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Abstract

The United States Navy is developing a specialized calibration environment using ActiveX
technology to create XML calibration procedures that have embedded automation components.
The ActiveX automation components allow for automated control of the test instruments and
calibration standards within an XML calibration document. The ActiveX components are
populated through database tables containing information pertaining to the test instrument being
calibrated, the calibration standards utilized, and the test actions to be performed. Automatic
equipment detection, procedure performance options, and results data printing, storage, and
viewing are also facilitated through the use of additional specialized ActiveX components.
Calibration procedures can be performed manually using the normal text instructions or in an
automated mode using the ActiveX components. Utilizing reusable modular test methods and
sequences stored in a database, the new ActiveX driven calibration environment facilitates rapid
development of automated procedures coexisting within the framework of the new XML based
manual environment.

1.0 BACKGROUND

The U.S. Navy calibrates an extensive variety of test equipment at over one hundred calibration
laboratories to support worldwide fleet deployments. The calibration workload that can be
supported using an automated environment includes items from many different vendors and
ranges from general purpose commercial off-the-shelf (COTS) test equipment to specialized test
sets which include Radar and Swept Frequency Measurement test sets. Due to the diverse
workload requirements of the U.S. Navy, a robust automated calibration environment is required
to efficiently perform automated calibrations using a database-driven tabular structure. The U.S.
Navy is pursuing a calibration procedure development environment which stores all calibration
procedure data in a database, as shown in Figure 1.
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Figure 1. Calibration Development Environment

An automated XML (Extensible Markup Language) procedure with ActiveX controls can be
constructed and published directly from this database, or alternately the XML procedure can be
published without the ActiveX automation components and be executed manually. The database
contains all the information necessary to publish automated and manual procedures including test
instructions, calibration standards, calibration standards requirements, figures, and test
tolerances. This concept of database procedure storage and retrieval will significantly reduce the
development and maintenance cost of text-driven automated and manual calibration procedures.

In some circumstances the U.S. Navy still requires a manual procedure even when an approved
automated procedure exists. Those circumstances include the requirement for troubleshooting
and verifying an out-of-tolerance condition, providing back-up when automation does not
support calibration standards substitution or when the automated system is inoperable.

ActiveX automation components were developed to handle all of the necessary tasks associated
with performing automated calibrations. Equipment detection, procedure execution options, the
automated testing itself, and the display of the results obtained are all handled through ActiveX
controls embedded into an XML procedure.

Having an integrated automated and manual procedure execution environment is required to
provide cost effective calibration support for the wide variety of U.S. Navy test and measurement

equipment.

This integration of automation within the framework of a calibration procedure in the XML
format using ActiveX technology is now referred to in the U.S. Navy as ActiveCal.
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2.0 Calibration Procedure Overview

The new XML procedure design is structured to facilitate data storage and retrieval from a
database by organizing all the procedure data within modules. Figure 2 provides an overview of
the procedure and module structure.

Section 1: Calibration Requirements

Test Instrument Specification Module

Section 2: Calibration Standards Requirements

Calibrations Standards Module

Section 3: Preliminary Operations (Warm-up,etc)

Warnings Module

Equipment Warm-Up Module

Self-Test Module
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Section 4: Calibration Process

/| Figures and Diagrams
Repeat As Test Instrument Setup Module
Necessary
For Each Calibration Equipment Setup Module
Test
Section Verification Module
\_| Test Data Module

Figure 2. Calibration Procedure Format

The automated and manual procedures share all data except for the setup and verification
modules, which are replaced by an ActiveX control in the automated procedure (Test/Results
ActiveCal Control). An ActiveX control is used in Section 3 of the procedure for initial
equipment detection and to set procedure execution options (ActiveCal Procedure Options
Control). Another ActiveX control is used at the end of Section 4 to facilitate accessing the test
results obtained (Results ActiveCal Control). Both the automated and manual procedures are
XML documents viewed in a Microsoft Internet Explorer browser window.
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2.1 Preliminary Operations Module

The Preliminary Operation module is designed to provide the initial information necessary to
start the procedure. Initial warnings, cautions, and notes, along with initial turn-on information
for the test instrument and the calibration standards. This includes any and all information
pertinent to getting the calibration process up and running in a particular procedure. For an
automated procedure, it was recognized that initial operations were necessary to detect the test
instrument and the calibration standards to be able to ensure their presence and appropriate IEEE
bus/address information. Additionally, execution options pertaining to an automated execution
are also present to set the flow of the procedure.

