VRmUsbCam API v2 v2.9.1.1 r.j
© VRmagic GmbH 2012 oanso A 4
VRmagic

VRmMUshCam API v2

IMPORTANT NOTE: Thisdocumentation assumesthereader to be an experienced software
developer who isfamiliar with state-of-the-art development platfor ms!
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1 Overview

The VRmUsbCam API v2 offers fast and easy accesetyRmagic cameras and analog video
converters. Main functionality of this interfacefiame grabbing and device configuration. Supported
host controllers depend on device type.

1.1.1 Streaming

Streaming devices require USB 2.0 (EHCI) host ailetrs.

e VRmMC-3+(i)(/BW)
*  VRmC-4(/BW)
*  VRmMC-4+(/BW)

*« VRmMC-8
*  VRmMC-8 with one external VRmMS-8 sensor
*« VRmMC-8+

*  VRmMC-9/BW

*  VRmMC-9 with one external VRmS-9 sensor

*  VRmMC-9+/BW

*  VRmMC-12(/BW)

«  VRmMC-12(/BW) with one external VRmMS-12 sensor
«  VRmMC-12(/BW) with one external VRmS-12 sensor
*  VRmMC-12+(/BW)

*  VRmMC-14(/BW)

«  VRmMC-14(/BW) with one external VRmS-14 sensor
* VRmMAVC-1

* VRmMAVC-1+S

* VRmMAVC-1+l

1.1.2 Smart

Smart devices support USB 1.x (UHCI/OHCI) and USB (&EHCI) host controllers.

*  VRmMFC-22(/BW)

*  VRmMFC-42(/BW)

«  VRMMFC with VRmMMSAZ2 frontend for up 4 external VRn8ML2 sensors
«  VRmMMFC with VRMMSAREL frontend for up to 2 RE serso

1.1.3 Intelligent

Intelligent devices support a local interface om dlevices itself and support streaming over Etherne
using TCP and UDP.

* VRmDC-8

*  VRmMDC-9/BW

*  VRmMDC-12(/BW)

*  VRmMDC-12(/BW) with one external VRmS-12 sensor
*  VRmMDC-14(/BW)

*  VRmMDC-14(/BW) with one external VRmS-14 sensor
*  VRmMDFC-22(/BW)
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«  VRmMDFC-42(/BW)
«  VRmMDMFC with VRmMSAZ2 frontend for up 4 external VR#SC12 sensors
*  VRmMDC-X-E camera with one external sensor board
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2 VRmMmUsbCam C API v2

2.1 Project Handling

The most convenient way is to includenusbcam2.h  and link againstrmusbcam2.lib

In Microsoft Visual C++ you might use the followisteps:

* In“Linker - Input- Additional Dependencies”, add “vrmusbcam?2.lib”

* In*“Linker - General- Additional Library Directories”, add the path
“<InstallDir>\VRmUsbCam Library\lib”, where <Inst@ir> is the installation folder of the
VRmagic USB Camera Development Kit, usually “C:gem Files\VRmagic”.

* In*“C/C++- General- Additional Include Directories”, add the path
“<InstallDir>\VRmUsbCam Library\include”, where <dtallDir> is the installation folder of
the VRmagic USB Camera Development Kit, usuall\Rgogram Files\VRmagic”.

2.2 Error Handling

Every API function offers a return value of typRmRetVal to indicate success or failure. If a
function returns/RM_FAILED you can us&RmUsbCamGetLastError()  to get an error description
as C string. In order to obtain customer suppoutiy@y also decide to enable the built-in logging
features of the library by callingRmUsbCamEnableLogging() . It is hot recommended to use the
logging feature in other situations.

2.3 Device Management

Two basic steps are required:

» Device Scan
Before you are able to use a camera device youtbawmstruct the library to scan the USB
bus for VRmagic devices usi?dRmUsbCamUpdateDeviceKeyList() . After this you can
useVRmUsbCamGetDeviceKeyListSize() and
VRmUsbCamGetDeviceKeyListEntry() to get avRmDeviceKey for each device found.
After usage the key has to be freed by usiRgnhUsbCamFreeDeviceKey().

« Open/Close Device
VRmUsbCamDeviceis a handle to any single device. Wg&amUsbCamOpenDevice() with
aVRmDeviceKey returned byvRmUsbCamGetDeviceKeyListEntry() to get a valid
handle for a specific device. If this action iss&sful you can use the handle until you close
it by usingvRmUsbCamCloseDevice()
Note: You can only open devices that are not busy (chmedbusy of VRmDeviceKey) .
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24 ImageHandling

The API supports multiple color format¢RmColorFormat ) and image modifier flags
(VRmImageModifier ). VRmIimageFormat combines size (width and height), color format hitd
combination of image modifier flags. T®&mImageis a struct built of & RmimageFormat struct,
an image buffer, pitch and a time stamp.

In addition,VRmUsbCamGetFrameCounter() can be used to obtain a frame counter for images
originated by the frame grabber API.

Images can be created using one of the followingtfans:

*  VRmUsbhCamNewlmage()
allocates a new image of the given format

*  VRmUshCamCopylmage()
creates a new image as a copy of an existing image.

¢ VRmUsbCamCroplmage()
creates an image referring a rectangular secti@m @Xxisting image. Note that the returned
image is only valid as long as the image it oritggdafrom remains valid.

* VRmUsbCamSetimage()
creates a container for an existing image repreddnyt a format and a buffer.

Images obtained by one of these functions have fioded by usingyRmUsbCamFreelmage() .

A variety of color formats is supported:
* ARGB color format (32 bits/pixel)
* BGR color format (24 bits/pixel)
* RGB565 color format (16 bits/pixel)
* GRAYS8 format (8 bits/pixel)
* YUYV color format (16 bits / 2 pixel)
* GRAY10 format (16 bits/pixel) (S)
» BAYERS color format (8 bits/pixel) (S)
* BAYERZ1O0 color format (16 bits/pixel) (S)
In addition, also compressed image formats exist:
* GRAYS8/RLE (S)
GRAYS8 format (8 bits/pixel), byte-wise lossless R{dee below)
* BGR/RLE (S)
BGR color format (24 bits/pixel), byte-wise lossSdRLE (see below)

Note: Formats marked by (S) can only act as source fsrfgevice raw formats) and will never be
used as a conversion target format!

