Radiometer Calibration and
Characterization (RCC)
User’s Manual

Windows Version 4.0

Afshin M. Andreas and Stephen M. Wilcox
National Renewable Energy Laboratory

NREL is a national laboratory of the U.S. Department of Energy
Office of Energy Efficiency & Renewable Energy
Operated by the Alliance for Sustainable Energy, LLC

This report is available at no cost from the National Renewable Energy
Laboratory (NREL) at www.nrel.gov/publications.

Technical Report
NREL/TP-3B10-65844
February 2016

Contract No. DE-AC36-08G028308



iiNREL

NATIONAL RENEWABLE ENERGY LABORATORY

National Renewable Energy Laboratory
15013 Denver West Parkway

Golden, CO 80401

303-275-3000 « www.nrel.gov

Radiometer Calibration and
Characterization (RCC)
User’s Manual

Windows Version 4.0

Afshin M. Andreas and Stephen M. Wilcox
National Renewable Energy Laboratory

Prepared under Task Nos. WU1D.5600, ST6S.0810, and
3B10.3000

NREL is a national laboratory of the U.S. Department of Energy
Office of Energy Efficiency & Renewable Energy
Operated by the Alliance for Sustainable Energy, LLC

This report is available at no cost from the National Renewable Energy
Laboratory (NREL) at www.nrel.gov/publications.

Technical Report
NREL/TP-3B10-65844
February 2016

Contract No. DE-AC36-08G028308



NOTICE

This report was prepared as an account of work sponsored by an agency of the United States government.
Neither the United States government nor any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States government or any agency thereof.

This report is available at no cost from the National Renewable Energy
Laboratory (NREL) at www.nrel.gov/publications.

Available electronically at SciTech Connect http:/www.osti.gov/scitech

Available for a processing fee to U.S. Department of Energy
and its contractors, in paper, from:

U.S. Department of Energy

Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831-0062

OSTI http://www.osti.gov

Phone: 865.576.8401

Fax: 865.576.5728

Email: reports@osti.gov

Available for sale to the public, in paper, from:

U.S. Department of Commerce
National Technical Information Service
5301 Shawnee Road

Alexandria, VA 22312

NTIS http://www.ntis.gov

Phone: 800.553.6847 or 703.605.6000
Fax: 703.605.6900

Email: orders@ntis.gov

Cover Photos by Dennis Schroeder: (left to right) NREL 26173, NREL 18302, NREL 19758, NREL 29642, NREL 19795.

NREL prints on paper that contains recycled content.


http://www.osti.gov/scitech
http://www.osti.gov/
mailto:reports@osti.gov
http://www.ntis.gov/
mailto:orders@ntis.gov

Acknowledgments

The authors thank Ibrahim Reda, Thomas Stoffel, and Daryl Myers for their technical expertise.
In addition, we thank the staff from the National Renewable Energy Laboratory’s Solar
Radiation Research Laboratory and the U.S. Department of Energy’s Atmospheric Radiation
Measurement Program Southern Great Plains site for beta testing the software during normal
Broadband Outdoor Radiometer Calibrations operations including Peter Gotseff, Preston Morse,
Mike Dooraghi, Craig Webb, Aron Habte, Mark Kutchenreiter, and Rod Soper. We also thank
Linda Crow for reviewing and properly formatting this manual.

i1

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



List of Acronyms

ACM
ACO
ACR
AIM

AOD
ASR
BAR
BORCAL
CAL
CALDAT
CAV
CD-ROM
CFG

DC

DIR
DMM
DSN
DVM
ENICR
GPIB
GPS
HUM

D

INV

IR

ISO
JBOX
LGR

LW
MCO
MET
PDF
PWV
PYG
RAP-DAQ
RCC

REF
RES
RES4
RH
RLY
RS
SHD

Combo ACO and digital voltmeter
Automatic ACR control unit

Absolute cavity radiometer

Atmospheric Radiation Measurement Program
Instrument Management system

Aerosol optical depth

Atmospheric stability monitor

Barometer

Broadband Outdoor Radiometer Calibration
Calibration

Calibration data

Cavity

Compact disk read-only memory
Configuration

Direct current

Direct normal (beam) pyrheliometer

Digital multimeter

Data source name

Digital voltmeter

Effective net infrared corrected responsivity
General purpose interface bus

Global Positioning System

Hygrometer

Identification

Inventory

Infrared

International Organization for Standardization
Junction box

Data logger

Longwave

Manual ACR control unit

Metrological

Portable Document Format

Precipitable water vapor

Pyrgeometer

Reda-Afshin-Pete Data Acquisition model
Radiometer Calibration and Characterization
software

Reference

Resistance (two-wire)

Resistance (four-wire)

Relative humidity

Relay (for data logger)

Responsivity

Shaded test pyranometer

v

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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1 Introduction

The Radiometer Calibration and Characterization (RCC) software is a data acquisition and data
archival system for performing Broadband Outdoor Radiometer Calibrations (BORCAL). RCC
provides a unique method of calibrating broadband atmospheric longwave (LW) and solar
shortwave (SW) radiometers using techniques that reduce measurement uncertainty and better
characterize a radiometer’s response profile. RCC automatically monitors and controls many of
the components that contribute to uncertainty in an instrument’s responsivity.

The word characterization in RCC refers in part to the generation of multiple responsivities for
an instrument based on solar position, atmospheric conditions, and/or environmental conditions.
The characterization is not exhaustive, and other factors can affect an instrument’s responsivity.
Additionally, RCC maintains a database that holds historical information about each instrument
and its calibration profile. A long-term calibration history can be used to analyze an instrument’s
response characteristics by comparing current results to previous results.

1.1 Database

RCC is built around a Microsoft Access database that serves not only as an archive of historical
instrument calibration information but also forms the basis of the BORCAL event configuration.

RCC treats the BORCAL process in a hierarchical fashion, and the storage of the information for
a BORCAL follows in much the same manner:

e For a given calibration center, there may be multiple BORCALS.

e For a given BORCAL, there may be multiple data acquisition sessions.

e For a given session, there may be multiple scan groups with a variety of configurations.

e For a given scan group, there may be multiple instruments.

e For a given instrument, there will be multiple data points and associated reference,
measurement equation, and/or environmental data.

In addition, a BORCAL can be either LW or SW. Both types possess the same hierarchy
mentioned above.

The RCC database maintains information about all levels of this hierarchy, and it can yield
information relating to any level. For example, for any data acquisition session, information
would be available for scan groups, their configuration, the instruments within the group, and
even for the data collected. Other information at the same level may be extracted (for example,
from other sessions) or from different levels in the hierarchy.

Although instruments appear at the bottom of this hierarchy, the database was designed around
the need for information about instruments. To meet this need, the database contains information
about all instruments ever calibrated by RCC, starting with the most fundamental information:

e Manufacturer and model

e (Customer
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e (General comments about the instrument.

In addition, information specific to an instrument’s calibration history is available:

e Raw data from the instrument
e All previous responsivities
e Associated statistics for the responsivities (number of data points, uncertainty, etc.)

e The RCC configuration for every data point used to determine any responsivity
including:

o Reference instruments

o Sample interval

o Physical location of each instrument and its signal-cabling details
o Other instruments in the same scan group

o Operator(s) on duty during the calibration event.

The database also allows inspection of data from the perspective of a BORCAL:

e Site location
e Average temperature, humidity, and other atmospheric conditions.

The database is designed as a documentation tool for instrument calibration. To this end, the
database includes open-ended comment fields that allow operators to enter detailed documentary
information about an instrument, a BORCAL, or even comments unique to a particular
instrument’s performance in a specific BORCAL. The comments are permanently stored in the
database, and they are included in the printed calibration reports.

1.2 Shortwave Data Acquisition

The RCC data acquisition module controls the scanning of instruments by the data logger and
does real-time analysis of incoming instrument data for anomalous or undesirable conditions.

Information in the database specified by the BORCAL-SW operators is used to configure a data
acquisition session. This configuration information includes the identification of reference
instruments, control instruments, all test instruments, instrument tilt, specified scan intervals, and
instrument cabling. Test instruments may be configured independently from one another (for
example, at different tilts). The data acquisition sessions range in time from a few minutes to
perhaps several hours. During a session, the configuration of the instruments remains static: no
instruments may be added, moved, or deleted, and no other parameters may be changed.

Prior to the first BORCAL-SW data acquisition session, RCC automatically segregates
instruments into scan groups by instrument type (manufacturer and model), tilt configuration,
and associated pyrgeometer (if used) for the best data acquisition uniformity. A scan group is a
collection of instruments that are sampled one immediately after the other by the data logger
during a period of 1 to 2 seconds. Scanning is the fastest way to obtain measurement data by the
logger, yet scans still require a finite amount of time to measure each instrument. To minimize
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the amount of time between the scan of the reference instruments and that of the test instruments,
RCC scan groups are limited in size to 10 instruments. To further minimize the time differential
between the reference instruments and the test instruments, the system initiates the reference
absolute cavity radiometer (ACR) reading at the same time it initiates a scan of the test
instrument group, and the two diffuse reference instruments are included in the scan group of the
test instruments.

Atmospheric stability plays a significant role in the calibration of solar radiometers. Because of
variations in the response times of different instrument types to changes in the solar irradiance, a
stable atmosphere is critical for valid comparisons between test and reference instruments. A
fast-responding, silicon-based radiometer along with the cavity and diffuse radiometers are
sampled by RCC up to 60 times per minute to provide information on the stability of the solar
radiation intensity being sensed by all instruments in a BORCAL. The output from this
atmospheric stability radiometer (ASR) group is analyzed and scored for variability. The ASR
score for each measurement is stored with the data record and used to filter undesirable data from
that used to determine an instrument’s responsivities. It is also part of the uncertainty estimate
for the measurement.

As revealed by the hierarchy described above, the smallest unit of data acquisition is a
measurement from a test instrument coupled with the associated data from the reference and
ASR instruments. At this level, RCC examines the data for its suitability for inclusion in the final
data set used to determine responsivities. The purpose of this examination is twofold: first, when
the signal from an instrument strays from expected values, the data will be flagged as
questionable, and, second, the BORCAL-SW operator will be alerted to a potential problem.
Typical situations that should be detected include tracker misalignment (for both the direct
normal and the shaded disk reference instruments), foreign matter or objects obstructing an
instrument’s field of view (such as airborne material, birds, or insects), and signal cable
problems. This system of alarms and flagging helps prevent bad data from being included in the
computation of a calibration factor and speed rectification of the problem that caused the alarm
and thus prevent further data loss.

To aid in identifying data acquisition problems, RCC provides real-time graphing of the
incoming data. This capability allows the operators to monitor the output of any instrument and
compare it to similar instruments that should show a corresponding measurement profile. In
addition, the system provides information about error conditions, such as the instruments
involved, time of the error, and the associated data. This helps the operators troubleshoot the
error and speed resolution of the problem.

During a period of 1 hour or more, the responsivity of the ACR tends to shift (particularly with
ambient temperature and irradiance level), adding error to the responsivities derived for the test
instruments. To minimize these errors, data acquisition sessions must be periodically stopped for
a short time to recalibrate the ACR. This calibration is scheduled at specified intervals, and it is
performed automatically by RCC. The operator has the option of overriding the scheduled
calibration to perform an ACR calibration at any time; however, the system schedules the
calibrations to maximize the quantity of data available for the responsivity calculations.

3

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



The software mandates an electrical calibration of the ACR at the beginning and end of each data
acquisition session. To minimize the effect of any drift, the calibration factors for the ACR are
interpolated between session beginning and end. RCC accomplishes the electrical calibration
process by directly controlling the ACR’s operating mode and making direct readings from the
radiometer’s digital voltmeter. The voltages are rapidly sampled during a short period of time for
an average value, and all of the readings are stored with the session data for archival purposes.

1.3 Longwave Data Acquisition

The RCC data acquisition module controls the scanning of instruments by the data logger and
does real-time analysis of incoming instrument data for anomalous or undesirable conditions.

Information in the database specified by the BORCAL-LW operators is used to configure a data
acquisition session. This configuration information includes the identification of reference
instruments, control instruments, all test instruments, specified scan intervals, and instrument
cabling. One data acquisition session consists of an entire night (or less if the data collection is
stopped). During a session, the configuration of the instruments remains static: no instruments
may be added, moved, or deleted, and no other parameters may be changed.

For BORCAL-LW, all instruments are scanned in one group; they are not segregated into groups
like BORCAL-SW because the LW radiation does not change as rapidly as the SW radiation.
Also, RCC conducts a scan of the reference prior to and after scanning the instruments. If the
change in reference conditions exceeds the configured threshold, the data will be rejected during
final processing. For data that is accepted, the average of the two reference scans is taken.

As revealed by the hierarchy described above, the smallest unit of data acquisition is a
measurement from a test instrument coupled with the associated data from the reference and
ambient temperature. At this level, RCC examines the data for potential problems, but it does not
flag or reject test instrument data (unless there are stability problems with one or more reference
instruments during the duration of the scan). RCC will only produce alarms for stability issues of
test instruments and large deviations of test case temperature (and dome temperature if available)
compared to ambient temperature. Because the LW events are at night, these alarm conditions
are also recorded to disk for review the next day for potential problems.

To aid in identifying data acquisition problems, RCC provides real-time graphing of the
incoming data. This capability allows the operators to monitor the output of any instrument and
compare it to similar instruments that should show a corresponding measurement profile. In
addition, RCC provides information about error conditions, such as the instruments involved,
time of the error, and the associated data. This helps the operators troubleshoot the error and
speed the resolution of the problem.

1.4 Shortwave Instrument Responsivities

An instrument’s responsivity is defined as the signal generated by the radiometer (microvolts)
per unit of input stimulus (solar irradiance in W/m?). Conventional calibration procedures
produce a single responsivity for an instrument, and RCC produces this conventional number for
both pyranometers and pyrheliometers. In addition, RCC makes a significant impact on reducing
measurement uncertainty by characterizing the instrument’s sensitivity to variations in the
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position of the sun relative to the instrument. Solar radiometers typically exhibit a characteristic
response profile that varies with solar azimuth and zenith angles. By deriving responsivities for
multiple azimuth and zenith combinations, the opportunity is provided to reduce the uncertainty
of subsequent measurements of solar radiation.

RCC provides several responsivities for instruments; each are derived using a different method,
and each characterizes the instruments in different ways. (Each characterization is duplicated for
instruments configured for the Effective Net Infrared Corrected Responsivity, or ENICR.)

¢ Single-number responsivities

o Forty-five-degree responsivity: the instrument’s responsivity at a zenith angle of
45° + 0.3°. This narrowly characterized number minimizes the variables that can
affect responsivity, and it is useful for illuminating a shift in sensitivity over time.
This number may not be representative of the instrument’s responsivity at other
zenith angles.

e Multidimensional responsivities

o Two-degree responsivities: a set of responsivities derived at +0.3° from even
zenith angles in the BORCAL event’s zenith angle range (e.g., 0°, 2°,4° ... 90°).
There are two sets of two-degree responsivities: one for a.m. and one for p.m.

o Two-degree a.m./p.m. averaged responsivities: provided to the user as a
convenience and do not appear in the calibration certificate (only in the
Atmospheric Radiation Measurement Program Instrument Management System
(AIM database) or as requested)

— Missing bins within the range of valid zenith angle bins are interpolated
between existing values (for both a.m. and p.m.).

— Missing bins beyond the range of valid zenith angle bins are extrapolated
by repeating the same value that is available at the beginning and end of
each available range for both a.m. and p.m.

— Finally, the a.m. and p.m. values for the same bin are averaged together to
produce the final result for every bin between 0 and 90.

o Spline fit for the a.m. and p.m. two-degree responsivities in the traceable valid
zenith angle range.

e Multidimensional responsivities for pyranometers (obsolete)

o Responsivity function: a 49-degree polynomial in cosine (z) fitted to all available
two-degree responsivities plus three extrapolated values at —2°, 92°, and 94°."

— Missing bins within the range of valid zenith angle bins are interpolated
between existing values.

— Missing bins beyond the range toward —2 degrees are extrapolated along a
cosine curve for both a.m. and p.m. bins, then the a.m. and p.m. values for

! These are obsolete results, and they are not included in the calibration certificate; however, they are posted in the
AIM database. In a future release of RCC, these results will be removed.
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each bin are averaged, and that average is used for both the a.m. and p.m.
bin values.

