEVCAP_DEVICE_TYPE,…) to determine the current mode of the device. MSDV/1394 does not offer a method for the application to programmatically select the mode of the device.

UVC/USB devices expose different device modes through hardware switches as well as device topologies. The device topology is exposed to the application through the COM APIs IKsTopologyInfo and ISelector, and the state of the topology is synchronized with the state of the hardware switch. To determine the current mode of the device, the application must walk the topology of the device from the capture output pin, up to an input terminal using these APIs. The mode of the device is determined by the type of the input terminal associated with the output pin being streamed from. 

UVC/USB improves on MSDV/1394 because it offers a method for the application to programmatically select the mode (topology) of the device through the ISelector interface. Since both modes are encapsulated in the same device representation, changing the mode does not require reenumeration of the device.

For more information on how to determine the operating mode of a UVC/USB device, see the code sample within “Appendix A” later in this white paper.

2.3.1 ISelector Interface

The ISelector interface works for both UVC/USB and MSDV/1394 drivers, though not all devices support it. The application should always query for ISelector, and use it when available. ISelector is supported by Microsoft Windows XP Service Pack 1 (SP1) and subsequent releases of the Windows operating system.

The ISelector interface is used to select between tape and camera functionality on the device. Some of the current devices have a so called “network” mode, and when connected to the host in this overall mode, the ISelector interface can be used to switch the device between camera and tape modes. The ISelector interface is available on the selector node within the Kernel Streaming (KS) filter.

When an application manages a device with an ISelector interface, it needs to deal with these scenarios carefully:

· A call to put_SourceNode may fail. This error case must be handled gracefully since there may be devices that provide a read-only Selector node.

· Device mode selection could occur through a hardware switch even though the ISelector interface is supported. In such cases, the application must listen to notifications from the driver, or poll the device, to find the current mode.

Important  

The application state must be synchronized with the device state under all situations.

2.3.2 IKsTopologyInfo Interface

The IKsTopologyInfo interface works for UVC/USB and MSDV/1394 drivers, and behavior is identical in UVC/USB and MSDV/1394 drivers. The IKsTopologyInfo interface is supported by Windows XP SP1 and subsequent releases of the Windows operating system. Applications should query the base filter for this interface. The IKsTopologyInfo interface allows the application to determine device topology, and to get node interfaces. For example, IKsTopologyInfo can be used to enumerate all nodes within a filter, find the selector node, create a node instance associated with the selector node, and obtain the ISelector interface from that node instance.

2.4 Beyond DV

In general, the information provided in this white paper about DV device control applies to MPEG-2 based devices (for example, MPEG-2 camcorders) too.

3 UVC Improvements

When compared to the existing MSDV/1394 driver, the UVC/USB driver, based on the USB Video Class (UVC) Specification 1.0, introduces several new features and improvements. 

· USB 2.0 is more common than IEEE 1394. Consequently, UVC devices are likely to be very popular. 

· UVC provides the capability to control device mode programmatically without the use of hardware switches.

· UVC provides a better notification mechanism to inform the application of any state changes in the device.

· Use of a standard Kernel Streaming (KS) property for searching based on an absolute track number (ATN) or Timecode.

· The UVC/USB driver makes it easier to work with devices that support multiple units of the same kind—for example, multiple camera units or multiple tape terminals. Consequently, the UVC/USB driver simplifies the process of supporting scenarios like tape to tape transfer on a device with two tape units, or to stream from two camera or tape units at the same time.

4 Recommendation and Summary

· Do not use raw AV/C commands except to search with an absolute track number (ATN) or Timecode on MSDV/1394 devices. You should use standard API for all other purposes. 

· UVC/USB devices are a new device class that soon will be available in large numbers. In order to support these devices and maintain future compatibility between UVC/USB devices and applications, independent software vendors (ISVs) are encouraged to modify their applications according to the guidelines in this white paper. 

· For Microsoft Windows XP Service Pack 2 (SP2) and later, trick-play modes are equally supported by MSDV/1394 and UVC/USB drivers through a standard interface.

5 Appendix A: Code Sample and Device Topology Overview

Appendix A contains a schematic portrayal of a typical USB Video Class digital video (DV) device, as well as a code sample that illustrates the use of the IKsTopologyInfo and ISelector interfaces to determine the mode of a USB Video Class device.