VRmUsbCamConvertimage() copies the contents of the source to the targag@nwhile converting
each pixel to the target image format. Please thaitethe target image format must be one of the
formats returned fror@rRmUsbCamGetTargetFormatListSize[/Entry]() , With the source
format given as first parameter. Arbitrarily creatiyour ownvrmimageFormat target format will
probably result in an error when callil@mUsbCamConvertimage() . The only parameters that you
may safely change on an existing image formatteeeémage format modifiers
VRM_HORIZONTAL_MIRROREMdVRM_VERTICAL_MIRRORED

Note: Additionally you can get §Rmimage from the frame grabber API (see
VRmUsbCamLockNextimage() ) and apply the active converter Properties
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(VRM_PROPID_CONVERTER) #tisingVRmUsbCamGetTargetFormatListSize[/Entry]Ex()
functions to create thérmimageFormat target format.

Note: Conversions of source images of any “Bayer” Colariat can be accomplished by using a
fast Low-Quality conversion or a slower High-Qugalitonversion. Default is Low-Quality, to enable
High-Quality use th&RM_PROPID_CONVERTER_BAYER_H®@rBperty.

Standard (rectangular) Image Format

By default, image data in memory is organized regidar. The number of bytes belonging to one
single image pixel thereby depends on the colanédrin use.

The image data buffer that is pointed to byrtipe buffer member ofVRmimage stores each line of
the image linearly, typically interrupted by padglinytes between them. The resulting line length (al
data bytes + padding bytes) are referred to asamiach.

So, offset #0 in the image data buffer storesitiselfyte of the top-left pixel of the image.

Note: The top-left edge of the image data buffer magifobm the “physically top-left” edge of the
image, this is indicated by the image modifiéR HORI ZONTAL_M RRORED and
VRM VERTI CAL_M RRORED.

Finding the data belonging to a pixel with coordésa(x,y) is easy: the corresponding byte offset in
the image data buffer evaluategxttpixeldepth+y*pitch) wherepixeldepthis determined from the
image’s color format byRmUsbCamGetPixelDepthFromColorFormat()

Note: The interlaced full-frame source formats of VRmAV&id VRmFAVC-1, as indicated by the
VRM_INTERLACED_FRAME image format modifier are oigad slightly different: the upper half
of the image refers to the first field and the lowalf to the second field.

Run-Length-Encoding (RLE) Format

RLE source formats are only available for smarteas (VRmMFC-x) with GRAY8 or BGR24 source
formats. They are indicated by ti@M_RUN_LENGTH_ENCODEHEIage modifier flag set.

The byte-wise lossless RLE compression is perfornyetthe device, not by the host computer, thus it
aids in reducing transfer data-rate and enabldgehigame rates for suitable types of images.

Note: The RLE compression algorithm in use is not guaaghto produce less data than the
uncompressed raw image consists of. Given a totaluat of N data bytes, the resulting RLE image
may grow up to 2*N+2 data bytes. On the other handniformly colored image can be reduced to a
total of 2*(N/255+1)+2 data bytes.

In general, images with extensive uniformly coloaedas will result in good compression, whereas
inhomogeneous images will more likely result ifatéd data. The correction filter LUT is applied
before the compression takes place, so one cabladelevel, contrast or gamma settings to
maximize compression gain.

The RLE compressed data is grouped into byte pdjt9, starting from offset #0 in the image data
buffer. Pitch information is ignored, so byte paire stored linearly without interruption until a
special EOF (end-of-frame) marker.

Each byte pair consists of a “value” V and a “lénigiformation” L (humber of repetitions of value
V). The meaning of the value V depends on the dolonat in use.
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This data stream is finally terminated by a EOFkeabyte pair (V,L), with L set to 0 (zero). In shi
case, V determines RLE compression status. A w&l0gzero) means success, all other values
indicate an error.

Note: The total amount of data bytes, including the ECGIfkar can be retrieved from
VRmUsbCantGet | mageBuf f er Si ze() .

25 Frame Grabber

The VRmUsbCam library can grab continuous images fthe camera devices. The grabbing process
is started by th#RmUsbCamStart() function and stopped ByRmUsbCamStop(). Use
VRmUsbCamLockNextlimage() to access an image from the internal image queng ljuffer). After

you are done with processing the locked image hae to us& RmUsbCamUnlockNextimage() to

free the resources again.

The size of the internal ring buffer determines hoany images can maximally be locked at a time. It
is a property of the camewRM_PROPID_GRAB_HOST_RINGBUFFER_SIZE (see section 2.7). The
Smart devices additionally offer a ring buffer twe device the size of which can be modified using
VRM_PROPID_GRAB_DEVICE_RINGBUFFER_SIZE. |

A simple flow chart shows the basic process of giradoone image at a time:

VRmUsbCamStart

v

VRmUsbCamLockNextimage

A

convert

image? yes—» VRmUsbCamConvertimage

no
v

Display or analyse this |
image

yes

A

VRmUsbCamUnlockNextimage

read
more?

no
v

VRmUsbCamStop

When grabbing, it is possible for the USB tran&fem the device to stall. The result is that one or
more images will be dropped and the transfer imresd automatically. The library provides the
fp_frames_dropped parameter of th#RmUsbCamLockNextimage() function to find out about
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such an event. Each image obtained/BynUsbCamLockNextimage() has a time stamp given in
milliseconds n_time_stamp ) and a frame counteYRmUsbCamGetFrameCounter ) which includes
dropped frames and dropped triggers events.

This extract from the source code of the DirectD@w+ Demo Application further clarifies the
process:

/I prepare image format for locked ddraw surface.

VRmImageFormat target_format;

if ('VRmUsbCamGetTargetFormatListEntryEx(device,0,&tar get_format))
LogExit();

/I start grabber at first
if ('"WVRmUsbhCamStart(device))
LogExit();

/I and enter the loop
while  (!g_quit)
{

/I'lock the DirectDraw off-screen buffer to output the image to the screen.
/I The screen_buffer_pitch variable will receive th e pitch (byte size of
/I one line) of the buffer.