— Missing a.m. and p.m. bins beyond the range toward 94° are extrapolated
independently along a cosine curve. The curves are prevented from going
negative or from continuing with a positive slope beyond 86°. In such
cases, the curve is “mirrored” or reversed.

o Latitude-optimized: a set of weighted numbers by latitude derived by including
only the solar geometry characteristics encountered at a given latitude. (These are
derived from the responsivity function.)?

1.5 Longwave Instrument Coefficients

RCC uses multivariate linear regression to calculate three coefficients (four for instruments with
dome temperature) to produce results with higher accuracy. In addition, RCC uses a unique
method for data rejection. After rejecting data when reference conditions are unstable, the post-
processing routine will iteratively compute the residual (i.e., reference irradiance minus test
irradiance) using computed coefficients then reject data points that fall outside the configured
standard deviations (typically three times standard deviation). The final data set will be used for
the regression to calculate the final reported coefficients. This assumes that a higher percentage
of the data is acceptable when rejected data could have occurred because the sensors were not
clean or because the atmospheric conditions were not stable.

RCC provides two sets of coefficients: one with the KO coefficients forced to zero and the other
with a value. Although the KO-forced to-zero method may not be as accurate, some end users
prefer this option.

1.6 Reporting

The RCC system provides several reporting functions:

e (alibration certificates: documents that conform to International Organization for
Standardization (ISO) 17025 standards for reporting calibration results, calibration
environment, and ancillary data. These include a plot of the calibration data and a table of
two-degree responsivities for BORCAL-SW.

e Suggested deployment methods: data sheets that describe the various responsivity
characteristics noted above (optional, for BORCAL-SW only)

e Full report: a document that compiles the certificates and suggested deployment methods
for all instruments in a BORCAL along with the BORCAL operator logs (for BORCAL-
SW only) and instrument comments

e Customer report: a document similar to the full report but containing only information for
a customer’s particular instruments.

In addition to the above hard-copy reports, RCC allows an analyst to examine instrument data
on-screen.

2 These are obsolete results, and they are not included in the calibration certificate; however, they are posted in the
AIM database. In a future release of RCC, these results will be removed.
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2 Hardware and System Requirements
The RCC system runs under Microsoft Windows XP 32-bit, 7 32-bit, and 7 64-bit (XP 64-bit,

Vista, 8, and 10 have not been tested).
e Required

o Dual-core central processing unit with speed as required by the operating system
(Four-core or more is recommended.)

o Minimum 1 gigabyte memory for 32-bit operating system and 2 gigabyte memory
for 64-bit operating system (Four gigabyte or more is recommended.)

o Compact disk read-only memory (CD-ROM), universal serial bus (USB), or
network connectivity for initial installation

o Disk drive with several hundred free megabytes
o Monitor with minimum resolution of 1,024 x 768

o General purpose interface bus (GPIB) or RS-232 communications ports as
required

o Data logger with low voltage measurement capability (resistance also required for
BORCAL-LW)

=  Fluke Helios Plus 2287A (obsolete)

= National Renewable Energy Laboratory’s Reda-Afshin-Pete Data
Acquisition model RAP-DAQ (contact NREL for more details)

o Eppley HF ACR with one of the following:

= Eppley Model 406 control unit with HP34401A or DP100 voltmeter
(obsolete)
= Eppley 408M control unit
= National Renewable Energy Laboratory’s model Reda control unit
(contact NREL for more details).
o National Instruments LabWindows/CVI SQL Database Driver Run-Time License
(777151-011)

e Optional
o Global Positioning System (GPS) unit for maintaining computer clock time
= Hewlett-Packard or Symmetricom 58533 A (obsolete)

»  Symmetricom XLi Time and Frequency System with GPS timing engine
and lightning arrestor (1510-602, 87-8028-2, 150-709).

o Temperature, humidity, and barometric pressure sensors (BORCAL-LW requires
the temperature sensor.)

o Microsoft Word for viewing this document online
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o BullZip Portable Document Format (PDF) printer driver for generating PDF
versions of reports

o Adobe Acrobat Reader (or compatible viewer) for viewing PDF reports

o Uninterruptible power supply for maintaining computer operations and data
integrity in the event of a power failure

o Fast printer (color laser preferred) for printing reports.
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3 Program Installation

RCC is provided on a CD-ROM. To install the program, insert the CD into the drive. If the
install screen does not appear within a few seconds, navigate from the Start— Run menu to the
setup.exe program in the CD root directory, and run the program by double-clicking on the setup
icon.

3.1 Standard Setup

When the install wizard appears after running the setup program, you may change the default
installation directory by entering a new name in the field for the Installation Directory.

Click on Finish to install the RCC. When the installation is complete, a pop-up message will
appear stating that the installation was successful. In some cases, the program may indicate that
you need to reboot your computer. Click on Okay, and if necessary reboot your computer.

The setup program creates a shortcut in the start menu, but it does not install a shortcut on the
desktop. If desired, you may create a desktop icon for RCC:

e Navigate to the Start—RCC—RCC icon.

e Right-click on the icon, drag it to the desktop, and release.

3.2 Custom Setup

If you want to install multiple copies of RCC (for instance, when maintaining more than one
calibration facility, each with its own database and data files), you will need to install the
program for each facility.

You must first create a temporary installation directory to run the setup program:

e Insert the CD in the drive. If the installation program self-starts, cancel the installation.

e Using Windows Explorer, create a temporary installation directory (this directory cannot
have a space character in its name), and copy all files from the CD root directory to the
temporary installation directory.

e Using Windows Explorer, navigate to the CD. Right-click on Open the CD to open a
browser window from its root directory.

e Using Windows Explorer, change the read-only attribute of the rcc_db.ini file (on the file
name or icon, right-click on Properties, and uncheck the Read-Only attribute).

For each installation, follow these steps using the temporary installation directory created above:

e Open the rcc_db.ini file by double-clicking on the file name.

e Look for the line DSN=RCC, and change RCC to a unique name related to the facility
(such as RCC Site A). Make a note of this name for use in a following step.

e Change the description line if desired.

e Save the edited rcc_db.ini file.
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¢ Run the setup program from the same temporary directory.

e In the Setup screen, change the default directory to a unique name related to the facility,
and click on Finish.

e After the installation is complete, click on Okay.

e Navigate to the Start—RCC—RCC icon. Right-click on the icon, and drag it to the
desktop to create a shortcut.

e From the desktop, right-click on the RCC shortcut icon, and select Properties. In the
Target field, append a space and a command-line argument to the existing program name
(right after RCC.exe) using the same unique name entered on the DSN line in the
rcc_db.ini file edited above. Click on Okay.

e From the desktop, right-click on the RCC shortcut icon, and select Rename. Enter a
unique name for the shortcut.

Note that each installation will overwrite the RCC icon in the start menu so it is necessary to
copy each installed icon to the desktop before starting another installation.

3.3 Initial Configuration

When RCC is first installed, most data tables are empty. When RCC is run under these
conditions, some database error messages may appear until the first BORCAL is established.
These messages can be ignored.

Follow these steps to properly initialize the data tables:

e In Edit—Database— Facility, configure your calibration site.
e In File—New Borcal, create a new BORCAL without using the template.

e In the resulting Session Configuration screen, select the newly established calibration
facility in the Facility Name field.

The session configuration screen can be closed at this point, and the start-up error messages
should no longer appear.

3.4 Uninstalling RCC

e Select Start—RCC— Uninstall (or if multiple copies are installed, navigate to the
directory containing the version to be uninstalled and double-click on the Uninstall icon).

e When asked about removing the LabWindows Runtime Engine, click on No if other
versions of RCC or other LabWindows programs are installed.

The uninstaller will not remove data files. You must remove those using Windows Explorer.

10

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



4 Program Start-Up

To start RCC, double-click on its program icon on the desktop or navigate from the conventional
Windows program start menu to the RCC program. This brings up the RCC main window,
shown below. All menu items are described later in this manual.

File Edit Acquisition Generate View Help

Shortwave Mode E&

Longwave | I” Auto Start Longwave BORCAL [ 2014-04
Shotwave Auto Start Shortwa
I Auto Start Shortwave Date [04/15/15

Time IDEI':15:'I'E

Zenith | 4734
Azimuth | 117.68

& -
' -
'é-# Ne=L Tit Inc:identl

Figure 4-1. RCC’s main window

Eﬁadiomter Calibration and Characterization T =
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5 BORCAL Event Types

There are two BORCAL event types: BORCAL-SW and BORCAL-LW. BORCAL-SW and
BORCAL-LW events can occur simultaneously, and they can start and stop independently.
BORCAL-SW and BORCAL-LW events are configured separately. These events will have the
same event numbers, but the SW and LW nomenclature is used to distinguish between them.
However, data collection does not occur simultaneously: SW data collection occurs during the
daytime, and LW data collection occurs during the nighttime.

An automatic feature will start and stop the events at the proper zenith angle as configured in the
system configuration. If the user wants to manually start the collection, configure an event, or
perform data processing, the user must first select the proper mode by using the switch on the left
of the main window for either LW or SW. The menu structure will change appropriately when
the user changes this switch.
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6 BORCAL Configuration

A BORCAL event consists of multiple data acquisition sessions. Each session is configured prior
to starting with all information necessary to correctly record measurements from the BORCAL
instruments. The session configuration is stored as a permanent record in the database.

A BORCAL-SW session, typically approximately 1 hour in length, is usually terminated for one
of three reasons: (1) the need for an ACR calibration, (2) increasing clouds or other unfavorable
conditions, or (3) the end of the day. A BORCAL-LW session, typically approximately 1 night in
length, is usually terminated for only one reason (although rare): unfavorable conditions. During
a session, no changes may be made to the instrument’s configuration or any other data
acquisition parameters. If such a need arises, the session must be terminated before the changes
can be made.

6.1 Session Configuration Overview

Prior to running a session, the operator must establish a session configuration. The session
configuration is a procedure by which the operator identifies the reference, ASR (for BORCAL-
SW only), test, control, and meteorological instruments as well as the conditions under which the
data acquisition proceeds.

The session configuration includes the following information:

e Reference and test instruments’ serial numbers
e (abling and data logger channel configuration
e Instruments’ locations

e Instruments’ scan intervals.

During an ongoing BORCAL, a new session is typically configured exactly as the previous
session, and no additional information is required; the operator needs only to start a session, and
the previous configuration is used. Additionally, for BORCAL-SW, a scheduled ACR calibration
will automatically end a session and start a new session without operator intervention.

However, the first session of the BORCAL must be completely configured using the session
configuration editor. The configuration can be started, saved, and later reopened for additional
work. If changes are made in instrumentation during a BORCAL (such as the addition or
removal of a test instrument), the changes must be reflected by editing the session configuration.

6.2 Minimum RCC Configuration for BORCAL-SW

A minimum RCC session configuration for BORCAL-SW requires the following instruments:

e An ACR and its associated control unit
e A diffuse pyranometer (mounted under a tracking disk)

e A silicon detector ASR (e.g., LI-COR LI-200)
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e Two test instruments (at a minimum, these would be configured as the two control
instruments listed below; typically, other test instruments would be included.)

¢ One control pyranometer (See Section 6.4 on Shortwave BORCAL-SW Control
Instruments.)

e One control pyrheliometer (See Section 6.4 on Shortwave BORCAL-SW Control
Instruments.)

e A data logger
¢ One or more pyrgeometers if any test instruments are configured for ENICR.

If the configuration does not contain the required instruments listed above, RCC will not
commence a session.

The following instruments are optional:

e Temperature sensor

e Humidity sensor

e Barometric pressure sensor
e GPS receiver.

Although the meteorological instruments are optional, temperature and humidity should be
omitted only because of extraordinary circumstances. RCC derives aerosol optical depth (AOD)
estimates from these measurements, which contain valuable calibration environmental data.

The figure below shows a schematic of the hardware components of RCC.
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Figure 6-1. Schematic of RCC’S BORCAL-SW hardware components

6.3 Minimum RCC Configuration for BORCAL-LW

A minimum RCC session configuration for BORCAL-LW requires the following instruments:

e At least one reference pyrgeometer
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e At least one test pyrgeometer
e A data logger

e A temperature sensor.
If the configuration does not contain the required instruments listed above, RCC will not
commence a session.

The following instruments are optional:

e Humidity sensor
e Barometric pressure sensor
e GPS receiver

e A test pyrgeometer designated as a control. (See Section 6.5 on BORCAL-LW Control
Instruments.)

Although some meteorological instruments are optional, humidity should be omitted only
because of extraordinary circumstances. RCC derives precipitable water vapor (PWV) estimates
from this measurement, which contain valuable calibration environmental data.

The figure below shows a schematic of the hardware components of RCC.
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Figure 6-2. Schematic of RCC’s BORCAL-LW hardware components

6.4 BORCAL-SW Control Instruments

BORCAL-SW control instruments are configured in the BORCAL as test instruments except that
they have the additional designation as control instruments. These instruments, which are used
only for calibration control, have a known and trusted calibration history and are included in
every BORCAL. This allows you to check the validity of the BORCAL results based on the
consistency of the control instrument calibration results. Although any instrument previously
calibrated by RCC can be designated as a control instrument, control instruments should be
selected based on a consistent and well-characterized calibration history that indicates stability
among calibration events.
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Because control instruments are used to demonstrate consistency from one calibration event to
the next, no provision in RCC is made to enter responsivity information for control instruments.
This restriction is enforced by mandating that a control instrument be included in a previous
calibration event. This restriction brings up the question of how to run the first BORCAL at a
calibration facility. Because the first-time start-up is a rare event, no formal provision has been
made for such an initial BORCAL. However, a special start-up BORCAL can be performed with
the assistance of the National Renewable Energy Laboratory that allows a site to create a set of
qualifying control instruments. The special start-up BORCAL includes:

e Importing temporary calibration records for the control instruments using nominal but
inaccurate responsivity values

e Running data acquisition under carefully monitored conditions. The resulting data set will
have many flags because the control instrument’s responsivities will create a mismatch
when used to compare a control instrument’s measured irradiance to the reference
irradiance.

e Forcing the inclusion of flagged data during processing and reporting.

This process creates a valid calibration record for each control instrument and allows a
conventional BORCAL to commence.

This restriction also underscores the need to designate spare control instruments that have
a current and representative calibration in the database. If a control instrument fails, the
backup could be placed into service without the need for the special start-up BORCAL
procedure.

BORCAL-SW control instruments are treated identically to test instruments with two exceptions:
(1) they are used for real-time quality checks of the reference instruments during data
acquisition, and (2) their current responsivity in the database is not updated (with this exception:
current responsivities for test instruments are made known by updating the Current BORCAL
field in the Radiometer Inventory table). However, the control instrument’s responsivities for the
calibration event are included in reports along with other test instruments. This approach
prevents an errant or flawed calibration event from corrupting the control instrument’s
responsivities and adversely affecting the real-time quality checks of future events.

If the need arises to update a control instrument’s responsivity, this is easily accomplished
by editing the Current BORCAL field for that instrument in the Radiometer Inventory
table.

6.5 BORCAL-LW Control Instruments

BORCAL-LW control instruments are configured in the BORCAL as test instruments except
that they have the additional designation as control instruments. These instruments, which are
used only for calibration control, have a known and trusted calibration history and are included
in every BORCAL. This allows for checking the validity of the BORCAL results based on the

3 The calibration history of all control reports are shown on all customer reports and on the full report in the section
on “Control Instrument History Plots,” which starts on page 4 of these reports.
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consistency of the control instrument’s calibration results. Although any instrument can be
designated as a control instrument, control instruments should be selected based on a consistent
and well-characterized calibration history that indicates stability among calibration events.
BORCAL-LW control instruments are treated identically to test instruments with no exceptions.*

6.6 Preliminary Information

Prior to configuring a BORCAL-SW session (particularly the first session of a BORCAL), locate
all of the SW instruments involved. The test instruments, reference and control instruments, ASR
instrument, and pyrgeometer if required should be mounted on the calibration platform or
trackers; the diffuse pyranometer(s) should be mounted under the tracking disk; and the
meteorological instruments should be installed. The pyrgeometer(s) should be mounted unshaded
as close as possible to the instruments using ENICR, and it should be ventilated if the ENICR
instruments are ventilated. Cable all instruments, and make data logger channel assignments.
Note all of the instruments locations, cable numbers (if applicable), and channel assignments.
The reference ACR should not be mounted until right before the data acquisition starts, but its
control unit configuration should be determined, and connections should be made to the RCC
computer. In a BORCAL-LW, all test and reference instruments should be collocated and
unshaded.