5.1 Device Topology

Figure 1 shows one possible implementation of a USB Video Camcorder. The camcorder topology includes two selector units, which can be programmed to support either a modal or modeless camcorder.


[image: image1]
5.2 Programming UVC to Change Operating Mode

The following code sample walks the topology of a UVC/USB device from the first capture (output) pin on the filter up to the corresponding input terminal. The type of input terminal determines the mode of the device for the capture output pin. IKsTopologyInfo and ISelector are new interfaces that will be published in the Microsoft DirectX® 9.2 Software Development Kit (SDK) within vidcap.h and vidcap.idl. The GUIDs that represent the new node types and categories are available in ksmedia.h.

The code sample unambiguously determines the source (input terminal) of a capture stream by walking the topology. This is possible in most cases because of restrictions imposed on the topology of a device by the USB Video Class. Section 2.3 of the USB Video Class 1.0 Specification states that:

A single Output Pin can be connected to one or more Input Pins (fan-out allowed). However, a single Input Pin can only be connected to one Output Pin (fan-in disallowed). Loops or cycles within the graph topology are not allowed.
The uniqueness of section 2.3 will not hold if there are Extension Units with multiple input pins in the path between the output pin and the input terminal, but this scenario is usually not the case.

//---------------------------------------------------------------

//

//  Microsoft Windows

//

//  Copyright © Microsoft Corporation. All rights reserved.

//

//---------------------------------------------------------------

//

// Description: Returns true if the capture pin of the filter passed in

// parameter is connected to the VCR node (KSNODETYPE_VIDEO_INPUT_MTT)

//

HRESULT 

IsStreamSourceVCR(

IBaseFilter* pFilter, 

UINT nCapturePinIndex, // corresponds to IPin::QueryId 

bool* pbIsVCRSelected)

{

//


// the mode of the device corresponding to a capture pin


// depends on the input terminal that is upstream from the given capture 


// pin. If the terminal is INPUT_MTT, then the stream is being sourced 

// from a VCR

//


return IsPinIndexConnectedToNodeType(





pFilter,





nCapturePinIndex,





KSNODETYPE_VIDEO_INPUT_MTT,





pbIsConnected);

}

// this type specifies whether an entity is a filter pin, or node

enum ELEMENT_TYPE {FilterPin, Node};

//

// Description: Returns true if there is a node of type guidNodeType that is 

// upstream of the input pin index.

//

HRESULT 

IsPinIndexConnectedToNodeType(


IBaseFilter* pFilter,

UINT nPinPindex, 

REFGUID guidNodeType, 

bool* pbConnected)

{

    RTN_HR_IF_BADPTR(pbConnected);

    UINT nCurNodeOrPinIndex = nPinPindex;

    ELEMENT_TYPE elementType = FilterPin;


IKsTopologyInfo *pIKsTopologyInfo;


RTN_HR_IF_FAILED(pFilter->QueryInterface(







__uuidof(IKsTopologyInfo),







(void **) &pIKsTopologyInfo));

    *pbConnected = false;

    // Walk up the nodes to see which upnode is connected to the INPUT 

    // TERMINAL (capture pin)

    do

    {

          // This gets the node or the pin upstream of nCurNodeOrPinIndex.

          GUID guidCurrentNodeType = GUID_NULL;

          RTN_HR_IF_FAILED(GetUpstreamNodeOrPinOf(









pIKsTopologyInfo,

                              elementType, 

                              nCurNodeOrPinIndex, 

                              &elementType, 

                              &nCurNodeOrPinIndex, 

                              guidCurrentNodeType));

          // Did we find our node ID ?

          *pbConnected =  (TRUE == IsEqualGUID(

                                     guidCurrentNodeType, 

                                     guidNodeType));

    }

    while ((elementType != FilterPin) && (!*pbConnected));      

    // We stop if we found it, or if we reach a FilterPin

    return S_OK;

}

//

// Description: GetUpstreamNodeOf returns the ID of the node that is upstream 

// of a given pin or node. The filter itself is considered a special type of 

// node whose ID is KSFILTER_NODE

//

// pUpstreamNodeOrPinIndex – contains the ID of the upstream entity. If the 

// upstream entity is a node then it contains the node ID, and if the 

// upstream entity is the filter, then it contains the pinID.