2.1.1 ActiveCal Procedure Options Control

The ActiveCal Procedure Options Control, displayed in Figure 3, shows the available options the
user has available to both scan for equipment present on the IEEE bus and the run-time execution
options of the procedure.

\ ActiveCAL Procedure Options \
- Failure Mode Options- Test Table Exacution Options Halp
¥ STOP on all FAILs ¥ Automatic Continuation of Next Test Table User Documentation
I~ CONTINUE on FAILs ™ One Test Table at a time Bus Scan Help
- Instrument Bus Scan
Table 5can
Scan for ALL Scan ALL ScanTestTable | I Completed
Instruments Completed :
| Bandwidth, Cit 7
-Information
‘ Please Scan for instruments hefore proceeding. | ‘ ActiveCal 0ACV1.0.115 ‘

Figure 3. ActiveCal Procedure Options Control

There are two Failure Mode options available to the user. By default, the test execution will stop
on any fail condition detected and await user input to proceed, re-run the test that failed, or to
abort the test. Alternatively, an option is available to continue on any failures detected.

Also, there are two Test Table Execution options available. By default, the procedure will try to
execute in as automated a fashion as possible. If it is possible to continue from one test table to
the next, the execution flow will continue until the end of the procedure or until user interaction
is required. Alternatively, for troubleshooting purposes one test table can be executed to allow
for testing of any particular test table in the procedure. Any options set are saved to a temporary
database for the Test/Results ActiveCal Controls in the main body of the procedure to access and
take the appropriate action.
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To ensure proper communication with the equipment and to ensure the bus cable connections are
valid, an Instrument Bus Scan feature is available. The Bus Scan feature will detect the
calibration standards and test instrument available on the IEEE bus(es). Also, the current IEEE
Bus and Address of the equipment is detected and stored for use in communicating with the
equipment during the automated calibration process.

Figure 4, Address Scanner — Required Devices Display shows the equipment required to be
present on the IEEE bus for detection. After initiating a scan, Figure 5, Address Scanner —
Identification Display shows the results from the scan: the port (Test Instrument or Standard)
where the equipment was found, and the IEEE address of the detected equipment. This
information about the port and the address of each item is stored in a temporary database for use
by the Test/Results ActiveCal Controls in the main body of the procedure for communication
with the equipment.

MAIN ADDRESS SCANNER -- REQUIRED DEYICES .

ITEM | MANUFACTURER | MODEL NOMENCLATURE PORT

1.01 | TEKTRONICS TDSE204 | DIGITAL OSCILLOSCOPE Tl

201 [WAVETEK S500-600 OSCILLOSCOPE CALIBREATO|  =TD
Scan | CANCEL

Figure 4. Address Scanner — Required Devices Display

ADDRESS SCANNER. —- IDENTIFICATION
ITEM MODEL NOMENCLATURE PORT | PRIMARY ADDRESS
1.01 |TDERZ0A DIGITAL OSCILLOSCOPE Tl 10
201  |[9500-F00CFPTS  |OsCILLOSCOPE CALIBREATO|  STD 18
oK RESCAN

Figure 5. Address Scanner — Identification Display
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Additionally, help is available for the ActiveCal automation components with links to the user
documentation on the ActiveCal technology and specific help information is available related to
Bus Scan problems.

2.2 Automated Procedure Setup and Verification Modules

Figure 6 shows the manual and automated procedure structures side by side to illustrate the
common procedure data and structure of the two components. The Test/Results ActiveCal
Control is essentially a self-contained test sequence consisting of all the bus-commands, test-
tolerances, and user-interaction required to perform an individual test, i.e. vertical amplitude
accuracy. These automated sequences in the automated procedure follow the setup and
verification steps that would be performed in the manual procedure. The automated sequences
processed by the Test/Results ActiveCal Control are developed and stored in a database using an
automated procedure editor.

Manual Procedure Structure Automated Procedure Structure
Section 1: Calibration Requirements Section 1: Calibration Requirements
Section 2: Calibration Standards Requirements Section 2: Calibration Standards Requirements
Section 3: Preliminary Operations (Warm-up,etc) Section 3: Preliminary Operations (Warm-up,etc)
I'____________________________________—I
Section 4: Calibration Process E ActiveCal Procedure Options Control !
Figures and Diagrams | Section 4: Calibration Process
R
Test Instrument Setup Module Figures and Diagrams
T
Calibration Equipment Setup Module ﬁ i Test/Results ActiveCal Control !
[
. . > C r""""""""""""""""""'I
Verification Module i Results ActiveCal Control !