All configuration data are entered into the database using the database maintenance functions.
These functions are available by navigating from the Edit— Data Base menu or the
Edit—Borcal/Session menu. See Section 10.2 on Database Maintenance for a description of
entering or modifying database information.

Use the following guidelines to prepare the preliminary information.

6.6.1 Customers

These are the people or agencies who delivered the instruments for calibration. Provide each
customer’s name, contact person, address, and phone number. It is possible that the customer for
a particular instrument may change from one BORCAL to another. No specific provision is
made to track changes of the customer for each instrument; however, the customer history is
maintained in a field in the session configuration records for each BORCAL. Only the latest
information entered is retained in the instrument inventory table, and each instrument’s customer
defaults to this information when subsequently configured.

6.6.2 Location

This is the calibration facility at which the BORCAL is conducted. You must include the site’s
latitude and longitude in decimal degrees (to two decimal places), contact person, time zone,
elevation in meters, temperature in degrees Celsius, and station barometric pressure in millibars.
Latitude is entered as a positive number in the northern hemisphere and as a negative number in
the southern hemisphere. Longitude is negative west of the prime meridian and positive east of
the prime meridian. The time zone is the difference in hours between Greenwich Time and the
site’s local standard time, and by convention it is negative west of Greenwich and positive east

* The calibration history of all control reports are shown on all customer reports and on the full report in the section
on “Control Instrument History Plots,” which starts on page 4 of these reports.
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of Greenwich. Average temperature and barometric pressure are the nominal long-term average
values for the site.

6.6.3 Operators

These are the people who will be running the BORCAL data acquisition sessions. Include their
names.

6.6.4 Instrument Types

RCC requires an entry for each type of instrument included in a BORCAL including reference
instruments, cavity control units, and meteorological instruments. An instrument’s type is
defined by its manufacturer and model. In addition, enter a descriptive name for the instrument.
This is usually based on the manufacturer’s descriptive name—for example, precision spectral
pyranometer. For each type of radiometer, specify a maximum output voltage in millivolts for
the thermopile and the maximum resistance for the case and dome thermistors in kilo-ohms. This
is used for data logger scaling. It should be set so that the output voltage or resistance will never
exceed this value (which will cause data acquisition errors), and it should not be set too high and
force the logger to measure at a scale that is too high (causing an increase in measurement
uncertainty). If an instrument type can be configured for ENICR, then its infrared (IR) correction
should be enabled and the Generic Rnet value must be entered. The field for the estimated
thermal offset error is optional and used only for reporting purposes. Finally, determine how the
instrument will be used in the system. The table below lists and describes the available uses.

Table 6-1. Instrument Types

Use Code Description

TOT Total global (hemispherical) pyranometer
DIR Direct normal (beam) pyrheliometer
SHD Test pyranometer mounted under a shading disk (different from diffuse reference
instruments)
MCO Manual ACR control unit
ACO Automatic ACR control unit
ACM Combo automatic ACR control unit and digital voltmeter
CAV ACR
PYG Pyrgeometer
LGR Data logger (combo multimeter and relay system)
RLY Data logger (relays only)
TEM Thermometer
HUM Hygrometer
BAR Barometer
DVM Digital multimeter for cavity or data logger relays
GPS GPS receiver
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6.6.5 Data Logger
In addition to the data logger’s serial number, RCC requires the following information:

e Unit number: For relay (RLY) data loggers (that have a separate digital multimeter, or
DMM), this indicates the unit number, which is a number based on the physical wiring of
the relay/DMM to the available channels at the calibration facility. Multiple RLY-type
loggers are supported, and the unit numbers must be sequential starting with zero (the
highest unit number must be less than the total number of units). Combo loggers (LGR)
must be assigned unit number zero, and only one LGR-type logger is supported.

e System Offsets

o Volts DC: volt direct-current (DC) offset of the data logger system as a whole
(including meters, relays, and signal cabling) as determined during system short
testing

o Two-wire resistance: two-wire resistance offset of the data logger system as a
whole (including meters, relays, and signal cabling) as determined during system
short testing

o Four-wire resistance: four-wire resistance offset of the data logger system as a
whole (including meters, relays, and signal cabling) as determined during system
short testing

e (Calibration dates: date and due date of the instrument’s calibrations (including calibration
of multimeter and short tests if applicable)

e Communications parameters: parameters for the RS-232 communications port or GPIB
protocol for both the multimeter and relays (if equipped).

6.6.6 Reference Absolute Cavity Radiometer (BORCAL-SW Only)
In addition to the ACR’s serial number, RCC also requires specific information about the ACR:

¢ Unwindowed WRR reduction factor: World Radiometric Reference (WRR) or
intercomparison factor

e Unwindowed WRR uncertainty: uncertainty of the unwindowed WRR factor

e Windowed WRR factor: If the ACR is supplied with a window, enter the WRR factor
determined with the window mounted. If a window is not supplied with the ACR, use 1.0
for the correction factor.

e Windowed WRR uncertainty: uncertainty of the windowed WRR factor

e Manufacturer's correction factor: supplied by the manufacturer

e Heater resistance: resistance of the cavity heater (supplied by the manufacturer)

e Heater lead resistance: resistance of the heater leads (supplied by the manufacturer)

e Default sensitivity: ACR’s nominal sensitivity in mV/mW/cm? (supplied by the
manufacturer)

e Maximum voltmeter scale: lowest possible scale without risking overvoltage readings
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e C(Calibration dates: date and due date of the instrument’s calibration (calibration of
electrical components or comparison to WRR).

6.6.7 Cavity Control Unit (BORCAL-SW Only)
In addition to the control unit’s serial number, RCC requires the following information:

e Current shunt: resistance of the current sensing resistor used in the calculation to
determine the power (current multiplied by resistance) dissipated by the cavity heater.
The Eppley Laboratory normally supplies cavity radiometer systems with this resistance
specified as a nominal value; however, some systems are supplied with a value
determined by an accurate measurement. Regardless of the value specified by the
manufacturer, the correct resistance value for RCC is the exact value used when the ACR
WRR factor or windowed WRR factor (described above) was determined.

o Circuit resistance: overall resistance of the cavity heater circuit excluding the heater and
heater lead resistances

e Communications parameters: parameters for the RS-232 communications port or GPIB
protocol for both the cavity control unit and the voltmeter.

6.6.8 Reference Diffuse Pyranometer (BORCAL-SW Only)
For the shaded disk pyranometer, RCC requires:

e Serial number: instrument’s serial number

e Responsivity: instrument’s most recent calibration responsivity
e Shading disk size: diameter of the shading disk in centimeters
e Arm length: length of the shading disk arm in centimeters

e Uncertainty: instrument’s calibration uncertainty expressed in percent and thermal offset
in W/m?® (two numbers)

e C(Calibration date: date and due date of the instrument’s calibration
e Location: position of the instrument and its tracker in the outdoor instrument setup
e (able/signal box: cable number and junction box connector number (optional)

e Channel: data logger channel assignment

6.6.9 Atmospheric Stability Radiometers (BORCAL-SW Only)
Two parameters are set for the ASR functions:

e Scan interval: number of seconds between scans of the ASR instruments (typically 1
second)

e Stability number: number of measurement samples in the stability analysis (typically 60).

In addition, information about the two ASR radiometers is required. (Global refers to a silicon
pyranometer, and direct refers to a silicon pyrheliometer or reference ACR.)

e Serial number: instrument’s serial number
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e Location: instrument’s outdoor location on the radiometer table or tracker
e (Cable/signal box: cable number and junction box connection (optional)
e Channel: data logger channel assignment.

The ASR instruments must have been previously calibrated by the RCC system.

6.6.10 Test Instruments
Each test instrument must be described with the following information. (Items marked with an

asterisk may already be stored in the database if the instrument was entered at an earlier time and
does not need to be entered again.)

e Serial number: instrument’s serial number

e Location: location on the instrument’s table or tracker

e Cable/signal box: cable number and junction box connector (optional)

e Channel: data logger channel assignment(s) for thermopile and (if used) case and dome
thermistors

e Rnet: instrument’s ENICR. This is required only if the instrument is configured for
ENICR. If it is not specified, this value defaults to a generic Rnet for the instrument type.
ENICR does not apply to BORCAL-LW, and it will not appear in configuration screens.

¢ Rnet uncertainty: uncertainty of the Rnet value (percent)
e C(Calibration date (Rnet): date the instrument’s Rnet value was determined

e Pyrgeometer: instrument’s identification (serial number and manufacture/model) of the
IR correcting pyrgeometer. This is required only if the instrument is configured for an
ENICR.

e Control: indicator if the instrument is included in the BORCAL as a control (See Section
6.2 on Minimum RCC Configuration for BORCAL-SW.)

e *Customer: customer supplying the instrument for calibration
e *Factory Calibration: instrument’s factory responsivity
e Scan: scan interval in seconds for this instrument (typically 30 seconds).

6.6.11 Reference Pyrgeometers
These are required for BORCAL-LW, but they are required for BORCAL-SW only if the test

instruments are configured for an ENICR. More than one pyrgeometer may be required if
multiple instrument types are configured for the corrected responsivity.
e Serial number: pyrgeometer’s serial number

e Location: physical location of the instrument

e (alibration coefficients: KO, K1, K2, K3 and Kr coefficients with traceability to the
World Infrared Standard Group.
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e (alibration dates: date and due date of the pyrgeometer’s calibration

e Channel: data logger channel assignment for thermopile, case, and (if used) dome
thermistors or resistance temperature detectors

e (able/signal box: cable and junction box connector for thermopile, case, and (if used)
dome thermistors (optional).

6.6.12 Meteorological Instruments
Three types of meteorological instruments are accepted by RCC: temperature, humidity, and

barometric pressure. Each requires the following information:
e Serial number: instrument’s serial number
e Location: physical location of the instrument
e (Cable/signal box: cable and junction box connector (optional)
e Channel: data logger channel assignment
e Offset: additive scaling offset to convert to measurement units (Use zero if not specified.)
e Scale: scaling slope to convert to measurement units (Use 1.0 if not specified.)

e Scan: scan interval in seconds for the met instruments (typically 300 seconds).

6.7 Configuring a New BORCAL-SW

Use the Session Editor to construct the data acquisition environment (configure the system) so
that the software is prepared to accept and acquire data from the appropriate instruments.

Be sure the BORCAL type is set to Shortwave.

If you are starting a new BORCAL, select File—»New BORCAL from RCC’s main window.

Radiometer Calibration and Characterization E|§|@

File | Edit Acquisition Generate \jew Help

| MNew BORCAL |
Open BORCAL RCCy3
Import b
Export ] BORCAL | 2010-01

Exit Diate ID?};’DMTI
Time I 1217

Zenith | 46.09
i
" — Azimuth | 131.58
41 1 — |
@iﬁ- rl?-- Titt Inc:identl

Figure 6-3. Selecting a new BORCAL from RCC’s main window
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New BORCAL

New BORCAL
Configuration
2006-01

Copy these configurations
¥ System Parameters
W Cavity configuration(z]
™ Logger configuration(s)
¥ Diffuse configuration(z]
¥ Pyrgeameter configuration(s)
¥ GPS configuration
W 45F configuration
v Control Instruments
W Perpetual Instrumnents
[ &l Test Instruments
W Meteorological instruments

Create | Cancel |

Figure 6-4. New BORCAL Configuration window

You have the option of using a previous BORCAL as a template for the new BORCAL, which
will save time if that BORCAL was similarly configured. When you check the box for Select a
BORCAL as a Template, double-click on the field below it, and choose a BORCAL from the
pop-up list. With this option checked, the fundamental configurations are presented under Copy
These Configurations. For each option selected, the new BORCAL will contain the final
configuration parameters from the indicated template BORCAL. If the box for Perpetual
Instruments 1s checked, all instruments designated as such will be carried forward. Perpetual
instruments are test instruments that are usually included in each BORCAL and would otherwise
need to be configured for each BORCAL. If the A/l Test Instruments box is checked, all test
instrument configurations carry forward from the template BORCAL. If all boxes are checked,
the result will be a copy of the template BORCAL.

After selecting any desired configurations to copy, click on Create to create a new BORCAL.
This brings up the BORCAL Configuration window shown below, which displays a functional
summary of the configuration. (The figure below shows blank fields, indicating no carryover
configurations.) BORCAL configuration is accomplished by completing the required information
for all instruments and system parameters.
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Figure 6-5. BORCAL-SW Configuration window

6.7.1 Steps for BORCAL Configuration
When configuring a new BORCAL, follow this general outline of steps:

e (alibration facility designation

e System configuration

e Reference ACR configuration

e Reference diffuse configuration

e ASRs

e Pyrgeometers (if used for ENICR)

e Meteorological instruments (optional)
e GPS configuration (optional)

e Test instrument configuration

e Data logger.
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In most cases, when the database does not have an item (for example, an instrument or
calibration facility), a new record can be added by clicking on New when viewing the
database Table Selection window for that item. See Section 10.2 on Database
Maintenance for additional instructions.

Many fields in the configuration windows are subject to validity checks, which occur
when you click on Accept on a configuration window. If a field value is out of range, a
pop-up window displays the name(s) of the field(s) with the invalid value and shows the
range of acceptable values. You cannot close this window until all fields are within range.

6.7.2 Facility

Double-click on Facility Name under Calibration Facility on the configuration screen. This
brings up a list of configured calibration facilities. Select the desired facility, and click on Select.

6.7.3 System Configuration

To enter the system parameters, double-click on the System Configuration field. This presents
the System Configuration window (shown below), which contains several categories of
parameters. (The figure below shows all fields configured; when starting without a configuration
template from a previous BORCAL, the fields are filled with zeroes.)

=

Data Table Maintenance

System Configuration

BORCAL 201101 Configuration Number 4
— Delta Thresholds — ———— ASR Setup Uncertainty Clock
Tempf) - Tempbe-1)[3.0 Scan Rate ) [1 Zenith Angle (deg) [0.003 Reset Interval m) [7
: - Warming Threshold is) [
Humbe) - Huméc-1)[10.0 ASR Readings |2 Decimal Precision [2 aming Threshold (s) EFT
. L Delta UTT {s) |-0.200
45° Neg. Offset [10.0
Barx) - Barte-1)[2.0 Threshold 1 (Blue) [1.00 LesE |
45° Pos. Offset |10.0
Thmix) - Thamée-1)[5.0 Threshold 2 (Green) [2.00 _ =
Min. Legal Direct |700 — Solar Position Algorithm —
Thm {DOITIB'CESB}I?}.D Threshold S{BFOW'I"I) I:’}DD e Legal Diffuse W Deltta T{S) 56124
Case Thm {Inst—F‘yTg}IS.D Diffuse Scaling Factor ID.25 Mae. Diffuse//Direct (%) |3I}_DD AMmes. Refraction (deg) ID.E-EE?
— % Emor Thresholds — Auto Mode Scan Rate (sec) —
Cavl/Cav2[10 Startup Zenith Angle [25 Radiometers [30 Active: [~
o1 /o2 7o | | Shutdown Zenith Angle: [25 Meteorological [300 Zenith [0.00  Azimuth [0.00
Global Ctd / Ref |5.0 — I o — Incoming IR Threshelds 1 —— Precipitable Water ——
Direct Ctrl # Ref |5.0 Cavity Calibration ({m) IED Miriimurn W in |15D Slope |1.53
Testfx) / Testfe-1) |1 2 Operator Log {m) |2|} Maxdmum Win [450 intercept [1.00

Comments [~

Arncept | Cancel |

Figure 6-6. BORCAL-SW System Configuration window
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Each category is described below. (The values shown in the window are the suggested defaults
except for the site-specific water vapor values noted below.)

e Delta thresholds: alarm difference threshold for each real-time quality check. These
values are the absolute difference between the two listed measurements determined as
IM1 — M2| in the units of the measurement.

e Percent error thresholds: alarm ratio threshold parameter for each real-time quality check.
The value entered is the percent difference between the two listed measurements (M1 and
M2), determined as [M1 — M2|/ M1 x 100. In all cases except Test(x), the two parameters
are simultaneous measurements from different instruments. In the case of Test(x) /
Test(x-1), the measurements are from adjacent data scans of the same instrument (the
current scan and the previous scan).

