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Abstract— Test applications often require the integration of
many different software technologies. This paper provides an
overview of how several Windows-based technologies can be
incorporated into a single application by employing a common
software framework and architecture.
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L INTRODUCTION

The incorporation of various software technologies and
methods has become common place in today’s functional test
systems. Increasingly test engineers are employing multiple
languages and test methods as part of a test program set (TPS).
And when one includes the use of both textual and graphical
programming languages, the breadth test methods grows even
larger. Clearly, having a robust tool set that can accommodate
and assist the developer in combining these various
architectures, languages and methods can be a real benefit to
the test developer.

Some specific examples listed below detail the benefits and
needs for integrating specific software technologies or methods
into an application.

e A specific instrument driver is available only in a
particular technology. Re-using or integrating the
driver into a new application requires using the driver’s
underlying technology.

e The application requires the use of external software
components to provide additional functionality such as
database management for storing of test results or test
requirements, the creation of user interfaces (i.e.,
ActiveX controls), spreadsheet support, test log
generation (HTML/XML), support for data analysis
libraries, or support of communication protocols.

e Use of existing or legacy code which needs to be
integrated into a current or new application.

The ability to integrate these various technologies into
applications maximizes code reuse and allows faster
completion of the test system application. And by creating an
intuitive software environment, coding can be minimized
making the integration of these technologies easy and effective.

Using a common software framework and architecture,
several key software technologies can be incorporated into a
single application. The technologies and integration methods
addressed in this paper include:

e DLL and header file usage using a common framework

e COM ActiveX components including the use of an
Excel spreadsheet, a data base and an ActiveX control
(Microsoft Calendar) application

e NET assemblies and classes including methods and
properties

e Function Panel (.fp) drivers and the use of IVI-C or
IVI-COM drivers.

II.  INTEGRATING DLLS

DLLs (Dynamic Link Libraries) are the building blocks of
Windows. In a test application, DLLs are used mostly as
instrument drivers for PC and PXI-based instruments. They are
also used to extend the capability of the test framework by
calling a Windows API or other software library to extend the
test framework’s functionality. Many issues can be
encountered when calling external libraries and the framework
must support them. Specifically, the framework needs to
support the following attributes and functionality of a DLL:

e Calling conventions (i.e. stdcall or cdecl)

e Parameter type support and support for simple data
types (integer, floating point, string, Unicode/BString)

e  Support for structures and packing, objects, procedures
(callback) by reference or by value and pointers

e  Return type support

The process of declaring the functions and data types in the
test application can be tedious. The code will generate many
errors if the declarations are not accurate due to the manual
declaration process. Support for automatic importing of C
header files is therefore a major benefit that will save
significant programming and debugging efforts. Figure 1
details how the importing tool can be configured to support the
importing of the DLL as well as the C header file.
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Figure 1: DLL File Import

Additionally, the importing of DLL files can result in the
identification of C header files where the data types are
ambiguous. Figure 2 details how the importing tool will flag
these ambiguous data types — simplifying the overall DLL
importing process.

Import C Header File - Ambiguous C Type

The Following Ambiguous Type Encountered : Replace
S

VOID WINAPI GxSWGetEmrorSting ( SHORT nError , -
PSTR pszMsg , SHORT nErorMaxLen , PSHORT
pnStatus | ;

File : |C:\Program Files\ATE asy\E zamples\Gz6138.h

Line: 93 View... I

Select One Of the Following Possible Types or Enter the
Desired Type Below :

Var Short[ ]
Val Short[ ]

I\/ar Short

[V Replace Same Name and Type Symbols Automatically
[V Replace Same Type Symbols Automatically
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Figure 2: Ambiguous Data Types

¥ MyGx6138.drv (Procedures) N =10 x|
Name / Type Description

5 Gx6138Close (nHandle, nChannel, pnStatus): Closes a relay
#-§ Gx6138GetChannel [nHandle, nChannel, pnState, Returns whether the
pnStatus): Void channel is open (0) or

close (1)
#-§~ Gx6138GetChannels [nHandle, pHighChannelStates, Returns all relays state of
plLowChannelStates, pnStatus): the specified group
2= & Initialize

[nSlotnumber, pnHandle, pnStatus):  Initializes the driver for
Void the board at the specified

slot number

O nSlotnumber Val Short Slot number of the board
O prHandle Var Short Returned handle for the
board, 0 for error
O pnStatus Var Short Returned status, 0 for
success
#-§~ Gx61380pen [nHandle, nChannel, pnStatus): Opens a relay
#-§~ Gx6138Panel [nHandle, hwndParent, nMode, Opens a virtual panel to
hwndPanel, nStatus): Void interactively control the
board
3} Gx6138Reset [nHandle, pnStatus): Void Opens all relays
& Gx6138SetChannels [nHandle, plHighChannelStates, Sets all relays state

plLowChannelStates, pnStatus):
GxSWGetDriverSummary,  (sSummary, nSummaryMaxLen,
plVersion, pnStatus): Void