VRMDWORD screen_buffer_pitch;

VRMBYTE* p_screen_buffer=DDrawLockBuffer(screen_b uffer_pitch);

/I now, wrap a VRmImage around the locked screen bu ffer to receive the converted image
VRmImage* p_target_img=0;
VRmUsbCamSetimage(&p_target_img,target_format,p_ screen_buffer,screen_buffer_pitch);

I lock next (raw) image for read access, convert i t to the desired

/I format and unlock it again, so that grabbing can

/l'go on

VRmImage* p_source_img=0;
VRmBOOL frames_dropped,;

if ('VRmUsbCamLockNextimage(device,&p_source_img,&fram es_dropped))
LogExit();

if ('VRmUsbCamConvertimage(p_source_img,p_target_img))
LogExit();

if ('VRmUsbCamuUnlockNextimage(device,&p_source_img))
LogExit();

/I see, if we had to drop some frames due to data t ransfer stalls. if so,

/I output a message
if (frames_dropped)
cout << "- frame(s) dropped -" << endl;

/I free the resources of the target image
if ('VRmUsbCamFreelmage(&p_target_img))
LogExit();
/I give the off-screen buffer back to DirectDraw
DDrawUnlockBuffer(p_screen_buffer);

/I and update the screen
DDrawUpdate();

}

/I stop grabber

if ('VRmUsbCamsStop(device))
LogExit();

All devices support multiple source (“raw”) imagerhats. Use
VRmUsbCamGetSourceFormatListSize() andVRmUsbCamGetSourceFormatListEntry() to
retrieve the list of these formats. UgemUsbCamSetSourceFormatindex()  to activate one of
them while the grabber is not running.

While for some applications it may be sufficienpr@cess source images of the device, in most cases
you will need to convert them to a well-known cdi@mat. This can be achieved by using the image
conversion features of the API.
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The functionsVyRmUsbCamGetTargetFormatListSize() and
VRmUsbCamGetTargetFormatListEntry/() provide access to the list of image formats tivemi

source format can be converted to. Image conversitiren performed by
VRmUsbCamConvertimage() .

Supported target image formats:
0: ARGB color format

1: BGR color format

2: RGB565 format

3: grayscale format

4: YUYV color format

Note: When using theRmUsbCamGetTargetFormatListSize[/Entry]Ex() functions the order
of target image formats depends onW®M_PROPID_CONVERTER_PREFER_GRAY_OUTPUT_B
Property.

2.6 Trigger Functions

Trigger functionality provides the ability to cookthe point of time of image exposure. There & t
kinds of trigger signals a camera will accept:

e Soft Trigger
VRmUsbCamSoftTrigger() triggers image exposure as fast as possible (thisreguire a
firmware update, please contact VRmagic Supportiébails). Soft trigger can be used to
synchronize several cameras without external wiring

* External Trigger
Here, image exposure is triggered in dependenseroé external electrical signal. This is
only supported by cameras with a correspondingeateonnector.

Not all devices support trigger functions. In ortiesee which trigger modes are available refé¢ihdo
VRM_PROPID_GRAB_MODEPEoperty for available options. To enable oneathltrigger modes set
the Property to the corresponding value.

The external trigger function can be configuredeaige” or “level” triggered with different polarés
using thevRM_PROPID_CAM_STROBE_POLARITYPEoperty.

2.7 Configuration Settings (Properties)

Various parameters can be changed to control egecaof the device. Popular examples are
“Exposure Time” or “Pixel Clock”. With v2.6.0.0,¢lVRmUsbCam API offers a consistent way of
controlling these: the Property Interface. In poer versions of the API usage of structs like
VRmSettingsl , VrmSettings2 etc. had been necessary to get similar resultc@impatibility’s
sake this is still possible, thougle strongly advise to use the advanced methoditleddnere since
cross-device usage of code is somewhat encumbéren using the older scheme).

First of all, the Property Interface is capabldigiing all parameters that the current device susp-
along with a short description, a default value @mtionally) a range of allowable values. It also
provides functions for setting or retrieving indiual parameters.

A “Property” consists of an identifier (e. gRM_PROPID_CAM_EXPOSURE_TIME),Ra short
description (e. g. “Exposure Time [ms]”), inforn@tiabout possible modification (i. e. if the prdger
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is writeable or read-only), the current value, dieault value, and value range (i. e. informatibowd
minimum and maximum values). Some Properties aldloide a step-value, indicating the smallest
possible modification of the value. Step-valueh®f Exposure Time Property for example is 0.1 [ms],
which of course means that the smallest possiblgifroation of exposure time is 0.1 ms.

Using the various information of a Property alldeseasy handling. For example, changing the
Exposure Time to 25ms can easily be implementethis@xtract from the C++ demo application
shows:

float value=25.f;
if  ('VRmUsbCamSetPropertyValueF(device, VRM_PROPID_CAM_ EXPOSURE_TIME_F,&value))
LogExit();

Properties come with different types of parameteasameter types are indicated in the identifier of
the Property. There are integral types of pararaditarfloat (thus, the identifier for the Exposure
Time Property isVRM_PROPID_CAM_EXPOSURE_TIME; Rote the “ F"), boolean(*_B"), or
integer(“_1 ") values as well as more complex types N@mPointl(“_POINT_I "), VRmRectl
(“_RECT_I"), or VRmSize(“_SIZE_I| "). The set of supported parameter types can bedauthe
VRmPropType enumeration, included in the API headerfienfusbcam2.h ”.

Every parameter type is addressed by a correspgifdgiiction.IntegerProperties (“1 ), for
example, can be modified by a functdRmUsbCamSetPropertyValuel() , Whereas #oat
Property would needRmUsbCamSetPropertyValueF()  ; again, the last character indicates the
Property type.

A special parameter type is tBaum(“_E”) type. Properties featuring this parameter typenot
include values of a certain range or of numeridiyudnstead, their value will be symbolic. Thilke
Property identified byyRM_PROPID_CAM_VIDEO_STANDARDf& example, can only have
VRM_PROPID_CAM_VIDEO_STANDARD_R#IVRM_PROPID_CAM_VIDEO_STANDARD_NTg&Ovalid
values.