e ASR setup
o Scan rate: approximate interval between scans in seconds
o ASR readings: number of readings used to form the ASR scan set

o Threshold 1 (Blue): upper threshold (W/m?) in variability among readings for the
ASR score in the blue category. Likewise for Threshold 2 (Green) and Threshold
3 (Brown). Variability beyond Threshold 3 is scored as ASR Red. Diffuse Scaling
Factor is a multiplier that transforms the diffuse variability to the three thresholds
described above (e.g., if Threshold 2 is 2 and the scaling factor is 0.5, then the
active threshold for diffuse variability is 1.0 W/m?). Variability in W/m? is
determined by the greatest difference among the readings in the ASR scan set for
each measurement. The thresholds are then applied to the variability to determine
the ASR score.

e Automatic mode: parameters that specify the zenith angle thresholds for system start-up
and shutdown in automatic mode.

e Intervals: intervals for automatic ACR calibrations and operator logs
e Uncertainty: parameters for expressing the uncertainty of the results

o Zenith angle (degrees): uncertainty of the zenith angle calculation of the solar
position algorithm in use (NRELSPA)

o Decimal precision: number of digits past the decimal point 45° negative offset
that determines the low end of the uncertainty zenith angle range by adding the
value to 45°

o 45° positive offset: determines the high end of the uncertainty zenith angle range
by adding the value to 45. For example, values of —15 and +15, respectively,
would result in an uncertainty range of 30° to 60°.

o Minimum legal direct: threshold (W/m?) below which no uncertainties are
reported

o Maximum legal diffuse: threshold above which a measurement is not included in
any results
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o Maximum diffuse/direct: argument used in an equation to calculate a threshold
ratio (in percent) above which a measurement is not included in any results. The
actual threshold is calculated as Threshold = Argument - e”(-cos(Zenith)).

e Scan rate: scan rates for radiometers under test and meteorological instruments

e Incoming IR thresholds: minimum and maximum values allowable for the measured
incoming IR values from the pyrgeometer

e Clock

o Reset interval: number of minutes between automatic clock-reset operations. A
value of zero disables the automatic clock-setting function.

o Warning threshold: magnitude of a clock correction (in seconds) allowed before
the operator is warned of the impending correction. (Clock setting can be
accomplished by either the operator or, if configured, a GPS unit.)

o Delta UT1: positive or negative correction (seconds) to be added to Coordinated
Universal Time to adjust for an irregular earth rotation rate.

e Solar position algorithm

o Delta T: difference in seconds between the earth’s rotation time and terrestrial
time from the observation

o Atmospheric refraction: atmospheric refraction in degrees at sunrise and sunset.
e Tilt: parameters for tilted instrument calibrations in degrees

o Zenith: amount of tilt from the zenith (horizontal = 0, vertical [pointing toward
the horizon] = 90)

o Azimuth: position the tilted instrument faces relative to north. Azimuth is
undefined for a tilt of zero, but by convention it is set to zero.’

e Precipitable water: site-specific parameters for estimating precipitable water from vapor
pressure’ (itself estimated from temperature, humidity, and barometric pressure).
Precipitable water (pw) in centimeters is calculated using vapor pressure (vp), a slope
coefficient (m), and a intercept offset (b) as: pw = (vp x m +b) / 10. In the configuration,
use the table below to determine the site-specific slope and intercept values. Depending
on location, the slope parameter is either taken directly from the Slope (m) column or
calculated from the M and B columns using M x site elevation + B. The intercept
parameter is set to the Intercept (b) column in the table.

> This capability has not been tested for recent program revisions.

® For more information, see “Estimation of Precipitable Water over the United States for Application to the Division
of Solar Radiation into its Direct and Diffuse Components” by J.D. Garrison and G.P. Adler in Solar Energy 44
(1990): 225-241.
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Table 6-2. Precipitable Water: Slope and Intercept Values for Site-Specific Locations

Region Slope (m) M B Intercept (b)
Alaska 1.45 1.0

U.S. longitude 1.45 2.0

< 95°W

U.S. longitude > 95°W | Calculated from | 0.0004 | 1.1 | 1.0
and latitude < 41°N elev., M, and B

U.S. longitude > 95°W | Calculated from | 0.0004 | 1.1 | 2.0
and latitude > 41°N elev., M, and B

Saudi Arabia Calculated from | 0.0003 ] 1.3 | 1.0
elev., M, and B

The precipitable water value is not directly saved or reported by RCC; rather, it is used as an
input to the AOD calculation. For the AOD estimates, algorithms from the Bird Clear Sky model
are used to calculate direct normal transmittances for ozone absorption (70) (using a nominal
value of 0.33 cm for column ozone), Rayleigh scattering (7R), absorption of uniformly mixed
gases (TUM), and water vapor absorption (7%). These are combined to obtain a value for
molecular transmittance (7M) as:

Tv=ToTr Tum Tw
Aerosol transmittance is then calculated as:
T A= 1 N / 1 0 T M

where IN is the measured direct normal irradiance, and /0 is the extraterrestrial direct normal
irradiance. Finally, an inversion of Beer’s Law is used to compute broadband AOD 14 as:

w4 =-InTym
where m is the relative air mass.

When all system parameters have been entered and you want to close the window, click on
Accept. Click on Cancel if you want to leave all parameters unchanged.

6.7.4 Test Instruments

To enter a test instrument in the BORCAL, double-click on the gray field for the serial number
below Instruments under Test in the BORCAL Configuration window. This action displays the
Test Instrument Configuration window, which is shown below.
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Instrument Entry
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Figure 6-7. BORCAL-SW Test Instrument Configuration window

In the region labeled Instrument, double-click on the field for Serial Number (or Manufacturer or
Model). This displays the Radiometer Inventory window, which is shown below. Locate the
desired instrument by either scrolling through the list or by clicking in the box and typing the
serial number. (See additional information in Section 10 on Database Editing Tools.)

When typing the serial number, the active selection tracks each keystroke to the first
instrument with a serial number that matches the typed characters so far. If typing is
delayed for more than 1 or 2 seconds, the search resets.

When an instrument is found, you can modify the current customer by double-clicking on the
customer field. To select the instrument for the configuration, click on Select, or double-click on
the instrument in the list.
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Figure 6-8. Radiometer Inventory window

If the instrument is not known to the system, you can enter it by clicking on New in the
Radiometer Inventory window. Fields for which information is mandatory are highlighted in
yellow. Fields that require selections from other lists (related fields) are highlighted in blue.

When entering the serial number, manufacturer, or model, you cannot use these characters: /, \, :,
* 2,", <,>, or|. This is because the Windows operating system does not allow these characters
in file names, and the system creates file names based in part on these fields.

When the desired instrument is selected or entered, click on Select, and continue to enter the
remaining information in the Test Instrument Configuration window.

If the RCC system for your site includes the Location Lookup feature, you can right-click on any
of the fields labeled Location, Channel, Cable, or Signal Box. This allows you to select a
predetermined configuration from a pop-up menu, and all of these fields will be automatically
completed. See Section 6.11 on Location Lookup for more information about this.
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Six check boxes appear on the Test Instrument Configuration window: Tilt, Active, Control,
Perpetual, IR Correction, Ventilated, and Comments.

e Click on the 7ilt box to designate that the instrument is deployed at the tilt entered in the
system configuration tilt and azimuth specifications.

e The Active box is normally checked (and must be checked to include the instrument in
data acquisition), but it can be unchecked to temporarily exclude the instrument from the
data acquisition. This may be valuable if an instrument is included in a period of desired
data acquisition, but it must be removed for other purposes. If the instrument is deleted
from the configuration, it may not appear in the calibration reports (depending on the
final data selection).

e Click on the Control box to configure the instrument as a control instrument. A control
instrument must have been previously calibrated by the system.

e Click on the Perpetual box if the instrument is to be included in the next BORCAL. This
check box, in conjunction with checking that for Perpetual Instrument when creating a
new BORCAL, allows the instrument’s configuration to carry forward without needing to
reconfigure it.

e Click on the Ventilated box if the instrument is installed in a ventilator. This information
aids in configuration validation and appears in the report to document that the instrument
was calibrated with a ventilator.

e Click on the Comments box to enter or read comments about the instrument’s
configuration. If comments exist, the box will contain a check mark.

e Click on the IR Correction box to designate and configure the instrument for an ENICR.
This is explained further below.

The Case Thermistor and Dome Thermistor check boxes appear on the right side under Cabling.
Clicking on these boxes indicates that the instrument is equipped with the specified thermistor(s).
When indicated, the channel and cabling fields become active to configure the connections for
the thermistors.

A check box appears under IR Correction to designate and configure the instrument for an
ENICR. When this box is checked, the fields below it for Rnet, Rnet Uncertainty, and Cal Date
become active. These values are pulled from the instrument’s record in the Radiometer Inventory
database table. You may enter new values in these fields, which will replace the generic values
for the instrument in its Radiometer Inventory record. (See Section 6.6.4 on ENICR generic
values.)

The Pyrgeometer field holds the instrument’s identification of the correcting pyrgeometer as
configured in the instrument’s record in the Instrument Inventory field. If no pyrgeometer has
been designated for the instrument, or if the specified pyrgeometer is not in the list of configured
pyrgeometers, a message will appear instructing you to configure or select an instrument. (See
Section 6.7.7 on Pyrgeometer Configuration.)
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When all information is complete, click on Accept. By doing this, you:

e Enter the instrument in the BORCAL configuration.
e C(lear the fields for the next instrument to be configured.

When all instruments have been entered, click on Done to return to the BORCAL Configuration
window.

Note the distinction between Accept and Done: although using either will allow you to enter and
save the configuration information, Accept clears all fields and allows you to continue with
another instrument, and Done exits the test instrument configuration.

6.7.5 Cavity

Configure ACR instruments by double-clicking on the gray field for the serial number under
Reference Instruments in the BORCAL Configuration window.

Cavity Entry

Cavity Configuration

BORCAL 2011-01 Configuration Number 2

Cavity Control Unit
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Mode! | Model |
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Urwindowed Uncert (%) I—E'.DI} RS9 6 RS0 &
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Figure 6-9. Cavity Configuration window
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The Cavity Configuration window groups information into three categories:

e Cavity: identification, traceability, and calibration parameters for the ACR

e Control unit: identity and internal electrical parameters for the control unit associated
with the ACR

e Communications: the GPIB or RS-232 communications settings for the ACR voltmeter
and automatic control unit (when appropriate).

Fields may be accessed in a fashion similar to the test instrument configuration wherein
information in the blue fields is entered by double-clicking on them and selecting an instrument
from a list, and the yellow fields hold mandatory information.

When an ACR is specified in the field for Serial Number, the fields on the lower left of the
Cavity section are filled in using data in the Cavity Inventory data table. Likewise, when a
control unit is selected, the fields in the lower part of the Control Unit section will be filled in
using data from the Control Unit Inventory table. These values may be modified if desired, and
any changes will be reflected in the corresponding inventory record for that instrument.

The fields for Calibration Waits are described below. (These values must be the same as those
used when the ACR WRR is determined.)

e TP-Solar: number of seconds to wait for thermopile stability after the shutter is opened.
(This field may be set to zero if the ACR is installed with the shutter open, and it is used
for routine measurements with the shutter open. Under these conditions, the thermopile
will always be in a stable state prior to the calibration.)

e TP-Heated: number of seconds to wait for thermopile stability after the shutter is closed
and the heater circuit is closed

e TP-Zero: number of seconds to wait for thermopile stability after the heater circuit is
opened and the shutter is closed

e Dwell: number of seconds to wait for operational stability after the cavity is returned to
its measurement state (heater off, shutter open). This field may be set to zero if the period
of the ASR cycle (scan rate multiplied by the number of measurements) is greater than
the time required for ACR stability.

Two other check boxes appear on the window:
e Uncheck the Active box if you want to temporarily remove the instrument from the
configuration for data acquisition. This may be valuable if multiple cavities are
configured and one of them temporarily cannot be operated (e.g., an unwindowed ACR in

windy conditions). This allows for a quick connect/disconnect without having to
reconfigure the ACR parameters. (The check box affects the ACR and the control unit).

e Use the Comments box to enter or read comments about the instrument’s configuration. If
comments exist, the box will contain a check mark.
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Up to two ACRs may be configured for a BORCAL event, and each is entered by clicking on the
gray field for the serial number in the BORCAL Configuration window. Note that the gray box
moves to the second position after the first ACR is configured.

When all information is complete, click on Accept. By doing this, you:

e Enter the instrument in the BORCAL configuration.
e C(lear the fields for the next instrument to be configured.
When all instruments have been entered, click on Done to return to the BORCAL Configuration

window.

6.7.6 Diffuse Radiometer Configuration

A diffuse reference instrument is configured by double-clicking on the gray field for the serial
number under Diffuse Serial Number in the Reference Instrument box in the BORCAL
Configuration window. This presents the Diffuse Reference Configuration window, as shown
below.
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Diffuse Reference Entry

Diffuse Reference
Configuration

BORCAL 2011-01
Configuration Number 2
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Cal Date I Cal Due Date I
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Figure 6-10. Diffuse Reference Configuration window

As described with other instrument configurations, the blue fields are configured by double-
clicking on them and selecting an instrument from a list.

When an instrument is selected, the system will fill in the responsivity, calibration dates, and
uncertainty fields using data from the Diffuse Reference Configuration data table. These fields
may be modified, and any changes will be reflected in the corresponding record in the Diffuse

Configuration data table.

Note that when entering the shading disk information, the value in the field for Subtended Angle
is computed from the disk diameter and arm radius; it cannot be configured by the user.

35

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



Cabling information and the Location Lookup feature are described in Section 6.7.4 on Test
Instruments.

When all information is complete, click on Accept. By doing this, you:

e Enter the instrument in the BORCAL configuration.
e C(lear the fields for the next instrument to be configured.
When all instruments have been entered, click on Done to return to the BORCAL Configuration

window.

6.7.7 Pyrgeometer Configuration

Configure a pyrgeometer by double-clicking on the gray field for the serial number under
Pyrgeometers. This brings up the Pyrgeometer Configuration window, which is shown below.

o= Pyrgeometer Configuration Entry

Pyrgeometer
Configuration

BORCAL 2011-01
Configuration Number 2
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Location I

— Calibration Coefficients —

Cabling

Themopile

KO |-5359.00000 ChanﬂEﬂl
K1 I-EEEE.DDDDI} Cable I

K2 I-EEEE.DDDDD Signal Box I

K3 |-5559.00000 Case Themistor W

Kr I-5.5E'E'DDE+1 Channed I—

Uncertainty (W/m"2) [1.00 cabe [
Signal Box I

- d Dome Thermistor W

Vertilated [~ e |—

Comments | cabe|
Arccept | Done | Cancel | Signal onl

Figure 6-11. Pyrgeometer Configuration window
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As described with other instrument configurations, configure the blue fields by double-clicking
on them and selecting an instrument from those available in the Pyrgeometer Inventory table.

When an instrument is selected, the system will fill in the coefficients, calibration dates, and
uncertainty fields using data from the instrument’s record in the Pyrgeometer Inventory table.
These fields may be modified, and any changes will be written to the instrument’s record in the
Pyrgeometer Inventory table.

The location, channel, and cabling information must be completed.
All available pyrgeometer thermistors must be configured into RCC.

6.7.8 Data Logger Configuration

Configure the data logger(s) by clicking on the gray field for the serial number under Data
Logger. This presents the Data Logger Configuration window, which is shown below.

Data Logger Entry

Data Logger
Configuration

BORCAL 2011-01
Configuration Number 2
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Figure 6-12. Data Logger Configuration window

— System Offsels

37

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



As described in previous configurations, double-click on the blue fields to select a data logger
from the Data Logger Inventory table. This brings forward the instrument make, model, and
calibration date information. Other fields are described below:

e Unit number: For Relay (RLY) data loggers (with separate DMM), this indicates the unit
number, which is a number based on the physical wiring of the Relay/DMM to the
available channels at the calibration facility. Multiple RLY-type loggers are supported,
and the unit numbers must be sequential starting with zero (the highest unit number must
be less than the total number of units). Combo loggers (LGR) must be assigned unit
number zero, and only one LGR-type logger is supported.

e DMM: The DMM is physically wired to the Relay data logger and should be left blank
for combo loggers (LGR).

e Location: physical location of the logger

e System offsets (volts DC, 2-wire resistance, and 4-wire resistance): maximum offset of
the instrument for uncertainty calculations

e Communications
o DMM: configuration information for the DMM or combo logger

o Relay: configuration information for the relay unit. (This column of fields will be
dimmed for combo loggers.)