Test Data Module |
_/

Figure 6. Manual And Automated Procedure Structure Comparison

2.2.1 Test/Results ActiveCal Control

The Test/Results ActiveCal Control shown in Figure 7 is used in the automated procedure in
place of each Setup, Verification, and Test Data module group normally found in a manual
procedure. The control shown indicates the measured data taken and that the values measured
were within the tolerance limits by displaying a PASS indication.
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| Vertical Amplitude, Ch1, 10 mV to 10 Vidiv |

Run | Pause | Rgsumﬂ Abort |
- Calibration Data Table
Function Tested Lower Limit Upper Limit Hominal | Units | Measured | PassiFail

1 | wertical Ampltude Test, CH1, 30 mY Z9.E5L 30.45 20 my 29.740 PASS
z | Wettical Amplitude Test, CHT, B0 mY Ea. 1 609 &0 my E3._g20 PASS
3 |Werical Amplitude Test, CH1, 150 my 1477 15z2.3 150 m 14310 PASS
4 |%erical Amplitude Test, CH1 |, 300 m% 2355 Z04.5 00 mh 295._00 PASS
& |Yerdical Amplitude Test, CH1 | 600 m% E91 039 00 mh E94.8 PASS
& |werical Ampltude Test, CH1,15 Y 1.47 1.52 1.5 ki 1.487 PASS
7 | Werical Amplitudes Test, CH1, 3% 2.94 3.06 3 W Z.9E8 PASS
2 | Werical Amplituds Test, CH1, B Y 591 509 & W £_340 PASS
2 |Werical Amplitude Test, CH1, 15V 14_77 15_23 15 ki 14_550 PASS
10| vertical Amplitude Test, CH1, 30Y Z9_E5 30._45 =0 K Z9._8&0 PASS
Status:

~Progress Information

| All Tests Passed |

Figure 7. Test/Results ActiveCal Control

The number of rows in the Test/Results ActiveCal Control is dependent upon the number of tests
to be performed to validate the parameter being tested. The control will autosize to the number
of tests present.

The Test/Results ActiveCal Control has several capabilities. One is the pausing and resumption
of testing (see Figure 8). Also, the aborting of testing is available to terminate the testing
sequence. If failures are detected, an appropriate note will be displayed to the user and the user
will have the option of repeating the failed test or resume and proceed with the next test (see
Figure 9). This is only available if the Stop on All Fails option is selected in the ActiveCal
Procedure Options Control. Additionally, status messages letting the user know the progress of
testing using displayed text messages is available. An indication of the progress based upon the
number of tests performed using a standard progress bar is used. Finally, a Pass/Fail message for
the entire test is generated at the end of the test execution for the table indicating whether all tests
passed or the number of failed tests.
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Vertical Amplitude, Ch1, 10 mV to 10 Vidiv

Run: | Pause | PAUSED Rgsume'
—Calibration Data Table
Function Tested Lower Limit Upper Limit Hominal | Units | Measured | Pass/Fail
1 |Wertical Amplitude Test, CHT, 30 my Z9_E5L 30,45 20 my 29.740 PASS
2 |Yerical Amplitude Test, CH1, 60 mY E9.1 &0 m E9._80 PASS
4 |Yerical Ampltude Test, CH1, 300 mY Z9E.5 00 m
& |Yeical Amplitude Test, CH1, 600 mY £E31 00 e
& |Verical Amplitude Test, CH1, 1.5 Y 1.47 1.82 1.5 W
7 |Yerdical Amplitude Test, CH1, 3% 294 F.08 3 W
2 |Vertical Amplitude Test, CH1, BV £.9l £.09 [ W
3 |Yerdical Amplitude Test, CH1 15 Y 14_77 15.23 15 W
10| vertical Amplitude Test, CH1, 30 % Z9_EL 30,45 20 W
Status: Taking measurement, averaging...
-Progress Information
I_Egtj[nated Time Remaining = 32 Secs | |(NENENENERENEDEEN