The ,name*” of a specific Property is representedsidentifier (such as
VRM_PROPID_CAM_EXPOSURE_TIMB. Note that the prefixYRM_PROPID” is specific to the C

API and that it will be different in COM or .NET @nonments (see the relevant chapter below). A list
of property identifiers is given in théRmPropld enumeration included in the headerfile called
“vrmusbcam2props.h "

Using the property identifier you can easily call the current value of a specific Property. Agdiis
is illustrated by an example found in the C++ deapplication:

float value;
if  ('VRmUsbCamGetPropertyValueF(device, V\RM_PROPID_CAM_ EXPOSURE_TIME_F,&value))
LogExit();

As you will see YRmUsbCamGetPropertyValue<x>() is the function used, witkix> of course
indicating the parameter type. In order to get gpg-independent Property information use
VRmUsbCamGetPropertylnfo() . This will provide a struct calledRmPropinfo containing the
Property’s id string, type, description and writieaftag. If you want to find out about the type-
dependent information of a given Property, you msgVRmUsbCamGetPropertyAttribs<x>()
These will include default, min, max and step-value

Note: Not every device will support all possible Propes{as they are given in the headerfile)!

An easy way to find out about the supported Priggedf your device is to use the tool called
XmlDevicelnfdncluded in this distributioh It will be accessible via the start menu

! The .NET frameworks needs to be installed in otderseXmlDevicelnfo

-10 -
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“VRmagic>VRmUsbCam Library» XmlIDevicelnfo (VB.NET)” and generate a list of alipported
Properties of a device connected to the compuksapported by the VRmUsbCam API. In case of
multiple devices found, only Properties of thetfase being captured.

A similar tool is also included as C++ (democ++deinfo) demonstrating the use of following C API
calls:VRmUsbCamGetPropertyListSize() , VRmUsbCamGetPropertyListEntry() ,
VRmUsbCamGetPropertySupported() , andvRmUsbCamGetPropertyInfo()

Almost all settings (current Property values) carldaded from and saved to non-volatile memory on
the device usingRmUsbCamLoadConfig() andVRmUsbCamSaveConfig() respectively. Naturally,
the read-only Properties are excluded from loading.

UsingVRmUsbCamSaveConfig() , you can create up to 9 different configuratiatistinguished by a
so-calledConfiguration Id The first two Ids O and 1 are reserved, wheres@ma “factory defaults”
and 1 means “user defaults”. Please note that gonat overwrite the factory defaults.

At startup, the user defaults will be loaded autibcady.

Once some specific configuration is no longer ndedsevVRmUsbCambDeleteConfig()  to remove

it and release the memory occupied.

It is also possible to assign a custom descrigbagach configuration, see Property
VRM_PROPID_GRAB_CONFIG_DESCRIPTION_S

With API version 2.6.1.0, the VRmUsbCam C API aiddlially provides you with a convenient way
to configure the device by a graphical user intff¢hat is already known as an integral part of the
VRmagic CamLab application and the VRmUsbCamDS @agbource (see chapter 4).

The headerfilevVrmusbcam2win32.h " defines the functions necessary to do so:
VRmUsbCamCreateDevicePropertyPage() andVRmUsbCambDestroyDevicePropertyPage()

2.8 Callbacks

It is possible to register various callback hookdtipns at the VRmUsbCam API that will be called
when certain events occur.

Currently there are two groups of callbacks:
e Static Callbacks (VRmUsbCam global)

seeVRmUsbCamRegisterStaticCallback() and
VRmUsbCamuUnregisterStaticCallback()

* Device Callbacks (related to a specific VRmUsbCaewite)

seeVRmUsbCamRegisterDeviceCallback() and
VRmUsbhCamUnregisterDeviceCallback()

TheVRmStaticCallbackType andVRmbDeviceCallbackType = enumerations list all event types
that can be registered for, respectively. Please that you must register a certain callback fuomcti
only once.

The static callbacks require a running GUI loop, usage of the Win32 functiot&tMessage()
andDispatchMessage() , meanwhile the device callbacks are called symabusly from within
VRmUsbCam API calls.

2.9 Use Data

In certain circumstances it may be convenientacesspecific data not related to the device’s
operation as such (e. g. device location, maintem@nocedures, pictures etc.) on the device itFelf.

2 Currently only supported on Microsoft Windows

-11 -
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address this need, every VRmUsbCam device offerstiance to store any such data in its non-
volatile memory.
Within VRmUsbCam C API, this feature is accesshydour distinct functions:

¢ VRmUsbCamLoadUserData() andVRmUsbCamSaveUserData() are used to load data from
or store data to the device’s non-volatile memoggpectively.

¢ VRmUsbCamNewUserData() andVRmUsbCamFreeUserData() are addressing the host’s
own memory management, (un)creating data needdatiddoad and store functions.

Only one unit of user data (i. e. one file) carstmred to any device at a time. Furthermore, memory
space is limited. Older devices offer free usecep# roughly 1KB, whereas current devices push the
limit to around 25 KB. In order to find out abouotdl memory and free memory (for user data, that is
call for the read-only Properti®RkM_PROPID_DEVICE_NV_MEM_TOTALOr
VRM_PROPID_DEVICE_NV_MEM_FREE respectively.

Important Note: Saving of user data vRmUsbCamSaveUserData() might take up to 3 seconds.
The device must not be disconnected from the ledsitebthe saving process is completed!

-12 -
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3 VRmMUsbCam COM and .NET API v2

Apart from the native VRmUsbCam C API v2 that isyided by thesrmusbcam2.dll  , COM
(Component Object Model) classes have been registar the Setup Wizard of the VRmagic USB
Camera Development Kit.

These can be used to access all features of thdJdB@am C API v2from within any programming
language that is capable of dealing with COM olsje8tmply instantiafea VRmUsbCanobject of the
COM library “WRmagic VRmUsbCam COM API v2 " (virmusbcam?2.dll)

Although .NET-based languages likkcrosoft Visual Basic .NE®r Microsoft Visual C#are capable
of COM, yet another API is provided for this purpo$heVRmUsbCamNE&ssembly.