6.7.9 ASR Instruments

Select the ASR instrument in a manner similar to that used for the diffuse configuration by
double-clicking on the empty field.

When all information is complete, click on Accept.

6.7.10 Other Instrument Configurations

Complete the BORCAL configuration by entering the configuration information for the
meteorological instruments and GPS (if available). When all required instruments are entered,
the BORCAL Configuration windows will look similar to the window shown below.
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B BORCAL Configuration @
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Figure 6-13. BORCAL-SW Configuration window

6.7.11 Editing or Removing Instruments

To edit information for an instrument already entered, double-click on its serial number in the
BORCAL Configuration window. This brings up the Instrument Configuration window already
described. Make the necessary changes to the configuration parameters, and close the Instrument
Configuration window.

To remove an instrument from the configuration, right-click on its serial number in the
BORCAL Configuration window; when prompted, confirm its removal.

6.8 Configuring a New BORCAL-LW

Use the Session Editor to construct the data acquisition environment (configure the system) so
that the software is prepared to accept and acquire data from the appropriate instruments.

Ensure that the BORCAL type is set to LW.

If you are starting a new BORCAL, select File—»New BORCAL from RCC’s main window.
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Figure 6-14. Selecting a new BORCAL-LW from RCC’s main window

This action brings up the New BORCAL window, which is shown below.

=& Mew BORCAL x|

New BORCAL

LW Configuration
2015-03

BORCAL/LW template
v |2015-02

Copy these configurations

¥ Sustem Parameters

¥ Logger configuration|s]

¥ Pyrgeometer configuration(s]
¥ GPS configuration

¥ Contal Instrurnents

[ &l Test Instuments

V¥ Metecological instrumentz

Create | Cancel |

Figure 6-15. New BORCAL-LW Configuration window

You have the option of using a previous BORCAL as a template for the new BORCAL, which
will save time if that BORCAL was similarly configured. When you check the box for Select a
BORCAL as a Template, double-click on the field below it, and choose a BORCAL from the
pop-up list. With this option checked, the fundamental configurations are presented under Copy
These Configurations. For each option selected, the new BORCAL will contain the final
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configuration parameters from the indicated template BORCAL. If the box for A/l Test
Instruments is checked, all test instrument configurations will be carried forward from the
template BORCAL. If all boxes are checked, the result will be a copy of the template BORCAL.
After selecting any desired configurations to copy, click on Create to create a new BORCAL.
This brings up the BORCAL Configuration window, shown below, which displays a functional
summary of the configuration. (The figure below shows blank fields indicating no carryover
configurations.) BORCAL configuration is accomplished by completing the required information
for all instruments and system parameters.

wom Longuave BORCAL Confiquration ﬁ
File Bepart
Longwave BORCAL Configuration
BORCAL 2015-03 Configuration Number 1 Spetem Configuration
Calibration Facility GPS Pyrgeometers
Facility Marne Seral Number szelluiie
|Sclar Radiation Research Laboratary L
Meteorological Data Logger
Serial Mumber Serial Mumber
Temperature 1
Hurnidity
Pressure

Instruments under Test [Seral Mumbers]

i

Figure 6-16. BORCAL-LW Configuration window
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6.8.1 Steps for BORCAL Configuration
When configuring a new BORCAL, follow this general outline of steps:

Calibration facility designation

System configuration

Reference pyrgeometers

Meteorological instruments (temperature required, others optional)
GPS configuration (optional)

Test instrument configuration

Data logger.

In most cases, when the database does not have an item (for example, an instrument or
calibration facility), a new record can be added by clicking on New when viewing the database
Table Selection window for that item. See Section 10.2 on Database Maintenance for additional
instructions.

Many fields in the configuration windows are subject to validity checks, which occur when you
click on Accept on a configuration window. If a field value is out of range, a pop-up window
displays the name(s) of the field(s) with the invalid value and shows the range of acceptable
values. You cannot close this window until all fields are within range.

6.8.2 Facility

Double-click on the field for the Facility Name under Calibration Facility on the configuration
screen. This brings up a Table Selection list of configured calibration facilities. Select the desired
facility, and click on Select.

6.8.3 System Configuration

To enter the system parameters, double-click on the field for System Configuration. This presents
the System Configuration window (shown below), which contains several categories of
parameters. (The figure below shows all fields configured; when starting without a configuration
template from a previous BORCAL, the fields are filled with zeroes.)
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Figure 6-17. BORCAL-LW System Configuration window

Each category is described below. (The values in the window are the suggested defaults except
for the site-specific water vapor values noted below.)

e Delta thresholds: alarm difference threshold for each real-time quality check. These
values are the absolute difference between the two listed measurements, determined as
IM1 — M2, in the units of the measurement.

e Analysis rejection

o Number of standard deviations: number of standard deviations to allow when
rejecting test instrument data based on residuals of reference irradiance minus
calculated test irradiance

o Threshold 1 (Blue), Threshold 2 (Green), and Threshold 3 (Brown): selectable
threshold limits (in W/m?) for rejecting data based on the delta of two or more
reference instruments acquiring data simultaneously.

e Percent error thresholds: alarm ratio threshold parameter for each real-time quality check.
The value entered is the percent difference between the two listed measurements (TP(x)
and TP(x-1)), determined as 100 x Test(x) / Test(x-1). The measurements are from
adjacent data scans of the same instrument’s thermopile (the current scan and the
previous scan).

e C(Clock

o Reset interval: number of minutes between automatic clock-reset operations. A
value of zero disables the automatic clock-setting function.

o Warning threshold: magnitude of a clock correction (in seconds) allowed before
the operator is warned of the impending correction. (Clock setting can be
accomplished by either the operator or, if configured, a GPS unit.)
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o Delta UT1: positive or negative correction (seconds) to be added to Coordinated
Universal Time to adjust for an irregular earth rotation rate.

e Solar position algorithm

o Delta T: difference in seconds between the earth’s rotation time and terrestrial
time from the observation

o Atmospheric refraction: atmospheric refraction in degrees at sunrise and sunset.

e Miscellaneous
o Scan rate: scan rate for radiometers under test and meteorological instruments

o Uncertain decimal precision: number of digits past the decimal point for reporting
uncertainties.

e Automatic mode zenith angle: parameters that specify the zenith angle thresholds for
system start-up and shutdown in automatic mode.

When all system parameters have been entered and you want to close the window, click on
Accept. Click on Cancel if you want to leave all parameters unchanged.

6.8.4 Test Instruments

To enter a test instrument in the BORCAL, double-click on the gray field for the serial number
below Instruments under Test in the BORCAL Configuration window. This action displays the
Test Instrument Configuration window, which is shown below.

44

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



== Instrurnent Entry ﬂ

Test Instrument Configuration

Instrument Cabling

Serial Nurnber | Thermopile

M anufacturner | Channel I
Model | Cable |
Custarmner | Signal Box I

— Mounting Active ¥ Caze Temperature™

i Conai~ | Chame

|| Wentilated [~ Lable I
Comments [ Signal Box I

Diome Temperaturel™
gcceptl anel EEHCE|| Charitel

Cable I
Signal Bax I

Figure 6-18. BORCAL-LW Test Instrument Configuration window

In the region labeled Instrument, double-click on the field for Serial Number (or Manufacturer or
Model). This displays the Radiometer Inventory selection window, which is shown below.
Locate the desired instrument by either scrolling through the list or by clicking in the box and
typing the serial number. (See additional information in Section 10 on Database Editing Tools.)

When typing the serial number, the active selection tracks each keystroke to the first instrument
with a serial number that matches the typed characters so far. If typing is delayed for more than 1
or 2 seconds, the search resets.

When an instrument is found, you may modify the current customer by double-clicking on the
customer field. To select the instrument for the configuration, click on Select, or double-click on
the instrument in the list.
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Figure 6-19. Radiometer Inventory window

If the instrument is not known to the system, you may enter it by clicking on New in the
Radiometer Inventory window. Fields for which information is mandatory are highlighted in
yellow. Fields that require selections from other lists (related fields) are highlighted in blue.

When entering the serial number, manufacturer, or model, you cannot use these characters: /, \, :,
*2,",<,>, or|. This is because the Windows operating system does not allow these characters
in file names, and the system creates file names based in part on these fields.

When the desired instrument is selected or entered, click on Select, and continue to enter the
remaining information in the Test Instrument Configuration window.

If the RCC system for your site includes the Location Lookup feature, you can right-click on any
of the fields for Location, Channel, Cable, or Signal Box. This allows you to select a
predetermined configuration from a pop-up menu, and all of these fields will be automatically
completed. See Section 6.11 on Location Lookup for more information about this.
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Four check boxes appear on the Test Instrument Configuration window: Active, Control,
Ventilated, and Comments.

e The Active box is normally checked (and must be checked to include the instrument in
data acquisition), but it can be unchecked to temporarily exclude the instrument from the
data acquisition. This may be valuable if an instrument is included in a period of desired
data acquisition, but it must be removed for other purposes. If the instrument is deleted
from the configuration, it may not appear in the calibration reports (depending on the
final data selection).

e Click on the Control box to configure the instrument as a control instrument. A control
instrument must have been previously calibrated by the system.

e Click on the Ventilated box if the instrument is installed in a ventilator. This information
aids in configuration validation and appears in the report to document that the instrument
was calibrated with a ventilator.

e Click on the Comments box to enter or read comments about the instrument’s
configuration. If comments exist, the box will contain a check mark.

The Case Temperature and Dome Temperature check boxes appear on the right side under
Cabling. Clicking on these boxes indicates that the instrument is equipped with the specified
temperature sensor(s). When indicated, the channel and cabling fields become active to configure
the connections for the thermistors.

When all information is complete, click on Accept. By doing this, you:

e Enter the instrument in the BORCAL configuration.
e C(lear the fields for the next instrument to be configured.

When all instruments have been entered, click on Done to return to the BORCAL Configuration
window.

Note the distinction between Accept and Done: although using either one will allow you to enter
and save the configuration information, Accept clears all fields and allows you to continue with
another instrument, and Done exits the test instrument configuration.
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6.8.5 Reference Pyrgeometer Configuration

Configure a pyrgeometer by double-clicking on the gray field for the serial number under
Pyrgeometers. This brings up the Pyrgeometer Configuration window, which is shown below.

Pyrgeometer Configuration Entry

Pyrgeometer
Configuration

BORCAL 2011-1
Configuration Number 2

Serial Number |
Manufacturer |
Mode! |

Lal Datel Cal Due Date |
Lﬂﬂﬂtiﬂﬂ I—

— Calibration Coefficients —

Cabling

Themopile
KD I-EEEE.DDDDD Channel I
K1 I-EEEE.DDDDD CabIEI
K2 [-5555 00000 Signal Boxl
K3 I-E‘E‘E‘E‘DDDDD Case Thennisturp
Kr |-9.50000E+1 I:hannell
Uncertainty (W./m"2) I"I-[:'[:l cable
Signal Box I
Active [ Dome Thermistor W
Vertilated [ Channel I
Comments [~ Cable I
.ﬂcceptl Done | [;ancell Signal Boxl

Figure 6-20. Pyrgeometer Configuration window

As described with other instrument configurations, configure the blue fields by double-clicking
on them and selecting an instrument from those available in the Pyrgeometer Inventory table.

When an instrument is selected, the system will fill in the coefficients, calibration dates, and
uncertainty fields using data from the instrument’s record in the Pyrgeometer Inventory table.
These fields may be modified, and any changes will be written to the instrument’s record in the
Pyrgeometer Inventory table.

The location, channel, and cabling information must be completed.
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All available pyrgeometer thermistors must be configured into RCC.

6.8.6 Data Logger Configuration

Configure the data logger(s) by clicking on the gray field for the serial number under Data
Logger. This presents the Data Logger Configuration window, as shown below.

Data Logger Entry

Data Logger
Configuration

BORCAL z011-01
Configuration Number 2

Seral Number |

Manufacturer |
Model |
DMM | Unit Number [0 _|
Location;| ——— Communications

Cal Date I DMM Relay
Cal Due Date I R5-232 @& R5-232 &

Commerts [~ GPIB GPIB ¢
Part |1 I Port |1 I
Baud IErEI}D I Baud IEEDI} I
Volts DC (V) IT Parity Im Parity Im
2\ire Res. {mOhms) [10 StopBts [1 |  StepBis[T ]
4-\Wire Res. (mOhms) I-'I.D Data Bits Iﬁ Diata Bits Iﬁ

.&cceptl [;ancell Board I: I Board I: I

Figure 6-21. Data Logger Configuration window

— System Offsets

As described in previous configurations, double-click on the blue fields to select a data logger
from the Data Logger Inventory table. This brings forward the instrument make, model, and
calibration date information. Other fields are described below:

e Unit number: For Relay (RLY) data loggers (with separate DMM), this indicates the unit
number, which is a number based on the physical wiring of the Relay/DMM to the
available channels at the calibration facility. Multiple RLY -type loggers are supported,
and the unit numbers must be sequential starting with zero (the highest unit number must
be less than the total number of units). Combo loggers (LGR) must be assigned unit
number zero, and only one LGR-type logger is supported.
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e DMM: The DMM is physically wired to the Relay data logger and should be left blank
for combo loggers (LGR).

e Location: physical location of the logger

e System offsets (volts DC, two-wire resistance, and four-wire resistance): maximum offset
of the instrument for uncertainty calculations

e Communications
o DMM: configuration information for the DMM or combo logger

o Relay: configuration information for the relay unit (this column of fields will be
dimmed for combo loggers).

6.8.7 Other Instrument Configuration

Complete the BORCAL configuration by entering the configuration information for the
meteorological instruments and GPS (if available). When all required instruments are entered,
the BORCAL Configuration window will look similar to the window below.
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Figure 6-22. BORCAL-LW Configuration window

6.8.8 Editing or Removing Instruments

To edit information for an instrument already entered, double-click on its serial number in the
BORCAL Configuration window. This brings up the Instrument Configuration window already
described. Make the necessary changes to the configuration parameters, and close the Instrument
Configuration window.

To remove an instrument from the configuration, right-click on its serial number in the
BORCAL Configuration window, and when prompted, confirm its removal.

6.9 Editing a BORCAL Configuration

If you want to edit or extend an existing configuration, select Edit—>BORCAL/Session from the
RCC’s main window. This brings up the BORCAL Configuration window, which is accessed
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and edited as described in the section above. All previously configured instruments will appear
as entered and can be modified, and additional instruments can be added.

When the configuration is opened for editing as described here, all instruments will be sorted by
serial number. This may differ from the order in which they appeared when originally entered.

6.10 Configuration Audit

Use Configuration Audit to provide a summary of the event configuration. You can print this
information to serve as a reference for instrument type, channels, and so on.

The configuration audit is intended as a tool to assist with validating the BORCAL
configuration. Although some checks are done for completeness during generation of the report,
the automated checks are not comprehensive. The operators should use this tool to carefully
validate the entire BORCAL configuration for correct entries.

In the BORCAL Configuration window (LW or SW), select the Report—Configuration Audit
pulldown menu.

BORCAL Configuration
File | Report
Configuration Audit b - - =
oORCAL Configuration
BORCAL 200s-02 Configuration Mumber 3 System Corffiguration IZDDB—DZ 001
Calibration Facility GPS Atmosphenc Stability Pyrgeometers
" ) Serial Number  Cavity: Serial Mumber
Facility Name Serial Mumber _ il —
[Solar Radiation Research Laboratory [1P38230103 Direct [3812 r 1010547
Global |F1730 2 |311599F3
3 |31203F3
Reference Instruments Data Logger Meteorological -
Cavity Diffuse )
Serial Mumber Serial Mumber Serial Number Serial Number
1 |31‘Il}4 1 |32EE-S 1 IZDD5—555 Temperature IC5'1 24T

Figure 6-23. Selecting an audit report from the configuration window

This performs a check of the system configuration. If any improper or missing configuration
parameters are found, a pop-up message indicates which parameters require correction. When all
parameters are correct, the audit automatically generates an onscreen display when complete. A
partial screen report for SW is shown below.
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Figure 6-24. Sample BORCAL-SW Session Configuration Audit Report

The report contains multiple pages that can be accessed by clicking on Next Page or Previous
Page. You can print the entire report by clicking on Print.