Retumns the driver
description string and
wversion number
Returns the error string
as specified by the error
number

#-§ GxSWGetEnorSting [nError, sError, n"SummaryMaxLen,

pnStatus): Void

Figure 3: Completed DLL Import

After completion of the importing process, the resulting file or
procedure yields a set of function calls with descriptions
(Figure 3) which are ready to be used with the application.

III. INTEGRATING COM/ACTIVEX COMPONENTS

Microsoft’s Component Object Module (COM) and
Microsoft’s ActiveX controls are popular Windows objects.
COM components include a type library that describes the
library classes, methods, properties, and events exported by the
components. Once the type library imports the files, a
framework can display the contents of the library in a browser,
allowing the user to browse and see the appropriate classes that
need to be created and the methods and properties that need to
be called or set. Code completion can also accelerate the
coding process by offering a list of methods and properties that
can be used when the object is selected for inclusion in the test
program.

ActiveX controls are a superset of the COM module, which
describe and provide user interface controls that can be placed
on a user interface (UI) form — extending a UI’s functionality.
Once the control library is imported, these controls are added to
the framework’s control palette. The user now has access to
these controls that are similar to the framework’s built-in
controls. These controls offer enhanced functionality such as
Tree View, calendar control, specialized chart, etc.

Figure 4 details how the framework’s tools can be used to
insert a Type Library (in this case the Microsoft ActiveX Data
Object library) which then provides data base read/write
capability.
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Figure 4: Importing an ActiveX Library

Once the ActiveX library has been imported, the library is
available for use as part of a test application with all functions
and types exposed for use by the test programmer (see Figure
5).

ol
Name Type Desci
§= AddNew (FieldList, Values). Void Public
§= Cancel (): Void Public
Tg Commands -4~ CanceBaich (AffectRecords}: Void Public
I Events §= Concelpdate [k Void Publc
-3 Procedures = Clone (LockType} Recordset Public
f Varicbles {= Close () Void Public
Gn Types {~ CompareBookmarks (Bookmark1, Bookmark2): CompareE num
-8 Libraries Pubiic
-3 Intemal B-§= Delete (AffectRecords): Void Public
- ADOX §= GetRows (Rows, Start, Fields): Variant Public
=3 ADODB -5~ GetSting (StringFormat, NumRows,
B[ Classes . EdwnnDeknelet,ngD_elmeley,
&-™ Command §= Move ) (NumRecords, Start} Void Public
&-™ Conneclion §= MoveFirst 13 Vofd Public
5% Error §° Movelast () Vo?d Public
#-"™G Enors 3= MoveNei G- Voud Pucke
H-% Fisld §= MovePrevious () Void Public
o @5~ NextRecordset (RecordsAffected): Recordset Public
& -LJ ek =5 s (Source, ActiveConnection, CursorType,
&% Parameter LockType, Ofptions}: Void Public
B-®G Parameters B Source [Val] Variant
@-™G Properties O ActiveConnectic [Val] Variant
™G Property @ CursorType [Val] CursorT ypeEnum = -1
"3 Record B LockType [Val] Lock TypeE num = -1
=3 Recordset @ Options [VallLong =1
--[Eg Events {= Requery (Options) Void Public
) Methods §= Resync [AffectRecords, ResyncValues) Void
O Properties §= Save [Destination, PersistFormat): Void Public
-3 Stieam = Seek (KeyValues, SeekOption} Void Public
-0 Types §= Supports (CursorOptions}: Bool Public
B35~ Update (Fields, Yalues): Void Public
§= UpdateBatch (AttectRecords): Void Public
| | i0

Figure 5: Browser with imported ActiveX Library

IV. INTEGRATING .NET ASSEMBLIES

Similar to COM, .NET is another method for accessing
software components written with Microsoft Studio .NET.
NET components are more complex and feature-rich than
COM with .NET supporting inheritance, parameter
constructors, overloading, and static virtual members. The
Microsoft .NET framework offers a wider set of classes that are

compatible with any Windows OS that supports the .NET
framework. The importing method for NET components is
similar to the techniques and methods used for importing COM
objects. Figure 6 details the results of importing a .NET library.
Note that the framework presents all functions and types to the
user via the software framework’s browser.
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Figure 6: Browser with imported .NET components