It will be installed by the Setup Wizard into théoal Assembly Cache if .NET Framework support
is detected at the time of installatidhis strongly recommended to be used from within .NET
languages instead of the VRmUsbCam COM API.

You can also find the assembly in the “VRmUsbCarajyers\net” subdirectory of the installation
folder of the Development Kit to easily accessani within your applications.

Note: When using the VRmUsbCamNET assembly, you sheoldgbort the System.Drawing
assembly.

The interfaces of the VRmUsbCam COM and .NET Aléscpiite similar. Both are based on the
interface of the VRmUsbCam C API described in trevjpus paragraphs. Hence the following part
only points out the structural differences betwesing the COM/.NET API and the C API.

3.1 Naming Conventions

Whereas all type- and struct-identifiers of the Bl Atart with the prefix “VRm” and all function-
identifiers start with “VRmUsbCam”, the whole VRmiSam COM/.NET API resides in the
VRmMUsbCamCOM/VRmUsbCamNET namespace and lacks r&fixgs, since they are not
necessary.

3.2 Classesand Structs

The VRmUsbCam COM/.NET API arranges functions (radf) and data semantically, thus defining
the following classes/objects within the respectisenespace:
* DeviceKey
a unique identifier of a VRmagic device; correspotalVRmDeviceKey
* ImageFormat
holds format information about a single image; asponds to VRmimageFormat
* Image
holds a single image, either read from the devicectly or converted from another image
read from the device; corresponds to VRmImage
¢ Device
representation of a single VRmagic device; corresisao VRmUsbCamDevice
* DevicePropertyPage
provides a simple GUI allowing for configurationadmmon parameters of the Device; can
be an independent parent or a child window
e Exception (.NET only)
exception that is thrown by all classes/methodiiwihe VRmUsbCam .NET assembly

% Microsoft Visual Basic 6.0 will auto-instantia#RmUsbCarbecause it is declared Application Object
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*  VRmUsbCam
container class for all “global” methods

Note: In COM, ImageFormat and VRmUsbCam are the only-assatable classes. All other classes
can only by retrieved by member methods of VRmUsb@aM API.

In addition, structs are defined according to th&RT:

* Proplinfo
receives general information about a device progerdrresponds to VRmPropinfo. See

section 2.7.
*  PropAttribs
receives default, min, max and step value of acégmioperty; corresponds to
VRmPropAttribs<x> structs. See section 2.7.
e Size, Point, Rectangle (.COM only?)
corresponds to VRmSizel, VRmPointl and VRmRectl

3.3 Enums

Enumerations are defined in accordance with théPC thereby all enumeration values lack the
VRM__ prefix:
* ColorFormat
corresponds to VRmColorFormat
* ImageModifier
corresponds to VRmIimageModifier
*  Propld
corresponds to VRmPropld. Note that .NET additilyrialcks thePROPID_prefix of the
enumeration constants
*  PropType (.COM only)
corresponds to VRmPropType

34 Events

Callback definitions of the VRmUsbCam C API are peghto the COM/.NET unified event model.
The following classes are event sources:
*  VRmUsbCam
providesDevi ceChange event&in accordance t&/Rnst at i cCal | backType enumeration.
These events require a running GUI event loop.
» Device
providesPr opert yLi st Changed, Pr opert yVal ueChanged, Sour ceFor mat Changed,
Sour ceFor mat Li st Changed andTar get For mat Li st Changed events in accordance to
VRnDevi ceCal | backType enumeration.
These events are raised synchronously from witRmMsbCam API calls.

4 NET uses built-in types
® NET uses System.Type to distinguish device prgpggpes
®In .NET, these events are static/shared, ie. typmbers instead of instance members
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3.5 Legacy Classes, Struct and Enums

For compatibility with older versions of the VRmUW&am API, the COM and .NET interfaces still
contain classes, structs, enums and methods #habato be used in newer applications.

In COM, they are marked by “**OBSOLETE**" in the@tescriptions. Unfortunately, the
VRmUsbCam .NET API currently does not support desion/help strings for its methods, classes or
structs. But instead, it provides two additionalssles, namelyobsolete_Device and

_obsolete_ VRmUsbCam that contain the obsolete methods of the DevicEMRMUsbCam class,
respectively. In addition, these methods/propeeresmarked with an “Obsolete” attribute.

Most of the obsolete functionality has been replame Device Properties as described in section 2.7.

3.6 Error Handling

While error handling in the C API is performed $pley returning error code¥’RmRetVal ) and
supplying thevRmUsbCamGetLastError()  function, the VRmUsbCam .NET API makes use of
exceptions. Therefore, most methods do not offetrn value, but may throw a
VRmUsbCamNET.Exception .

More similar to the C API, the VRmUsbCam COM APbyides error handling by returning COM
error codes (HRESULT). Additionally, all VRmUsbCa&®M classes implement the IErrorinfo
interface to offer written descriptions in casenferror, but most COM-capable programming
languages use this interface automatically.

3.7 Properties

Since COM and .NET offer the property modéRmUsbCamGet<xxx>/Set<xxx> functions of the C
API are mapped to read-only or read-write propemiethe classeSeviceKey , ImageFormat
Image , Device andVRmuUsbCam

Note: This is not to be mixed up with the Device Propsrtiescribed in section 2.7!

e DeviceKey class: read-only properties corresponding to mesnbl/RmDeviceKey struct:
Busy, Manufacturer, Product, Serial.