6.11 Location Lookup

This feature allows you to quickly enter data on an instrument’s mounting location, hookup, and
logger channel during the configuration.

6.11.1 Accessing the Location Lookup Feature

During configuration, the Location Lookup feature is accessed from the Instrument
Configuration screen (for all instruments except ACR, data logger, and GPS) by right-clicking
on any one of these fields:

e Location
e Cable
e Junction Box

o Channel

This action presents a two-tiered pop-up menu from which the user can select a mounting
location that will then fill in all of the above fields with the preconfigured information.
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The figure below shows a typically configured pop-up menu hierarchy for the Location Lookup

feature.
zl
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Figure 6-25. Location lookup pop-up menu

6.11.2 Configuring the Location Lookup Feature

The Location Lookup information is stored in a text file located in the BORCAL\CONFIG
folder. The operator must initially configure the file with information specific to the calibration
site according to the instructions below. The file is named:

[ssss] LOCATION LOOKUP.TXT

where [ssss] is the facility abbreviated name. The file consists of a header record documenting
the data structure followed by any number of data lines. A vertical bar delimits fields within the
record, and blank fields are allowed (designated by no characters in the field). The fields (as
designated in the file header) are described as follows (in order from left to right):

e Platform: text used for populating the first-tier pop-up menu; a broad grouping of
locations, such as an instrument table or a tracker

e Position: text used for populating the second-tier pop-up menu; designates the position of
the location within the platform
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e Location: location name. This text is copied directly to the Location field of the
Instrument Configuration window.

e TP cable: cable name for the position. This text is copied directly to the thermopile Cable
field of the Instrument Configuration window.

e TP jbox: junction box name for the position. This text is copied directly to the thermopile
Signal Box field of the Instrument Configuration window.

e TP chan: thermopile channel number for the position. This text is copied directly to the
thermopile Channel field of the Instrument Configuration window.

e (ase cable: case thermistor cable name for the position. This text is copied directly to the
thermistor Cable field of the Instrument Configuration window.

e Case jbox: case thermistor junction box name for the position. This text is copied directly
to the thermistor Signal Box field of the Instrument Configuration window.

e Case chan: case thermistor channel number for the position. This text is copied directly to
the thermistor Channel field of the Instrument Configuration window.

e Dome cable: dome thermistor cable name for the position. This text is copied directly to
the thermistor Cable field of the Instrument Configuration window.

e Dome jbox: dome thermistor junction box name for the position. This text is copied
directly to the thermistor Signal Box field of the Instrument Configuration window.

e Dome chan: dome thermistor channel number for the position. This text is copied directly
to the thermistor Channel field of the Instrument Configuration window.

When creating this file, group all identical first-tier Platform designations together, and within
that group, enter the second-tier Position designations in the order they should appear on the pop-
up menu.

When creating the pop-up menus, the system will group identical adjacent platform designations
under a single title on the first-tier menu and create second-tier menu items in the order they
appear within that group in the file. The next first-tier menu item is created when the designation
changes. No effort is made to sort items in the file; hence, any first-tier item out of order will
result in additional menu items.

The figure below shows a sample lookup configuration file with the header line and six first-tier
items, each with multiple second-tier items.
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Platform|Position|Location|TP cable|TP Jbox|TP chan|case cable|case jbox|case chan|dome
cable|dome jbox|dome chan

Tracker 4|T27|T27|T27] 1146|111
Tracker 4|T28|T28|T28| 157|111
Tracker 4|T29|T291T29] 1182|111
Tracker 4|T30[T30|T30] 1187|111
Tracker 4|T31|T31|T31]1188[ ][]
Tracker 4|T32|T32|T32|(158| 1]
Tracker 4|T33[T33|T331 1167|1111
Tracker 4|T34|T34|T34] 1185|111
Tracker 4|T35[T35|T35] 11901111
Tracker 4|T36[T36|T36] 1191|111
Tracker 5|T5-1 (LW) |T5-1[1[1]1]1011]12

Tracker 5|T5-2 (LW) |T5-21211512]1412]]6

Tracker 5|T5-3 (LW) |T5-3131191311813]110

Tracker 6|T6-1 (LW) |T6e-1]1|[13]1]12]1]]14
Tracker 6|T6-2 (LW) |T6-212||17]2]|16]2]]18
Tracker 6|T6-3 (LW) |T6-313112113|120|3]122
Tracker 7|T7-1 (LW) |T7-111112511|124|1]|1|26
Tracker 7|T7-2 (LW) |T7-212112912|128]2]130
Tracker 7|T7-3 (LW) |T7-313]133|3|132|3]134
Tracker 8|T8-1 (LW) [T8-11|[37111136]11]138
Tracker 8|T8-2 (LW) |T8-212]14112|140|2]142
Tracker 8|T8-3 (LW) |T8-3[31145|3|144|3]|146
Tracker 9|T9-1 (LW) |T9-111]149]11148]11150
Tracker 9|T9-2 (LW) |T9-212| 5312152121154
Tracker 9|T9-3 (LW) |T9-313115713115613]158

Figure 6-26. Sample lookup configuration file

6.12 Instrument Validation Test

Use the Instrument Validation Check to verify each instrument’s serial number to confirm that it
is correctly connected to the system.

The Instrument Validation Check requires two people: an operator at the computer and an
assistant at the instrument being checked. These two people should be in easy communication
with each other.

The data acquisition system will not run until all the instruments are verified using the
Instrument Validation Check. When an instrument configuration is modified (for example, by
adding an instrument or changing an existing instrument), the instrument will be marked as
unverified and must be re-verified with this procedure.

From RCC’s main window, first select the proper BORCAL type (SW or LW), then select
Acquisition—»System Test, as shown below.
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Figure 6-27. Selecting a system test from RCC’s main window

The Instrument Validation Check window appears and displays a graph and instrument list, as
shown below. Units are in millivolts for radiometer thermopiles, the appropriate measurement
units for meteorological instruments, and degrees Celsius for case and dome thermistors. The
check boxes at the bottom of the window are enabled automatically based on the type of
instrument selected.
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Figure 6-28. Instrument Validation Check window
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The following sequence describes the operator and assistant actions to conduct the system test:

e Assistant: Read the serial number from the tag on the installed instrument, and convey it
to the operator.

e Operator: Enable the instrument by selecting its serial number from the onscreen list.

e Assistant: Shade the instrument dome or window for thermopile tests. For thermistors,
chill the thermistors by spraying compressed air on the case and dome. Alternative
thermistor test: The assistant should trace the signal cable and disconnect the appropriate
cable so that the operator can verify that the data acquisition produces an infinite result or
measurement error for the channel that was disconnected.

e Operator: Verify that the onscreen graph reflects the appropriate change.

The operator and assistant should also verify that the cable, junction box, tilt, ventilation, and
location are all correct. (Only the shading and response are required for correct connections.)
When an instrument’s response to the shading is verified (or a reasonable value from the
meteorological instruments or case thermistors is measured), the operator should click on the
Valid field. Serial numbers for instruments that have not been verified appear in the list in red;
after the verification is performed, the serial number color changes to black.

Instruments with case or dome thermistors appear in the list two or three times: once with their
serial number and the second or third time with a “-Tc” (for case) or “-Td” (for dome) appended
to the serial number. When the native serial number is selected, the graph displays the thermopile
output. When the “-T” version is selected, the graph shows the thermistor output (in degrees
Celsius). The Verify check box is active only when the thermopile data are selected; check box
verification for the thermistor is accomplished using the thermistor designation.

The graphing window allows the operator to scale each axis independently by choosing
minimum and maximum values (Y axis) or the number of samples to display (X axis). The
system samples the selected instrument at approximately 1-second intervals. The graph resets
when another instrument is selected.
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7 BORCAL-SW Data Acquisition

Data acquisition is accomplished by running multiple data acquisition sessions (referred to in this
manual as a session). This section provides details for running a session.

7.1 Starting a Session

From RCC’s main window, select the SW BORCAL type, then select Acquisition—Run Session.
The software performs an automatic check of the system’s integrity. If a configuration
discrepancy is found, an alert appears in a pop-up window, and the operator should correct the
problem. The system will not initiate data acquisition if a configuration discrepancy is found.

== Radiorneter Calibration and Characterization = ﬂ

File Edit gcquisitiunlﬁenerate Yiew Help

| Bun Session | RCC .
Sho Systern Test Ode ﬂ
................. Channel Check
g Long .\ fode Longwave BORCAL [ 201501

Shorbw Shart
CIHEE Date [05/15/15
Time I 16:58:55
Zerith [ 66.44

Azimuth | £76.83

ik
“&'-‘@' -_—
4 1 -I
&g NR=L Tik Incident]|

Figure 7-1. Starting a BORCAL-SW session from RCC’s main window

If the configuration passes the system integrity check, the Data Acquisition window appears, as
shown below.
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Figure 7-2. BORCAL-SW Data Acquisition window

7.1.1 Operator Sign-In

The operator must sign in by clicking on the input box and selecting the appropriate operator
name(s) from the list. The name of a new operator may be entered in the system by clicking on
New on the Operator Selection window. At least one operator must be selected before you can
continue, and up to three operator names may be selected at one time.

The RCC operator is a special user name that causes the system to run in a “silenced” mode. In
silent mode:

e Audible alarms are disabled. (Visual alarms are not affected.)

e The computer clock is silently adjusted if the GPS is attached. (There are no out-of-
bounds warnings.)

e Both the audible and visual prompts for the Operator Logs are disabled. (However, the
log may be accessed as usual.)

e An automatic backup will be performed at shutdown.

The system will not run until at least one operator has signed in.

7.1.2 Cavity Setup Time

Enter the ACR setup time(s) in the appropriate field in the lower right portion of the window.
This time is when the ACR was first set up on the current day. This information is stored with
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the operator logs. RCC will retain the setup time from one session to another until the program is
closed.

7.1.3 Start Data Acquisition
Click on Begin Session to initiate data acquisition. The following events occur:

e Device initialization

e System time check

e ACR calibration begins and is monitored.

e ASR instruments take data for approximately 1 minute.
e The system begins scanning instruments by group.

The last three events in the list above repeat according to the ACR calibration schedule specified
in the system configuration. During this time, you can monitor incoming data.

7.1.3.1 Device Initialization

All devices attached to the system are initialized prior to data acquisition. During the
initialization sequences, a status window is posted. If any of the initializations fail, a message is
displayed on the status window.

=il
Device Status
31104 Eppley HF Done
10348 Eppley 406 Dane
6671000 Auke Helios 2287A Initizlizing
JP38450103 Hewlett Packard 585334 Initializing

Figure 7-3. BORCAL-SW Device Initialization window

If any device shows a Fuailed status, check all connections and the communications
configuration.

The GPS unit model 58533 A may need several minutes to initialize. If it shows a Failed status
and the GPS status indicator light is red, RCC will issue a device initialization command. It may
take several minutes (less than 10) for the device to respond, during which time the Device
Initialization window will show a Failed status for the GPS unit. When this occurs, wait several
minutes until the GPS indicator light turns green before trying to restart data acquisition. If you
attempt to restart data acquisition before the indicator light turns green, the GPS initialization
process and wait period restarts. If the light fails to turn green, check all connections and
configuration settings, power down, and restart the GPS unit.
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7.1.3.2 System Time Check
7.1.3.2.1 System Time Check

Prior to data acquisition, the system attempts to determine the correct time. Depending on the
configuration, the time will come from either the system operator or from an attached GPS unit.

The manual time set function does not allow viewing or correcting the date (although this
information is visible on the RCC’s main window). To avoid entering very large correction
numbers (that would span days), the operator should use the Windows clock to correct the date if
necessary. The GPS time-setting function will also check and set the date.

7.1.3.2.2 Manual Time Check

If no GPS unit is attached, the operator is prompted for a time check with a dialog box as shown
below.

B Manual T -0 x|

Manual Time Set

Current System Time

10:43:43

Time Conechion [Seconds];

=]
-

Set | Cancel |

Figure 7-4. Manual Time Set window

The operator should compare the displayed time to a known reference time source and determine
if any correction is required. The correction is not entered as conventional time but rather as an
offset (in seconds). For example, if the system clock is leading the reference by 3 seconds, a time
correction of -3 seconds should be entered. Click on Set to correct the time. It is not possible to
set the clock to an accuracy of less than 1 second (for example, a .5-second correction).

7.1.3.2.3 Automatic Time Set

If a GPS unit is attached, the system polls the receiver for the correct time. If a time discrepancy
is detected, the correction is made automatically without operator intervention (unless the
correction exceeds the Clock Correction Threshold specified in the system configuration and the
system is not in automatic mode).

7.1.3.2.4 Correction Threshold

If the correction from either the operator or the GPS unit is outside the limits of the Clock
Correction Threshold (system setup), the operator will be asked to confirm the correction. This
alerts the operator to a potential existing gross error in time and prevents an erroneous correction
from being entered.
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7.1.3.2.5 On-Demand Clock Setting

The operator can set the clock on demand by accessing the time functions from the Set Time
pulldown menu. The Automatic and Manual selections work as described above. If no GPS unit
is configured, the selection for the Automatic time setting is disabled (gray).

Data Acquisition
File Lawout Ret=4miiy
Manual
BORCA Automatic [GPS) ‘
Operatc

B
Figure 7-5. Setting the clock

7.1.3.2.6 Clock-Setting Interval

This is the interval for setting the clock (either automatically or manually) set in the system
configuration Clock Reset Interval parameter.

7.1.3.3 ACR Calibration

The ACR self-calibration is initiated by giving the operator the opportunity to override the
calibration with a previous calibration. Although the ACR calibration should generally be
allowed to commence automatically, there are times when the automatic sequence should be
overridden—for instance, when a calibration has just been performed and for some reason the
session was stopped immediately and restarted).

Prior to starting the automated calibration sequence, the system posts the following dialog box,
which allows the operator several seconds to bypass the automatic calibration and select a
previous calibration.

=]
Cawity Calibration Source
_| Automatic Calibration
Select Previous Calibration

Figure 7-6. Cavity Calibration Source window

A red countdown bar indicates the amount of time left for the operator to make a selection. Click
on Automatic Calibration to proceed with the automatic calibration. If the operator does not
intervene, the automatic calibration will commence within approximately 10 seconds. Clicking
on the red countdown bar can start or stop its progress. Click on Select Previous Calibration to
choose from among historical calibrations. If the operator chooses to select a previous
calibration, the following Calibration Selection window appears.
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ES Calibration Selection =101 x]

Cawvity Calibration Selection List Select Cancel |
Sezz | Date | Time | TPz (uVW) | M Factor |Irrediance| Temp |

385 | 2002/7059/02 | 1&:-35: | | 8952 _ | S92 _8 | 30._
375 | 2002703702 | 15:3Z:-44 | -0.44 | 35z.48 | 8Z3.2 | 30.0
385 | 2002703702 | 14:3Z:-42 | -0.31 | &853.01 | 300.2 | Z&.3
355 | 2002703702 | 13:23:-40 | -0.0& | 853.80 | 3341 | Z27.%
345 | 2002703702 | 12:23:3% | -0.35 | 354.32 | 357.5 | Ze.7
335 | 2002703702 | 11:03:38 | 0.2z | 354.8z2 | 83.% | Z4.8
335 | 2002703402 | 10:07:3& | 0.1% | %55.58 | 3el.5 | Z3.3
315 | z2002/08/30 | 13:00:58 | -0.1&¢ | 853.&2 | 334.0 | 30.7
305 | z2002/08/30 | 12:03:5& | 0.1z | 354.4z | 340.5 | Z3.3
285 | z002/08/30 | 11:03:55 | -0.2& | 855.33 | 355.4 | Z7.3
285 | z2002/08/30 | 10:00:53 | -0.43 | 85&.1z2 | 34z.8 | Z25.1
275 | 2002/08/30 | 09:00:51 | -0.27 | 857.57 | 837.3 | Z2z.7
265 | Z2002/08/30 | 08:02:50 | -0.33 | 958.44 | g541.3 | 135.7 ;ﬂ

Figure 7-7. Previous Cavity Calibration Selection List window

This list includes all ACR calibrations for the current BORCAL. Highlight the desired
calibration (or calibrations, if more than one ACR is in use), then click on Select. If more than
one ACR is in use, both cavities will receive the same options for calibration (either an automatic
self-calibration or a past calibration). It is not possible to calibrate one and select a past
calibration for the other.