V. IMPORTING AND USING FUNCTION PANEL DRIVERS

Function Panel drivers are based on the VXI Plug & Play
driver specification which was developed by the VXI System
Alliance (http://www.vxipnp.org) and is now maintained by the
IVI Foundation (http://www.ivifoundaton.org). Central to the
VXI Plug & Play specification is the VISA (Virtual
Instrumentation ~ Software  Architecture) /O  library
specification which is also maintained by the IVI organization.
The Function Panel is comprised of instrument driver functions
and uses the VISA interface to communicate with the
instrument. The instrument driver is packaged as a DLL and an
fp file that describes the DLL commands, functions, and
documentation. The software framework’s importing tools can
import the .fp files and automatically will create a driver that
that is readily useable by the framework’s development
environment. Imported driver components include commands,
data types, and documentation.

Figure 7 shows the results of importing a PnP driver for the
HP34401 DMM.

(HP344014_VAL_AC_CURRENT, dRange,

B Hp34401a-FP.drv i =10/x|
=2 Driver Command Procedure =
B3 Foms B Driver
Commands o Initisize _Initalze (sResourceName, biDQuery,
@ Events bResetDevice, sOptionString)
@[3 Procedures = '@ Configuration
10T ables & C G ment (M unction,
@ Variables dRange, dResolutionabsolute)
‘= DCVolts ConfigureMeasurement
@ Types (HP344014_VAL_DC_VOLTS, dRange,
-39 Libraries dResolutionabsolite)
‘@ ACVols ConfigureMeasurement
(HP344014_VAL_AC_VOLTS, dRange,
dResolutionabsolute)
‘o DCCurrent ConfigureMeasurement
(HP34401A_VAL_DC_CURRENT, dRange,
dResolutionabsolute)
‘@ ACCurent ConfigureMeasurement

AResolutionahsoite] [

Procedues:[@ Procedures zl Detach p,mdu,,l ® |

Name l Type I Description Iﬁ
@-§= ConfigureMeasComple (MeasCompleteDestination): Void This function
configures the

destination of the
measurement-complete
signal. This signal is
commonly referred to
This function
configures the
common attributes of

=

®

2 (MeasurementFunction, dRange,
dResolutionabsolute): Void

dResolutionabsolute )

the DMM. These
Wik dac inchida tha Y
ConfigureMeasurement (HP344014 VAL DC_VOLTS , dRange ,

Figure 7: Imported .fp Driver



The imported drivers offer many features not available with the
original function panel drivers. Features such as automatic
initialization, error and exception handling, strong type
declaration using enumerated types instead of constants, and code
completion are all available as part of the imported driver.

VI. IMPORTING AND USING IVI DRIVERS

The IVI standard for instrument drivers was created by the
IVI Foundation (http://www.ivifoundation.org). The foundation
has defined generic, interchangeable programming interfaces
for common instrument classes. Currently, the following IVI
drivers or classes are defined: DC power supply, Digital
multimeter, Function generator, Oscilloscope, Power meter, RF
signal generator, Spectrum analyzer and Switch. IVI drivers are
based on VXI Plug & Play drivers and require VISA and IVI
libraries prior to installing the drivers. By using an IVI class
driver, instrument interchangeability can be realized, since the
driver offers the same functions and parameters regardless of
the specific instrument being controlled. For example, IVI
allows you to replace an Agilent 34401 DMM with a Keithley
2000 DMM in your system without changing your code.
Similar to the other software technologies discussed earlier, the
software framework provides the necessary tools to support the
importing and use of IVI drivers as part of a complete test
application (Figure 8).

VI Driver Wizard X

Thiz wizard will inzert an ATE azy V] driver.

vl

[%I Driver Class : ‘ [viDrmm

Driver Shartcut Mame ‘ Drbbd ‘

[] 5kip Initialize
Initialize Parameters

Logical Mame : ‘DMM1 ‘

[ Query 1d Reset

Optionz String : ’ |

Figure 8: Importing an IVI Driver
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The imported IVI driver offers many features not available in
the original IVI drivers, including automatic initialization, error
and exception handling, strong type declaration using
enumerated types instead of constants, and code completion.

SUMMARY

Many of the Windows based technologies discussed in this
paper can require extensive programming knowledge and
expertise to successfully integrate them into an end application.
However, by employing a software framework that supports
these technologies, the complexity and time required to employ
these technologies and methods can be minimized. With the
availability of wizards and automated importing tools, users
can readily take advantage of the latest software technologies
as well as benefit from a framework that offers features such as
code completion, in-place documentation, automatic
initialization, error and exception handling, and strong type
declaration.
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