In addition,Productld andVendorld is provided which is obtained by
VRmUsbCamGetProduct/Vendorld() of the C API.
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* ImageFormat class:
0 Array-type properties
TargetFormatList
0 Properties corresponding to membersyRfmimageFormat struct:
Size, ColorFormat, ImageModifier
Note that partial modification of the ImageModifismpossible by

FlipHorizontal() andFlipVertical()
In addition, thePixelDepth  and, in case of Grabber Source Formats, a Shatiription
is provided.
* Image class: according to the VRmImage struct of the @, A#ad-only properties are

defined:
Buffer, ImageFormat, Pitch, TimeStamp

TheBufferSize property presents the actual buffer size as oldaye
VRmUsbCamGetimageBufferSize() . TheFrameCounter is also provided as property.
Direct access to the image buffer can be obtaigagsimgLockBits() ~ andUnlockBits()
methods.

e Propinfo class: corresponding to VRmPropinfo struct, realg-properties are defined:
Description, Id, 1dString, Type, Writeable

e Device class:

o0 Array-type properties

SourceFormatList, TargetFormatList !, PropertyList
0 Read-only properties
DeviceKey, Running, PropertySupported, PropertyAttr ibs,

Propertylnfo

0 Read-write properties
SourceFormat, SourceFormatindex, PropertyValue

o Events
PropertyListChanged, PropertyValueChanged, SourceFo rmatChanged,
SourceFormatListChanged, TargetFormatListChanged

* VRmUsbCamclass

0 Array-type properties

DeviceKeyList

0 Read-only properties
CurrentTime, Version

3.8 Interoperation with VRmUsbCamDS Capture Source

The VRmUsbCam COM/.NET API can be used to configattings and to select the source format
on a VRmUsbCamDS Capture Source filter.

TheVRmUsbCanelass therefore provides tAgachToVRmUsbCamDS() method. Search the
DirectShow demo application for an example.

When callingAttachToVRmUsbCamDS() , you obtain @evice object representing the VRmagic
Device currently opened by the specified DirectSi@apture Source. Please note that some of the
methods will not be usable on this object, sinaee@Ehow retains full control over the device.
Namely, the followingbevice methods are prohibited:

Start(), Stop(), IsNextimageReady(), LockNextimage( ), UnlockNextimage()

When finished, simply release tbevice object by theDispose() method.

" In contrast to ImageFormat. TargetFormatList, lisisis influenced by CONVERTER_xxx properties bét
Device
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4 DirectShow

VRmUsbCam DevKit will install two DirectShow FilterVRmUsbCamDS and VRmImageConverter

41 VRmUsbCamDS

VRmMUsbCamDS is a DirectShow Video Capture Sourcehlwvban be instantiated once for every
supported device. It features one output pin fiisgPin  “1”) providing images of different formats
including timestamps for capturing. This output pas a pin property page for device identification
and source format selection.

In addition, various device parameters can be tatjusn the filter's property page.

Supported output formats are:

#0MEDIASUBTYPE_VRMMquivalent to source format (see section 2.5)

#1 MEDIASUBTYPE_ARGB32quivalent to target format ARGB32

#2 MEDIASUBTYPE_RGB3Z2quivalent to target format RGB32

#3 MEDIASUBTYPE_RGB24quivalent to target format RGB24

#4 MEDIASUBTYPE_RGB56%quivalent to target format RGB565

#5 MEDIASUBTYPE_ARGB32quivalent to target format ARGB32 (upside down*)
#6 MEDIASUBTYPE_RGB32quivalent to target format RGB32 (upside down*)
#7 MEDIASUBTYPE_RGB24quivalent to target format RGB24 (upside down*)
#8 MEDIASUBTYPE_RGB56%quivalent to target format RGB565 (upside down*)

*upside down images (negative heights) are pretelg some video renderers

In case of black and white cameras, an additistEDIASUBTYPE_RGB®ill be available. It will be
inserted in the list of output formats either befeachPARGB320r after eaciRGB565format,
depending on theONVERTER_PREFER_GRAY_OUTPUieBice property.

In order to get a preview while capturing the usalgine Smart Tee Filter (installed by DirectX) is
suggested.
For capture applications it is recommended to caghe nativeMEDIASUBTYPE_VRMM.

Sample graph for AVI capture including video previe

11~ Unbenannt - GraphEdit _ 0] x|
File Edit ‘Wiew Graph Favorites Options Help

D|=|&| & 452 »|n|=| == g2 [ 2] S|
|

Ot I = {Inpst Capture I;I—b. Inpurt 0 A% Ot I' in
WRmagic YRmUshCarm DS ‘ Smart Tee A M [ test. avi

.1!’

Previesy | Input 02

*|HForm In HForm Out = | Import
WRmagic Image Convertar “ideo Renderer

Ready [ [rurn S

In order to write a C++ program using these filjerst includevrmdshow.h and use the defined
GUIDs for filters and the VRMM mediasubtype.
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It is possible to access tl@mUsbCambDevice of every VRmUsbCamDS instance using the
AttatchToVRmUsbCamDS() methods of the VRmUsbCam COM or .NET API (seeise@.8).

4.2 VRmlmageConverter

VRmImageConverter is a DirectShow Video TransfoitteFwhich can convert a
MEDIASUBTYPE_VRMIiinput to different RGB formats:

Supported output formats:
#0MEDIASUBTYPE_ARGB32

#1 MEDIASUBTYPE_RGB32

#2 MEDIASUBTYPE_RGB24

#3 MEDIASUBTYPE_RGB565

#4 MEDIASUBTYPE_ARGB3Zupside down*)
#5MEDIASUBTYPE_RGB3Zupside down*)
#6 MEDIASUBTYPE_RGB24upside down*)
#7 MEDIASUBTYPE_RGB565upside down*)

*upside down images (negative heights) are pretelng some video renderers

In case of black and white cameras, an additistEDIASUBTYPE_RGB®ill be available. It will be
inserted in the list of output formats either befeachrARGB32or after eaciRGB565format,
depending on theONVERTER_PREFER_GRAY_OUTPUieRice property.