By selecting an entry from the list, you will be providing ACR calibration information that was
not determined by an automatic calibration. If the selected entry is not representative of the
current state of the ACR, it will cause incorrect reference irradiance readings. Do not use a
previous calibration as an effort to save time by bypassing the electrical calibration. A previous
calibration should be used only when you are sure that the selected entry represents the current
state of the ACR and there is reason to bypass the calibration—for example, when a session was
stopped (with a terminating calibration) and a new session started immediately.

During the automatic ACR calibration, a status screen appears, as shown below.
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Cavity Calibration

Serial Murnber
31104

YW aiting for thermaopile stability
[ zeconds remaining
TPz [m¥] 1.067418
TPel [mi] 1.067775
W) 274528
W] 0184239
TPe2 [m¥] 1.067470
Temperature [C] 191

TPz [m] -0.000439
M Factor [wdfm™2/my] (953,29

Senzitivity [mY/mW/iocm™2]

Default Senzitivitg 0.071050
|nzoming Sensitivite (0.071050
Mew Sensitivity (0.071049

Figure 7-8. Cavity Calibration window

Fields for the ACR calibration are filled in by the system as the calibration progresses. When the
calibration process is complete, the full information is displayed for about two seconds, and then
the window is removed from the screen. All ACR calibration parameters are written to the
session file. If the operator chooses to use a previous calibration, that information is written to
the file with the actual date and time that the previous ACR calibration was performed.
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7.2 Acquiring Data

When the ACR calibration sequence completes, the active Data Acquisition window appears.

Data Acquisition g|§|®

Eile Layout SetTime

sorca e semenzs DATA Acquisition

LTERLT I Meteorological —

1 |Steve Wilcox Temperature |25.5

I Humid'rty|23.3
Pressurelw
AoD oo

Alarms ASR
son) o) 1o1) Fen] | | —
Scan Groups

ASR 1|2|3|4|5|B|?|a|9|10|11|

MET
Cavity Calibration Schedule
Previous Cavity Calibration Scheduled Calibration
31104 Time |12:28
Time: |11:3'D 2 Interval IGD
Temperature |23.4 %
) Cavity Setup Time
Zenith |17.8 §
31104 |11:DD
M Factor |355.3 % W
Zero Cffset [-0.00004
Calibrate Now |

Figure 7-9. Active BORCAL-SW Data Acquisition window

This screen shows several sections:

e Operator sign-in
e Meteorological
e Alarms

e ASR

e Scan groups

e Cavity calibration schedule.
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7.2.1 Operator Sign-In

The fields in the Operator Sign-In section are active continuously and can be updated as
operators change during the course of data acquisition. Up to three operators may be logged in
and out at one time. To log an operator out, right-click on the name, and a pop-up window will
appear to allow the user to log out. The system will not allow a log out if only one operator is
logged in (at least one operator must be logged in at all times). To log in a new operator, double-
click on the next gray field, and select the operator’s name from the list presented.

The name of a new operator can be added at this point by clicking on New on the Operator Table
List window that appears when logging in an operator.

7.2.2 Meteorological

This field displays the meteorological observations and the estimated AOD. This is updated at
the interval specified in the system configuration Meteorological Scan Rate.

7.2.3 Alarms
Alarms, indicated by a button illuminated in on the window and a periodic audible beep, are

triggered by data acquisition discrepancies for any of the following:
e Meteorological instruments
e Reference instruments
e Standard instruments
e Test instruments.

When an alarm is generated, the cause can be investigated by clicking on the red button. A
window appears that lists all alarm instances and describes the condition that triggered the alarm.

Based on the information provided, take the appropriate action to correct the condition. When the
error is corrected, click on Clear to clear the alarm. Click on Reset on the Data Acquisition
window to clear alarms for all instruments. Clearing an alarm removes all entries from the Alarm
window and mutes the audible beep.

All information about alarms described in this section is written to alarm files in the
BORCAL\DATA SW\[BORCAL ID]NALARMS directory. Formats are the same as those
shown in the figure in each section, and the files are named according to the following
convention:

AAASSS.YYYY-DD
Where

e SSS is the session number
e YYYY-DD is the BORCAL identification number

e AAA is an alarm type designation according to this table.
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Table 7-1. BORCAL-SW Alarm Type File Name Designations

Designation Description

TST Test instruments

REF Reference instruments

STD Standard control instruments
MET Meteorological instruments

The alarm windows are described further below.

7.2.3.1 Reference Alarms

=0
Ger | G | Reference Alarms
Time | Instrument 1 ] Value | Instrument 2 | Value | Failure

10:52:011 { 1 | Cavity Stability | 3.96 | Batioc > 0.20%

Figure 7-10. BORCAL-SW Reference Alarms window

The window above shows the time of the alarm, the two instruments and values involved, and
the test that caused the alarm.

Reference alarms can be triggered by several tests:

e Multiple reference: If more than one ACR or more than one diffuse reference instruments
are deployed, simultaneous readings from each instrument must be within the bounds
specified in the system configuration. The failure is described with the threshold ratio.

e Cavity stability: If the ACR stability score exceeds the threshold in the system
configuration, the ACR will be listed under Instrument 1 (with no value), and the Cavity
Stability notation will be listed under Instrument 2 with the actual ratio as the Instrument
2 value. The failure is described with the threshold ratio.
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7.2.3.2 Test Instrument Alarms

I el
Gexr|  Close | Test Instrument Alarms

1..Ins

I t 1L.Gxrp | Tdx | Current | Prewvious | Failure
09:54: 26| 3| g.396 | -0.799 | Ratio > Z2.0%

09:53: 521 33253 | 12 | 1] -0.79% | 3.397 | Ratio > 2.0%

Figure 7-11. BORCAL-SW Test Instrument Alarms window

Test instrument alarms are generated when the ratio between the adjacent responsivity results for
an instrument differs by a value greater than the threshold set in the system configuration. When
this occurs, the time of the event is listed along with the serial number of the instrument, its scan
group and index, and the two readings (current and previous) that triggered the alarm. The failure
is described with the threshold ratio.

7.2.3.3 Meteorological Instrument Alarms
Meteorological instrument alarms are similar to the Test Instrument Alarms described above.

7.2.3.4 Control Instrument Alarms

(5]
Gear | Cose | Control Instrument Alarms

| Instrument 1 ] ‘Value | Instrument 2 | Value | Failure

10:55:38| Global Reference | 528.3 | STD02-01 25825F3 | &59.9 | Batio > 5.0%

Figure 7-12. BORCAL-SW Control Instrument Alarms window
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Control instrument alarms are generated when the difference in measured irradiance of a control
instrument and the reference irradiance is greater than the threshold specified in the system
configuration. When this occurs, Instrument 1 will indicate either the global or direct reference
and the value, and Instrument 2 will show the control instrument affected (listed as a standard
control instrument, or STD, with its group, index, and serial number) and its irradiance
measurement. The failure is described with the threshold ratio.

Frequent control instrument alarms could indicate that the responsivity of the instrument has
changed since its designated calibration.

7.2.4 ASR

The atmospheric stability is monitored via the ASR display on the Data Acquisition window.
This sliding indicator shows the current ASR score (color-coded) and the relative position of the
stability within that score.

ASR

Figure 7-13. ASR score indicator

The display is updated at the rate specified for the Stability Interval in the system configuration.

7.2.5 Scan Groups
Several options to view data are accessible from the Scan Group section.

Scan Groups
ASR 1|2|3]4|5|ﬁ|?|3|9|10|11|
REF '12| '13| '14| '15| '1BI

MET

Figure 7-14. BORCAL-SW scan groups buttons

Click on the Scan Groups title to display a window that shows a reference list of all groups and
the types of instruments in each group, as shown below. The group number in this list
corresponds to the numbers shown on the scan group buttons.
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Instrument Types E|E|®

Instrument Type
Eppley 8-43

Eppley FPF

Eppley MIP

Eppley PSP

Kipp & Zonen CH1
Kipp & Zonen CM11
Licor LIZ00

Licor LIZ015B
Schenkc Star

10 Kipp & Zonen CM11
11 Kipp & Zonen CM11
12 Kipp & Zonen CM21
13 Kipp & Zonen CM22
14 Kipp & Zonen CM3

15 Eppley PSP

EEE‘JEEEEEE?

Figure 7-15. BORCAL-SW Instrument Types window

7.2.5.1 Scan Buttons

The scan buttons indicate when an instrument group is being scanned by changing from gray to
blue. Click on Scan of any instrument group to graph data from that group. A graph appears that
displays the following information:

Instrument responsivity (selectable)
Irradiance (selectable)

Instrument voltage (millivolts) (selectable)
ASR conditions

Alarm conditions.

If the instrument group is configured for ENICR, additional graphs are available:

Corrected responsivity, irradiance, and voltage (toggle)

Effective Net Infrared Irradiance for the pyrgeometer and instruments with case
thermistors (selectable)

Pyrgeometer and instrument case temperature (selectable)

Pyrgeometer and instrument dome temperature (selectable).

Click on the Scan Groups title to view the list of instrument types in each scan group. A typical
instrument group plot is shown below.
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Figure 7-16. BORCAL-SW instrument group plot

The areas of this window are described as follows:

e The group number and instrument type are displayed in the window title bar.

e The plot area shows the history of data acquisition for the selected group. Data from the
entire day will be plotted (see scaling options below) unless the BORCAL configuration
is modified. In this case, only data since the configuration change will be plotted. If alarm
conditions were encountered, the data point is marked by an X on the plot in the same
color as the trace.

e The instrument key (by trace color) is shown at the right of the window along with the
most recent data value for each measurement.

e Select from among the parameters by using the Plot Type selector:

o Responsivity: shows the current estimated instrument responsivity. (This may
differ slightly from the final responsivities because of interpolation of the
reference cavity M factor across the session.)

o Irradiance: plots the reference instrument data (direct beam and diffuse), the
calculated global reference irradiance, and the irradiance data from the control
instruments if any are included in the scan group.

o Voltage: plots the output voltage for each instrument. If the group is configured
for ENICR, additional selections will be available. Click on the Corrected check

box to toggle between the display for the corrected and uncorrected values for
responsivity and voltage.

o Effective net infrared: displays the effective net infrared irradiance as measured
by the pyrgeometer and instrument case temperatures (if so configured).
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o Case temperature and dome temperature: display the pyrgeometer and instrument
case and dome temperatures, respectively.

e Use the controls for Y-Axis Scaling, Start Time, and Samples to Display to scale and
position the plot.

e Pause or restart the plot by using the Plot Update control.

e The ASR score for each data acquisition scan is displayed next to the color at the top of
the plot.

e If'the instrument is configured for a tilt calibration, the Tilted box in the upper right
corner is checked.

e C(Click on the button in the upper right corner of the plot to toggle between the full view
(as shown) or a condensed window that shows only the plot. This allows more plots to be
viewed on the desktop at the same time.

e Click on the serial number or colored graph key next to the serial number to display a
responsivity history plot for any instrument in the scan group plot. This plot is similar to
the plots that appear in the BORCAL reports (see figure below). Dismiss the plot by
clicking on the X in the upper right corner.

e Close the graph by using the standard window close button (X in upper right corner of
window).

010258 Kipp & Zonen CH1

History of instrument at | = 45

10.50-
— 10.85-
= 10.88-
= 10.87-
10.86-
10.85-
@Lm.m—
T 10.83-
10.82- - - - - - - - - - - !
200501 200503 200602 200604 200702 200801 200803 200901 200503 201001 201003 2011401

BORCAL

ansivity [ md

| #* R (without radiometer net infrared respansivity adjustment} o R

Figure 7-17. BORCAL-SW History of Instrument pop-up window

7.2.5.2 Meteorological Data

Click on MET from among the Scan Group buttons to access a plot similar to the scan group test
instrument plots. Controls are similar to those described for the scan group, but the Plot Type

selector chooses parameters from among Temperature, Humidity, Pressure, and Aerosol Optical
Depth.
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7.2.5.3 Reference Instruments

In addition to the irradiance plots described in the Scan Group section, the most recent
measurements for reference instruments are available from the reference display. Access the
display by clicking on REF from among the Scan Group buttons. This brings up the window
shown below.

.

Reference

Reference Values
Time: [[EEEEE M

Reference  Instrument 1 Instrument 2
Direct | [3384 5384 29219 If.f

Dif /Dir Limit (%) 3.5 1.8 Percent Diffuse of Direct

Diffuse Horizontal 1126 32858 109.0 3280

Global Horizontal 216 Percent Diffuse of Global

Ii A If (i
If A Percent Diffuse of Global

Diffuse Tilt

Global Tilt

LA

Figure 7-18. BORCAL-SW Reference Values window

This window shows the following information. (When more than one reference instrument of
each type is in use, the individual instruments are listed under the appropriate instrument column.
e Time: time of the most recent measurement by the reference instruments.

e Direct: direct normal (ACR) reading. (When more than one reference instrument of each
type is deployed, as shown with the diffuse in the example above, the individual
instruments are listed under the appropriate instrument column. The average of the two
instruments is shown in the Reference column.)

¢ Diffuse/direct limit (percent): current calculated ratio limit (left) and actual ratio (right).
The calculated limit is based on the Diffuse/Direct Maximum Limit as specified in the
system configuration and the current zenith angle. See discussion of Max Diffuse/Direct
in Section 6.7.3 on System Configuration.

e Diffuse horizontal: reference diffuse horizontal measurement

e (Global horizontal: calculated global horizontal irradiance using the direct and diffuse
horizontal reference measurements

¢ Diffuse tilt: reference diffuse measurement on a tilt (if configured)
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e Global horizontal: calculated global irradiance on a tilt using the direct and diffuse tilt
reference measurements

e Percent diffuse of global: ratio of diffuse divided by global.

This information can be helpful when troubleshooting reference alarms.

7.2.5.4 ASR Data

Click on ASR from among the Scan Group buttons to monitor the readings from the ASR
instruments. A sample plot is shown below.

T ASR MEIET
ASR Values

Max Interval Delta (VW /m™2)

- |1.5?1D

PY1730 GLO
29219 CAV
32858 DIF
32871 DIF

I

Percent fram Mean

One Minute Statistics

Mzz Variability (W./m™2)[4.15

Max Slope {".’u’fm"ﬂ:"l'u'linute}IEE.l}d

Figure 7-19. ASR Values window

This plot shows the ASR slope and variability readings during 60-second interval. The data in
each curve has been normalized to the mean of the respective data sets to allow for uniform
plotting. The dotted lines show a least-squares regression line through the respective data sets.
The plots display the percent deviation from the mean for each instrument. Plot scaling is
automatic and may change abruptly during times of rapidly varying atmospheric stability.

The window also shows the color-coded ASR score at the top. In all cases, the smaller the
number, the more stable the solar signal. (The color will be white until an ASR score is
determined at the start of a session.) The following values are listed at the bottom of the window:

e Maximum variability: greatest variability among all instruments in the ASR group

e Maximum slope: greatest slope (in W/m?*/minute) among all instruments in the ASR
group.
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7.2.6 Cavity Calibration Schedule

This section displays information on the current and scheduled ACR calibration. It includes the
following:

e Previous cavity calibration: shows several cavity parameters at the most recent self-
calibration

e Scheduled calibration: shows the time of the next calibration and the calibration interval

e (Cavity setup time: shows the setup time(s) for the ACR(s)

e (alibration now: initiates an ACR calibration manually when clicked.

7.2.7 Session Log

The operator can make notes at any point during data acquisition by accessing the Session Log.
By clicking on Session Log, an editing window appears that includes a record of several current
measurements and allows the operator to enter text. A typical log entry screen is shown below.

{)perator Session Log il

Date [04-13-2002

BORCAL [2002-1
Session 8

Session Start Time 07:30:20
Session End Time 08:33:22

Serial Number  Setup Time Multiplier (beginning)

Multiplier (ending)

Operator 1 |Steve Wilcox

Cavity 1 30713 | 558 | 18560 | 3553 |
Cavity2 31104 | 55 | 18552 | 5543 |
Sy Conditions # Comments

|l Winds 810 m.s from the west. The cavities are tracking each other quite well... staying within a fraction d
of a watt. Skies are clear; slight cirmus to the north, cumulus still at mountain top level to the west. Cavity
30713 lost a data poirt. | saw it do this yesterday... not sure what’s going on.