Figure 8. Test/Results ActiveCal Control - Paused

| Vertical Amplitude, Ch2, 10 m¥ to 10 Vidiv |

Run | Repeatl

- Calibration Data Tahle

FAILURE DETECTED

<Repeat= run again>, <Resume = continue>, or <Abort = stop>

Resume | Abort |

Function Tested Lower Limit Upper Limit Hominal Units | Measured | Pass/Fail
1 |Yerical Amplitude Test, CHZ, 30 my 29._55 30.45 30 m 30.240 PASS
2 |Yerical Amplitude Test, CH2 Es.1 E0.9 &0 mi &0._28 PASS
i Yertical Amplitude Te 47. Lt
4 |Yerical Amplitude Test, CH2, 300 m 235.5 F04.5 300 mi
& |Yerical Amplitude Test, CH2, 600 m' E91 039 00 mi
& |Vertical Amplitude Test, CH2, 1.5 W 1.47 1.5z 1 W
7 |Yerical Amplitude Test, CHZ, 3% Z2.94 308 e W
2 |Vertical Amplitude Test, CH2, 6 W £.21 £.09 g W
3 |Wertical Amplitude Test, CH2, 15 % 14.77 15.23 15 W
1o|%erical Amplitude Test, CHZ2, 30 % 29_5E 30._4E5 =0 W

Status: Taking measurement , averaging...

—~Progress information

 Estimated Time Remaining = 38 Secs

Figure 9. Test/Results ActiveCal Control — Fail Detected

The Test/Results ActiveCal Control has various interface methods for communicating with the
user to display messages or to get data from the user. A status line is used to display the current
status of the testing, i.e. what operation is currently being performed by the automation code.
This status line is under the data table in the Test/Results ActiveCal Control. Furthermore, a
note area is available to display messages that may have to remain for an extended period of
time, i.e. warnings about the presence of high voltage during the tests. The note area is located
between the Pause (Repeat) button and the Resume button.
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Also, via system mnemonic commands, messages using popup boxes can be displayed to the
user, the user can be asked to input data manually, and there is capability for the user to adjust an
equipment parameter through automation code to look for a certain indication.

Further functionality for the Test/Results ActiveCal control (and the other controls as well) is
planned to be added through the use of an external DLL library, if required. This DLL library
may contain special functions related to a single instrument, thus not requiring the ActiveCal
controls to be updated for specific models.

2.2.2 Results ActiveCal Control

The Results ActiveCal Control in Figure 10 provides the user with three options: print the
results, save the results to a file, and view the results on-screen. Furthermore, an option is
available to display all results or only those results where a failure occurred during testing.

Future implementation plans call for the test data generated to be collected after the execution of
each procedure to a centralized database for eventual analysis to support intervals, failure modes,
and other applications where test result data is required.

| Results Options |
-Results
Brint Results Save Results Yiew Results
-Data Options
¥ View ALL Results ™ Wiew Only FAIL Results
~Information
Print'Save/View Test Results | | ActiveCal PAC V1.0.40

Figure 10. Results ActiveCal Control

3.0 Automated Procedure Development Environment

3.1 Automated Procedure Editor

To populate the Test/Results control, an automated procedure editor was developed to build the
test sections and test sequences necessary to perform automated testing of test instrument
parameters. Figure 11 shows the overall automated procedure development environment and the
interaction of the procedure editor program with the data tables and the Test/Results ActiveCal
Control. The procedure developer uses the procedure editor program to develop test sequences
using standardized mnemonics to specify all procedure actions. These mnemonics are cross-
referenced either to an instrument bus command or to a system subroutine to perform a specific
task. The system subroutine tasks can vary from a simple wait statement to storing a measured
value for later computation or comparison.
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Automated
Procedure Editor
Data Tables
Test Section Editor
Equipment
Mnemonics Visual Basic
System
Test Sequence ySien
. Subroutines
Editor System
Mnemonics
Mnemonics ﬂ
Editor/Manager @
Test/Results
ActiveCal
Control

Figure 11. Automated Procedure Development Environment

The automated procedure editor is a program used by non-programmers to populate and test the
Test/Results ActiveCal Control in each test section of the automated procedure. The procedure
editor develops test sequences that track the module structure of the manual component of the
procedure. The procedure editor performs the following functions: test section editor, test
sequence editor and mnemonics editor/manager.