// 

// Assumption: We assume that a node which is not a selector

// node has only one input pin.

//

HRESULT 

GetUpstreamNodeOrPinOf(


IKsTopologyInfo *pIKsTopologyInfo,

ELEMENT_TYPE elementType, 

UINT nNodeOrPinIndex, 

ELEMENT_TYPE* pUpstreamElementType, 

UINT* pnUpstreamNodeOrPinIndex, 

GUID& guidNodeType)

{

    RTN_HR_IF_BADPTR(m_pIKsTopologyInfo);

    RTN_HR_IF_BADPTR(pUpstreamElementType);

    RTN_HR_IF_BADPTR(pnUpstreamNodeOrPinIndex);


RTN_HR_IF_FAILED(pIKsTopologyInfo->get_NodeType(

                       nNodeOrPinIndex, 

                       &guidNodeType));

    bool bFound = false;

    // Check if this is a selector node

    if ((elementType == Node) && 

        (TRUE == IsEqualGUID(

                   guidNodeType, 

                   KSNODETYPE_VIDEO_SELECTOR)))

    {

          // It is a selector node, we can get the upstream node 

          // directly using get_SourceNodeID

          CComPtr<ISelector> spSelector;

          RTN_HR_IF_FAILED(pIKsTopologyInfo->CreateNodeInstance(

                                nNodeOrPinIndex, 

                                __uuidof(spSelector), 

                                reinterpret_cast<void **>(&spSelector)));

          DWORD dwUpStreamNodeId = -1;

          RTN_HR_IF_FAILED(spSelector->get_SourceNodeId(

                             &dwUpStreamNodeId));

          *pnUpstreamNodeOrPinIndex = (UINT) dwUpStreamNodeId;

          *pUpstreamElementType = Node;

          bFound = true;

    }

    else

    {

         // It is not a selector node, we look through the 

         // array of connections

         DWORD dwNumConnection = 0;

         RTN_HR_IF_FAILED(pIKsTopologyInfo->get_NumConnections(

                            &dwNumConnection));

         DWORD dwIndex = 0;

         KSTOPOLOGY_CONNECTION ksTopoConnection;

         while ((dwIndex < dwNumConnection) && (!bFound))

         {

              RTN_HR_IF_FAILED(pIKsTopologyInfo->get_ConnectionInfo(

                                  dwIndex, 

                                  &ksTopoConnection));

              // Two options: either we look for something upstream of a 

              // filter pin (1st condition in the if statement)

              // OR  

              // we look for something upstream of a node

              if (((elementType == FilterPin) && 

                   (ksTopoConnection.ToNodePin == nNodeOrPinIndex) &&

                   (ksTopoConnection.ToNode == KSFILTER_NODE)) ||

                  ((elementType == Node) && 

                   (ksTopoConnection.ToNode == nNodeOrPinIndex)))

              {

                    bFound = true;

                    if (ksTopoConnection.FromNode == KSFILTER_NODE)

                    {

                          *pUpstreamElementType = FilterPin;

                          *pnUpstreamNodeOrPinIndex = 

                             ksTopoConnection.FromNodePin;

                    }

                    else

                    {

                          *pUpstreamElementType = Node;

                          *pnUpstreamNodeOrPinIndex = 

                            ksTopoConnection.FromNode;

                    }

                  }

              dwIndex++;

        }

    }

    RTN_HR_IF_FALSE(bFound);      

    // If we could not find an upstream node, this is a failure.

    return S_OK;

}

6 References

Resources

USB Video Class Specifications

http://www.usb.org/developers/devclass_docs#approved
AV/C Specifications

Members of the 1394 Trade Association can obtain the relevant 1394 AV/C Specifications at http://www.1394ta.org
Microsoft DirectX 9.2 SDK documentation and samples

See Vidcap.h and Vidcap.idl

Microsoft Hardware and Driver Central 

Go to http://www.microsoft.com/whdc/default.mspx for Microsoft Windows Driver Development Kits [DDK], Windows Hardware Compatibility Test [HCT] Kits, and Windows Logo Program requirements













Figure 1. USB Video Camcorder topology
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