Sample graph for displaying an AVI capturediBDIASUBTYPE_VRMM

if - Unbenannt - GraphEdit 10l x|
File Edit Wew Graph Favorites Options Help

D|S(E| &| & [e(e] »|u]=]| == 62 = 2] S|
I

Cutput I = | inpt pin Stream 00 I e | XForm In KFarm Cut I = | [mput
test. awi AN Splitter “Rmagic Image Converter “ideo Renderer

Ready [ oM v
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5 History

APl v2.8.1.x
or later

APIv2.7.2.7

APIv2.7.2.6

APIv2.7.2.5

APIv2.7.2.4

APIv2.7.2.3

APIv2.7.2.2

APIv2.7.2.1

APIv2.7.2.0

APIv2.6.7.8

APIv2.6.7.7

APIv2.6.7.6

see “WVRmUsbCam Devkit Changelog.ddf’ details

fixed occasional startup problem of/RVC-1(+I/+S) with NXP chip
(requires firmware version >= v21.99)

fixed image order and config importMRmMFC

added bayer 10bit format to VRmMFC
fixed multithreading issue in "UnlockNextimage"

added support for VRMC-4+ and VRmC-12+

added support for gray 16bit and BGR 48bit tafgahats
improved startup behavior and added support idf R
compressed bayer format to VRmMFC

improved deserializer of VRmMFC

added support for VRMAVC-1+l

added support for selection of TFF/ BFF formats

to VRm(F)AVC-1 (might require a firmware update)
fixed sync-freerunning mode of VRmDC-12

fixed minor documentation issues

added support for VRMMFC (Smart M&@&nsor Camera)
added support for VRmDC-8, VRmDC-9/BW, VRmDC-12
added support for ethernet receiving

added support for VRMAVC-1+S

added support for VRmSM-1
added possibility to lock mutiple images of hoagrbuffer

fixed non working AttachToVRmUsbCamDS

fixed timing changes in freerunning sequential enod
fixed trigger timeout for VRmMFC-x devices

fixed maximal pixel clock for VRmMFC-6

added support for binning modes to (R/@-12/BW
added support for overclocking to VRmC-3+

and VRm(F)C-12

added support for external sensor models of VREC-
added auto pixel clock for VRmFC-6

added support for external sensor risoofeVRmC-12
added support for TTL trigger/strobe of
VRmMC-8+/VRmMC-9+ Rev 1.1

added channel balance plugin to improve imageitgual
of VRmC-9(+)

fixed maximum value of trigger timeout property
reduced jitter for VRmFC-x cameras

O
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APIv2.6.7.5

APIv2.6.7.4

APIv2.6.7.3

APIv2.6.7.2

APIv2.6.7.1

APIv2.6.7.0

AP1v2.6.6.3

APIv2.6.6.2

API1v2.6.6.1

AP1v2.6.6.0

APIv2.6.5.0

API1v2.6.4.0

APIv2.6.3.0

API1v2.6.1.0

added property for roi of auto expesuyith
default = center 1/9 of image

added support for VRmC-9+
fixed incompatibility of VRmUsbCamDS with Adobeash
Media Encoder

added support for synchronized fremimg grabbing
mode (VRmMC-12) (might require a firmware update)

fixed auto-white balance that was dextally disabled

added support for VRmC-8+
added subsampling, auto-exposure and optimizet 10b
evaluation for VRmFC-x cameras

built with VS2005 SP1, Visual C++ Rinm 8.0 SP1,
.NET Framework 2.0 (no longer supports Framewoxk 1
fixed problem of unlit images in free-running and
soft/edge triggered modes

Device Property Page now runs in its own thread

added error handling for trigger stall
fixed loading/switching between us&@IRonfigs

added support for VRmFC-6(/BW)
updated source format list of VRmFC-4/8/9

added support for VRmFC-4, VRmFC-8,

VRmMFC-9, VRmFC-12

added RLE compressed source format for VRmFC-x
added device callbacks (C) and events (COM, .NET)
fixed user roi of VRmC-3+ and VRmC-12

added support for VRmFAVC-1
added support for VRmMCI
enhanced user settings to support 9 different genfi

added VRmUsbCamlsFirmwareCompressiquiRed

added image analysis plugin (chessboar
+ concentric marker)

added defective pixel management (DPM)
added property for "images ready in host
ringbuffer"

improved precision of strobe outputl émgger
timeout (might require a firmware update)
added free-running sequential mode
added support for VRMC-3+(/BW)
added blacklevel property to filter
adjustable pixel clock for VRmMC-12 (5 to 26.6 MHz)
fixed VRmUsbCamReloadUserSettings

O
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AP1v2.6.0.0 added property based configuratioarfate
added support for VRmC-9/BW and VRmMC-12(/BW)
added properties for converter (flips, BayerHQ,
prefer gray), multi channel filter settings (R/G/B)
plugins for auto exposure, auto white balance and
auto reset level calibration (for VRmC-3 and VRmC-4
added frame counter information to image
fixed negative luminance values

API1v2.5.0.0 completed support for VRmC-8pro
added shutter config (might require a firmware ueyla
added trigger timeout
added user data storage (in eeprom)
improved user roi handling
added YUYV as target format to image converter

AP1v2.4.0.0 added optional High-Quality Bayer &ilt
added basic support for VRmC-8pro

AP|v2.3.0.0 added VRmUsbCam COM API v2
added soft trigger
added COM/.NET interoperability with VRmUsbCamD&p@ure Source
re-designed .NET API v2 to match COM API v2
added source format to load/save settings

AP1v2.2.0.0 added support for VRmMC-4pro v2 and \GRfpro
added trigger controls

API1v2.1.0.1 added access to timer
enhanced target format handling:
added support for RGB565, fixed horizontal mirthre
target format handling is now device independent

AP1v2.0.2.6 added support for VRmC-OEM-1

APl v2.0.2.5 initial API v2.x release
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6 Migration Hints

C++ APl vlixtoC API v2.x

* Replace the access via instancegRihUsbCamby the device handiRmUsbCamDevice

¢ ReplaceGetNextimageBGRA (or GetNextimageRAW ) by consecutive
VRmUsbCamLockNextimage andvVRmUsbCamUnlockNextimage , you may use
VRmUsbCamConvertimage between these calls to convert this source imageferent
target formats

e Camera Configuration is now device type dependes#/RmUsbCamGetFeatures to

check for accessible camera settingswRanUsbCamSetSettingsX /
VRmUsbCamGetSettingsX

C API v2.0.xto C API v2.1.x

* Replace/VRmUsbCamGetDevice in VRmUsbCamGetTargetFormatListSize by the active
source format given iiRmUsbCamGetSourceFormat

C API v2.6.0.0to C API v2.6.1.0

* Replace VRmUsbCamLastErrorWasTransferTimeout by
VRmUsbCamLastErrorWasTriggerTimeout