Figure 12 shows a screenshot of the procedure editor showing both the Test Section Editor
(Labeled #1 and #2) and the Test Sequence Editor (labeled #3).
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m Activecal Procedure Editor - Version: 1.0.29

File ICP TestSections Sequence Tllnfo Models Mpemonicz Tools Editor Options Help

ICPs ICP Test Section Add New Test Change Col - .
[17-208w-001 =|/[ [ vertical Amplitude, Ch1. 10 m¥ to 17| Section Titles X
—ICP Test Section - Vertical Amplitude, Chl. 10 m¥ to 10 ¥/div
Test Description Sequence Hame Hominal Units Lower Limit Upper Limit | Param] Param? Parama
Tl Setup for Vertical Amplitude TiWerticaldmpltudeSetup
CH1

Calibrator Setup far Yertical Amplitude CalibratoryeticalbmplitudeSetup

10w

Yertical Amplitude Test, CH1, 30 mY Yertical Amplitude Test

[ li|e|s]v

1
Werlical Amplitude Test, CH1, 60 my ‘ertical Amplitude Test B0 iy 531 E0A 20 1
Wertical Amplitude Test, CH1, 150 mY ‘ertical Amplitude Test 150 s 1477 1523 B0 v 1
ertical Amplitude Test, CH1, 300 my Werlical Amplitude Test 300 i 2955 3045 100 my 1
Wertical Amplitude Test, CH1, 600 mY ‘ertical Amplitude Test 600 I 54 E09 200 mW 1
Werlical Amplitude Test, CH1, 1.6Y ‘ertical Amplitude Test 15 W 147 152 500 i 1

[« [

~ Test Sequencer - Vertical A je Test T~ “Wiew All Sequences for this Test Section
ll | [Test Type E quipment Type Command _ _ _ Comments
p |Setup STYSTEM SET_STATugSetting Tl vertical scale and calibrator voltage. .| Display status message
LI Setup Tl WERTical_SCALe(<Param1y <Paramz:) Set Tl vertical scale
] Setup 9500-E000PTS WOLT age(<Marminals] Set Calibratar voltage
| | Setup STYSTEM WAIT[1000] Wait after setting Calibrator voltage
selM Setup Tl AVERage STATEON] Tum &veraging On
Setup SYSTEM SET_STATus(T aking measurement , averaging...) Digplay status message
Update Setup SYSTEM i T[4000) Wit 4 seconds
WERIFY Tl ME&Sure_MEAN(<ParamZs] Take Mean measurement

Figure 12. Test Section Editor and Test Sequence Editor Screenshot

3.1.1 Test Section Editor

The test section editor performs three main functions: manage and arrange the test sequences,
manage parameter data passed to the test sequences, and edit the test tolerances. The test section
editor works in conjunction with the test sequence editor to develop all the test sequences used in
the procedure.

The top part of the test section editor, labeled as #1 in Figure 12, allows for the selection of the
Instrument Calibration Procedure (ICP), the selection of the ICP Test Section to edit, and the
addition of new tests. The bottom part of the test section editor, labeled #2, is the sequence
manager. The sequence manager controls the order of the test sequences, specifies the sequence
for each test, enters the test tolerances, and passes parameter variables to the test sequencer. The
flow of the sequence manager is designed to emulate the structure of the manual procedure.

3.1.2 Test Sequence Editor

The test sequence editor, labeled as #3 in the Figure 12 screenshot, displays and edits the active
sequence. The active sequence in the example is called Vertical Amplitude Test. The sequences
are a series of commands which consists of mnemonics to perform an action.
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3.1.3 Mnemonics/Editor Manager

The mnemonics editor/manager lets the procedure developer add, delete, and/or update
mnemonic information including the cross-referenced bus commands.

3.2 Navy Mnemonic Structure

The environment mnemonic structure of the ActiveCal technology is based on the Standard
Commands for Programmable Instruments (SCPI)" command architecture. ~SCPI was
developed for programming consistency between instruments of the same class and functional
capability. For example, SCPI has a common command set for electronic counters to measure
frequency, regardless of the counter model or manufacturer. In addition, an oscilloscope can use
the same frequency command as the counter to measure frequency.

The U.S. Navy programming environment uses standardized mnemonics that emulate the SCPI
command structure to achieve the SCPI goal of consistent commands for the same equipment
class or functionality. This is achieved by using an equipment look-up table which contains the
U.S. Navy mnemonic referenced to the bus command of a specific model. The environment also
uses standardized mnemonics for system commands which are not directly related to a specific
instrument.

The procedure developer selects the mnemonic while developing a sequence in the test editor.

Figure 13 shows the relationship between the mnemonic entered by the procedure developer in
the test editor with the database tables for the equipment and system mnemonics.
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Database

I Equipment Look-Up Table I
| |
| Mnemonic Model Bus Command I
: Frequency 33120A FREQuency :
I | Frequency 8340A CW :
|
1 | Measure Voltage AC 34401A | FUNC'VOLT:AC';:READ?| |
: Measure_Voltage AC 8840A F2? :
Editor Command | :
Mnemonic ! System Look-Up Table :
I Mnemonic Routine :
: Set_Status Routine to display a text message I
1 |
I Compare_Percent Routine to compare a current |
: - measured value with a stored value :
! . Routine to set the IEEE-488 boardtoa | !
: Set_Timeout specified timeout period :
1 |

Figure 13. Mnemonic to Database Architecture

This common mnemonic structure provides several key benefits. The procedure developer does
not have to work with a multitude of instrument bus commands, thereby simplifying and
streamlining the procedure development. Equipment substitution is built-in by utilizing
mnemonics which apply to the same instrument class or for instruments that have similar
functionality.

The mnemonic command structure lends itself to the sequence driven procedure environment for
re-useable standardized sequences and measurement methods. The mnemonic/sequence
structure facilitates quicker procedure development while maintaining a standardized
measurement method library in a database.

3.3 Development Testing Capability

The Automated Procedure Editor has a test mode that lets the procedure developer test the
current test section. This mode launches the Test/Results ActiveCal Control with additional
developer options to allow for sequence-by-sequence testing to examine the Mnemonic to IEEE
bus command information, database re-initialization, equipment setup functions and other test
execution options. Also, the test mode facilitates debugging of test sequences during
development. Figure 14 shows a sample test section being run in the test mode.
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| Vertical Amplitude, Ch1, 10 m¥ to 10 Vidiv |

Run | Pause | Resume| | Abort |
-~ Calibration Data Tahie
Function Tested Lower Limit Upper Limit Hominal | Units | M ed | PassFail
1 |%ertical Amplitude Test, CH1, 30 mY 29._5L 30.45 30 my
Zz |“erical Amplitude Test, CH1, 60 mY £9.1 E0.9 (=] my
2z |Yerical Amplitude Test, CH1, 150 mY 147.7 15z2.3 150 my
4 |%Yerical Amplitude Test, CH1, 300 mY Z85.58 304.5 300 my
& |Yerical Amplitude Test, CH1, 600 mY 59l s03 00 m
& [Werical Amplitude Test, CH1 1.5 % 1.47 1.52 1.8 W
7 |Yertical Amplitude Test, CH1, 3% Z.94 306 3 W
2 |“erical Amplitude Test, CH1, 6% £ .91 .09 [ W
3 |Yerical Amplitude Test, CH1, 15 % 14.77 15.23 15 W
10|%erical Amplitude Test, CH1, 30 % Z3.55 30.45 30 W
Status: ActiveCal CAC ¥1.0.432
- Progress Information
T i
| 10 Test Points [l
Beload Data | |CP}Equipmen‘t Se‘tup | ™ | Dizplay Mnemonc/Command for each Sequence
[~ Execute Row 4l Sequences)
™ Maormal Made [ Test Mode Set Test Made I I Ewxecute from Start to stark of Current Row
.
Mest Section: | [~ Execute from Current Row to End E 1'
Reset Instruments | Xl
Mnemonic HModel Cage Busz Command
Find Bus Command | | I I I

Figure 14. Test Mode Sample Display

4.0 Summary

The U.S. Navy requires a robust calibration procedure development environment to develop,
maintain, and publish calibration procedure data for both automated and manual calibrations.
The automation provided by embedding ActiveX components into an XML document provides
cost effective calibration support for a wide variety of U.S. Navy test and measurement
equipment. ActiveX technology allows for the XML document based procedure format to
handle automation tasks where feasible or necessary. The environment under development
utilizes a database to store and maintain all the calibration procedure data necessary to publish an
XML document which contains both automated and manual procedure components.

The ActiveX controls embedded in the XML document perform the necessary automation tasks
and are populated by an automated procedure editor. A standardized mnemonic format
emulating SCPI is used to standardize the test commands to enable non-programmers to write
automated test sequences. The XML calibration procedure consists of modules stored in a
database, which provides for measurement method standardization, rapid procedure development
through the re-use of test sections or test sequences, and built-in data formatting without the need
for word processing. By moving to a database driven automated procedure technology, the U.S.
Navy expects to realize significant savings in both development times of automated calibration
procedures and their maintenance.
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