NET API vl.xto .NET API v2.x

*  VRmUsbCam.tDeviceld class

0 RenameVRmUsbCam.tDeviceld =>DeviceKey , rename members:
= name => Product
=  serial => Serial

*  VRmUsbCam class
0 The following methods have to be remapped / renamed

* CheckFramesDropped() : useframesDropped parameter of
LockNextimage()

» GetNextimage() : replace byLockNextimage() , Convertimage() |,
UnlockNextlmage()
Example code (VB.NET), where cam is an instancéRrnUsbCam:
Dim framesDropped As Boolean
Dim convimg As New VRmagic.Image(cam.targetFormats( 0))
Dim rawimg As VRmagic.Image =
cam.LockNextimage(framesDropped)
cam.Convertimage(rawimg, convimg)
cam.UnlockNextimage(rawimg)

* GetTimeStamp() : useTimeStamp property ofVRmagic.Image class

e ScanForDevices() : useUpdateDeviceKeyList() instead and examine
theDeviceKeyList  property

e xxxAdjustments() : rename toxxxSettings()

e SkipNextimage() : replace byLockNextimage() ,UnlockNextimage()
pair

0 The following properties have to be remapped/remame
» DefaultROI :removed without replacement (but selecting as®tmrmat
by theSourceFormat property restores the ROI to its defaults)
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e Deviceld :rename t®eviceKey

* Red/Green/BlueGain, ExposureTime, PixelBiasVoltage,
PixelClockMhz, ResetLevel, ROI, SensorSize
use Settings1.xxx property instead and rename:
ExposureTime => ExposureTimeMs
ImageROI =>ROI

* GammauseSettings3.Gamma  property instead

e llluminationintensity . useSettings2.llluminationintensity
property instead

* IsllluminationAvailable : check whether
FeaturesType.SETTINGS2_SUPPORTED flag is set irFeatures property

*  SupportedPixelFormats . useTargetFormatList property instead. The
basicSystem.Drawing.Imaging.PixelFormat has been replaced by the

more complex’Rmagic.ImageFormat , but can be retrieved by its
ToPixelFormat() method.

NET API v2.0.xto .NET API v2.1.x

*  VRmUsbCam.TargetFormatList : use
VRmUsbCam.SourceFormat. TargetFormatList property instead

NET API v2.1.xto .NET API v2.2.x

*  VRmUsbCam.Bitmap: removed, us&¥RmUsbCam.ToBitmap() method instead. This reflects
the fact that a pitch conversion may be performed

NET API v2.2.xto .NET API v2.3.x

* The following namespaces have to be remapped/rehame
0 VRmagic: rename to/RmUsbCamNET

» The following classes/types have to be remappeaiinen:
o (VRmagic.)VRmUsbCam : rename to/RmUsbCamNET.Device, except regarding the

following methods and properties that still remigitvRmUsbCamNET.VRmUsbCam
EnableLogging(), UpdateDeviceKeyList(), RestartTime rQ,
CurrentTime, DeviceKeyList

o0 all VRmUsbCam.<xxxx>Type : rename to/RmUsbCamNET.<xxxx>
(note the missing "Type" suffix)

0 VRmUsbCamException : rename to/RmUsbCamNET.Exception

» The following methods have to be remapped/renamed:

0 New ImageFormat(...) (constructor): removed. Do not create ImageFormats
your own. Instead, only use the formats in the Ii&ivice. SourceFormatList
andimageFormat.TargetFormatList

0 New Image(...) (constructors): uséRmUsbCam.Newlmage(),
VRmUsbCam.Setimage() andimage.Clone() = methods

0 Image.Convertimage :useVRmUsbCam.Convertimage() method instead

0 New VRmUsbCam(...) (constructor): us#RmUsbCam.OpenDevice() method
instead

* The following properties have to be remapped/remame
0 Image.ImageModifier . is no longer writable, usdipHorizontal() and
FlipVertical() instead
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NET API v2.6.6.x to .NET API v2.6.7.X

e Theassembly isnow based on .NET Framework 2.0 and thus no longer compatibleto
applications based on earlier versions of the Framework.

In order to use VRmagic devices from within .NEPlgations based oframework 1.x,
you can use theRmUsbCam COM API via .NET COM Interop instead, however
functionality will then be limited:

(0]

ThelLockBits()  andUnlockBits() methods of the Image object cannot be used,
so image data cannot be modified.

Note:read access to the actual image data is providetheyro...Array() methods.
ThePropertyAttribs property of the Device object is inaccessible beeaf a

bug in COM Interop.

If you do not need these features, you can siltbe VRmUsbCam API from your .NET
1.x application by applying the following adaptidosyour existing .NET source code:

(0]
(0]
(0]

Replace all references WRmuUsbCamNEDY VRmUsbCamCOM

Add a reference tetdole assembly

Statically instantiate an instanceM®@mUsbCamCOM.VRmUsbCammewhere in your
code and name tRmUsbCam

Replace all array types returned by any member adedh property of any
VRmUsbCam class bgystem.Array

Replace occurrences 8fstem.Drawing.Size , Point orRectangle by their
corresponding classesWRmUsbCamCQMseNew...() methods of the static
VRmUsbCanobject for creating them

CatchSystem.Runtime.InteropServices. COMException instead of
VRmMUsbCamNET.Exception and investigate therrorCode member instead of the
Number member

Add thePROPID_ prefix to all property identifiers used

Replace calls ttmage.ToBitmap() ~ andimage.ConvertToBitmap() by calls to
Image.ToPicture() , ConvertToPicture() v

if required, use the HDC of your target graphicgobas argument to each method,
finally, use theDrawing.Bitmap.FromHbitmap() static method to create a
Drawing.Bitmap  from the Handle of the Picture object.

This C# example shows how to extra@ianap from a VRmUsbCam COM API
Image object ¢rmimage ):

stdole.IPictureDisp tmppic = vrmimage.ToPictureNoDC 0;
Bitmap tmpbitmap = Bitmap.FromHbitmap(new IntPtr(tm ppic.Handle));
System.Runtime.InteropServices.Marshal.ReleaseComOb ject(tmppic);

...do what you want with tmpbitmap here...
tmpbitmap.Dispose();
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