[
Zerith 52,66

Jid
ssh N Direct 2512 % Diffuse 14.4 Qancell Done |

Figure 7-20. Operator Session Log window

If configured, the system will prompt the operator for a log entry at regular intervals (set in the
system configuration). When the specified interval has passed, the Session Log button will blink
yellow and make a sound to indicate that a log entry should be made.
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Figure 7-21. BORCAL-SW Data Acquisition window showing the highlighted Session Log button

The interval timer resets when the session log is completed and closed.

Comments entered by the operator in the Session Log will appear in the Final Report (but not in
the Customer Reports). Efforts should be made to use correct spelling and grammar and to limit
topics and phraseology to those consistent with an official distributed document.

7.2.8 Layout

When an operator has configured a convenient positioning of all plots and displays on the screen,
the layout can be saved by accessing the Layout pulldown menu.

Data Acquisition

File §ERNE Sek Time

Get Layout

Sawe Layouk o

B SRR ) §

Figure 7-22. Selecting a layout for data acquisition

Save the layout by choosing Save Layout and giving it a name in the subsequent dialog box.
Retrieve a layout by choosing Get Layout and selecting the desired layout name from the
subsequent dialog box. When a layout is retrieved, the configuration of windows and plots on the
screen is restored to that at the time the layout was saved. If the number of windows has changed
(for example, because of a differing number of instrument groups from one BORCAL to the
next), both nonexistent and surplus windows will be ignored. In such cases, the configuration
should be resaved after the desired layout is configured.

7.2.9 Quit

End the data acquisition session by clicking on End Session on the Data Acquisition window.
Prior to ending the data acquisition, a confirmation message appears as shown below.
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i

End Session Mow?

.................................

Figure 7-23. End Session Now? window

Designate the session validity by checking the Valid Session box. End the session by clicking on
Yes. To continue with uninterrupted data acquisition, click on No.

By indicating an invalid session, no data are lost. The operator may later change the session
status by using the session validity editor under the main Edit menu.

If you choose to end the session, the system performs an ACR calibration (and includes the
option to select a historical calibration, as described in Section 7.1.3.3on ACR Calibration
above). When the ACR calibration is complete, the Data Acquisition window is removed from
the screen.
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8 BORCAL-LW Data Acquisition

Data acquisition is accomplished by running multiple data acquisition sessions (referred to in this
manual as a session). This section provides details for running a session.

8.1 Starting a Session

From RCC’s main window, select the LW BORCAL type, then select Acquisition—>Run Session.
The software performs an automatic check of the system integrity. If a configuration discrepancy
is found, an alert appears in a pop-up window, and the operator should correct the problem. The
system will not initiate data acquisition if a configuration discrepancy is found.

== Radiorneter Calibration and Characterization = ﬂ

File  Edit An:qulﬁltu:unllﬁenerate Yiew Help

Run Session |
I-on Systern Test Ode ERCG Mﬂiil

Channel Check

ﬁ“[iﬂﬁﬁﬁ.u. : art Longwave BORCAL [ 201502
Shertwave; Auto Start Shor
................. ortwave: I~ Auto Stan Shonwave Date [05/13/15

Time I 16:59.25
Zehith I BE.54

ik
Cam - Azimuth | 276,96
4 1 -I
&g NR=L Tik Incident]|

Figure 8-1. Starting a BORCAL-LW session from RCC’s main window

If the configuration passes the system integrity check, the Data Acquisition window appears, as
shown below.
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Figure 8-2. BORCAL-LW Data Acquisition window

8.1.1 Start Data Acquisition
Click on Begin Session to initiate data acquisition. The following events occur:

e Device initialization
e System time check
e The system begins scanning instruments.

8.1.1.1 Device Initialization

All devices attached to the system are initialized prior to data acquisition. If any of the
initializations fail, a message is displayed in an error window.

w= Error x|

Inable to intialize GPIB boards

Ok

Figure 8-3. Sample BORCAL-LW device initialization error message

If necessary, check all connections and the communications configuration related to the device.
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The GPS unit model 58533 A may need several minutes to initialize. If it shows a Failed status
and the GPS status indicator light is red, RCC will issue a device initialization command. It may
take several minutes (less than 10) for the device to respond, during which time the Device
Initialization window will show a Failed status for the GPS unit. When this occurs, wait several
minutes until the GPS indicator light turns green before trying to restart data acquisition. If you
attempt to restart data acquisition before the indicator light turns green, the GPS initialization
process and wait period restarts. If the light fails to turn green, check all connections and
configuration settings, power down, and restart the GPS unit.

8.1.1.2 System Time Check
8.1.1.2.1 System Time Check

Prior to data acquisition, the system attempts to determine the correct time. Depending on the
configuration, the time will come from either the system operator or from an attached GPS unit.

The manual time set function does not allow viewing or correcting the date (although this
information is visible on RCC’s main window). To avoid entering very large correction numbers
(that would span days), the operator should use the Windows clock to correct the date if
necessary. The GPS time-setting function will also check and set the date.

8.1.1.2.2 Manual Time Check

If no GPS unit is attached, the operator is prompted for a time check by the dialog box shown
below.

B Manual T -0 x|

Manual Time Set

Current System Time

10:43:43

Time Comection [Seconds|:

=|0
b

Set | Cancel |

Figure 8-4. Manual Time Set window

The operator should compare the displayed time to a known reference time source and determine
if any correction is required. The correction is not entered as conventional time but rather as an
offset (in seconds). For example, if the system clock is leading the reference by 3 seconds, a time
correction of —3 seconds should be entered. Click on Set corrects the time. It is not possible to set
the clock to an accuracy of less than 1 second (for example, a .5-second correction).
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8.1.1.2.3 Automatic Time Set

If a GPS unit is attached, the system polls the receiver for the correct time. If a time discrepancy
is detected, the correction is made automatically without operator intervention (unless the
correction exceeds the Clock Correction Threshold specified in the system configuration and the
system is not in automatic mode).

8.1.1.2.4 Correction Threshold

If the correction from either the operator or the GPS unit is outside the limits of the Clock
Correction Threshold (system setup), the operator will be asked to confirm the correction. This
alerts the operator to a potential existing gross error in time and prevents an erroneous correction
from being entered.

8.1.1.2.5 On-Demand Clock Setting

The operator can set the clock on demand by accessing the time functions from the Set Time
pulldown menu. The Automatic and Manual selections work as described above. If no GPS unit
is configured, the selection for Automatic time setting is disabled (gray).

Data Acquisition

File Lawout ESt=smpiiy]

Manual
BORCA Automatic [GPS) ‘

Operatc

B
Figure 8-5. Setting the clock

8.1.1.2.6 Clock-Setting Interval

This is the interval for setting the clock (either automatically or manually) set in the system
configuration Clock Reset Interval parameter.
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8.2 Acquiring Data

The Data Acquisition window is shown below.

&2 Data Acquisition

Eile Layout SetTime
- - L
sorcaL 201502 sesson 33 L VW Data Acquisition

Meteorological

Begin Session | Temperature |14.1

Quit Rel. Humidity |55.9
Pressure W

Est. PWV 155

Alarms
met| mrer| Ttam| TP | Reset| Last Scan Alams [0
Scan Data

REF TST Scan Time (s} |3.7‘E\9-|]

Figure 8-6. Active BORCAL-LW Data Acquisition window

This screen shows the following sections:

e Meteorological
e Alarms
e Scan data.

8.2.1 Meteorological

This section displays the meteorological observations and the estimated PWV. This is updated at

the same interval as the test instruments.

8.2.2 Alarms

Alarms, indicated by a button illuminated in red on the window and a periodic audible beep, are
triggered by data acquisition discrepancies for any of the following:

e Meteorological instruments

e Reference irradiance

e Thermistor temperature (reference or test)

e Thermopile signal (reference or test).

When an alarm is generated, the cause can be investigated by clicking on the red alarm button. A
window appears that lists all alarm instances and describes the condition that triggered the alarm.
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Based on the information provided, take the appropriate action to correct the condition. When the
error is corrected, click on Clear to clear the alarm. Click on Reset on the Data Acquisition
window to clear the alarms for all instruments. Clearing an alarm removes all entries from the
Alarm window and mutes the audible beep.

All information about alarms described in this section is written to alarm files in the
BORCAL\DATA LW\[BORCAL ID]NALARMS directory. Formats are the same as those
shown in the figure in each section, and the files are named according to the following
convention:

AAASSS.YYYY-DD
Where

e SSS is the session number
e YYYY-DD is the BORCAL identification number

e AAA is an alarm type designation according to the table below.
Table 8-1. BORCAL-LW Alarm Type File Name Designations

Designation Description

_TP Thermopile signal

REF Reference irradiance

THM Thermistor temperature
MET Meteorological instruments

The alarm windows are described further below.

8.2.2.1 Reference Alarms

45§ Reference Alarms D
Gear | e | Reference Alarms
Time

Instrument 1 Value Instrument 2 WValue Failure

20150526 14:11:52.187| 30557F3 | 30557F3 |-9900.0 | Pre-Post Delta

Figure 8-7. BORCAL-LW Reference Alarms window

This window shows the time of the alarm, the two instruments and values involved, and the test
that caused the alarm.
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Reference alarms can be triggered by several tests:

e Multiple reference: If more than one reference pyrgeometer is in use, simultaneous
readings from each instrument must be within the bounds specified in the system
configuration. If not, the time of the event is listed along with the serial number of the
instrument and the two readings that triggered the alarm. The failure is described with the
threshold ratio.

e Reference stability: Reference irradiance is measured before and after measuring test
instruments. If this delta exceeds the threshold in the system configuration, the time of
the event is listed along with the serial number of the instrument and the difference
between the two pre and post readings that triggered the alarm. The failure is described
with the threshold ratio.

8.2.2.2 Thermopile Alarms

=& Thermopile Alarms - .
=l == Thermopile Alarms
Time

Instrument Current Previous Failure

20150526 14:09:02.185] FT002 | -0.460 | -9900.000 | Ratio > 5.0
20150526 14:08:52.181| FI002 | -9900.000 | -0.454 | Ratic > 5.0

Figure 8-8. BORCAL-LW Thermopile Alarms window

Thermopile alarms (both test and reference) are generated when the ratio between the adjacent
responsivity results for an instrument differs by a value greater than the threshold set in the
system configuration. When this occurs, the time of the event is listed along with the serial
number of the instrument and the two readings (current and previous) that triggered the alarm.
The failure is described with the threshold ratio.
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8.2.2.3 Meteorological Instrument Alarms

EMFFN&NE‘ [
G | “_“| MET Instrument Alarms

] ] | Previgus | Failure
20150526 14:10:02.177| Y0550020 | 816.133 | 721.944 | Delta > 5.0
20150526 14:09:52.185]| Y0550020 | 721.944 | 816.212 | Delta > 5.0

Figure 8-9. BORCAL-LW Meteorological Alarms window

Meteorological instrument alarms are similar to the Test Instrument Alarms described above.

=
Thermisto_r Alarms

Tnstrument 2 | Value | Failure
Air Temperature | 14.6 | Case Delta > 10.0 !

8.2.2.4 Thermistor Temperature Alarms
=a Thermistor Alarms .

Clear | Close |
Time

20150526 14:07:02.178| FT002 |-9900.0 |

Figure 8-10. BORCAL-LW Thermistor Alarms window

All instrument case and dome temperatures are compared to ambient air temperature. Thermistor
temperature alarms (both test and reference) are generated when the difference in thermistor
temperature and air temperature is greater than the threshold specified in the system
configuration. When this occurs, Instrument 1 will indicate the serial number of the instrument

and the value, and Instrument 2 will show the air temperature. The failure is described with the
threshold ratio.

8.2.3 Scan Data

Two options to view data are accessible from the Scan Data section.
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Scan Data

REF TST

Figure 8-11. BORCAL-LW Scan Data buttons

Click on TST to graph data from all instruments. A graph appears that displays the following
information:

e Reference irradiance (selectable)

e Instrument voltage (millivolts) (selectable)

e Reference and test instrument case temperature with air temperature (selectable)
e Reference and test instrument dome temperature with air temperature (selectable)
e Relative humidity (selectable)

e Pressure (selectable).

A typical instrument plot is shown below. (Case temperature is selected.)

5 LW Scan Graph [ =@ |[ =]
304- g E1220001-T
/ N 30557F3
280 31197F3
N/ \ et
260 00DDTH
-
[, '\/\/ i \ 31199F3
240
31203F3
© o — 31206F3
= A 31237F3
§ 2005 siom — 323093
E — 36362F3
= 180 ] — 36369F3
__f__”‘w —— FTO02
16.0
140
120 —
109-! —
11:33:0212:00:00 12:33:20 13:06:40 13:40:00 14:13:20 14:46:40 15:20:00 15:53:20 162640 17:00:00 17:33:2017:59:22
Time
Y-fods Scaling Plot Type Flot Update
) Resume [ [ Pause
Maxdmum gSDADD Auto : ; i : | |
Minimum g‘ID.EDD Manual Imadiance  Voltage Case Temp Dome Temp Humdity — Pressure

Figure 8-12. BORCAL-LW Scan Graph window

Each area of the window is described below:

e The plot shows the history of data acquisition for the selected group. Data from the entire
session will be plotted (see scaling options below) unless the session is interrupted. In
this case, only data during the current session will be plotted.

e The instrument key (by trace color) is shown at the right of the window.
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e Select from among the parameters by using the Plot Type selector.
o Irradiance: plots the reference instrument data
o Voltage: plots the output voltage for each instrument including the reference

o Case temperature and dome temperature: display the case and dome temperatures,
respectively, for all instruments. The air temperature is included for comparison.

o Humidity and pressure: display the metrological data from those sensors.

e Use the controls for Y-Axis Scaling, Start Time, and Samples to Display to scale and
position the plot.

e Pause or restart the plot using the Plot Update control.

e Click on the button in the upper right corner of the plot allows the window size to be
toggled between full view (as shown) or a condensed window showing only the plot. This
allows more plots to be viewed on the desktop at the same time.

e Right-click on the items in the legend to change attributes of each curve (such as
visibility, color, line type).

e Close the graph by using the standard window close button (X in upper right corner of
window).

In addition to the irradiance plots described in the Scan Group section, the most recent
measurements for reference instruments are available from the reference display. Access the
display by clicking on REF from among the Scan Group buttons. This brings up the display

shown below.
mx Reference - [-_-l-f-lghl
Reference Values

Time:

.............

Average | 3943 | [16  MaxDeha

010547 | |3935 | [01  Pre-Post Scan Deka

30557F3 | [395.1 {05 Pre-Post Scan Delta

Figure 8-13. BORCAL-LW Reference Values window

This shows the following information. (When more than one reference instrument of each type is
in use, the individual instruments are listed under the appropriate instrument column.)

e Time of the most recent measurement by the reference instruments

e Average irradiance of all reference instruments followed by the maximum difference
observed between any references. Both in W/m®.
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e Irradiance of the first reference instrument followed by the difference between the pre
and post scan of that reference. (This is then repeated for any additional references that
are configured.) Both in W/m®.

This information can be helpful when troubleshooting reference alarms.

8.2.4 Quit

End the data acquisition session by clicking on Quit on the Data Acquisition window. Prior to
ending the data acquisition, a confirmation message appears, which is shown below.

wm Cluit LY Data Acquisition x|

Sire you sure you want to quit LW Data Scquisition?

Yes Mo

Figure 8-14. BORCAL-LW Quit Data Acquisition confirmation message
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9 Data Collection Automatic Start and Shutdown

RCC version 4.0 supports data collection automatic start-up and shutdown. Because there are
two BORCAL types (LW and SW) and there is the nighttime requirement for LW, which is
usually unattended, the preferred RCC data collection mode is automatic; however, manual start-
up (as discussed in previous sections) is still supported.

The zenith angles at which the LW and SW events begin and finish are configured in the system
configuration screen of each LW and SW event. These zenith angles are already configured and
will be copied when the user creates a new event. These values should not be changed unless
instructed to do so by the BORCAL technical manager or deputy.

Data collection for the SW and LW events can be started (or stopped) manually; however, under
all conditions (automatic or manual), the event will stop at the configured zenith angle (typically
just before sunset for SW and just before sunrise for LW). In addition, if the user attempts to
manually start a SW or LW event at the wrong zenith angle, the software may immediately
terminate the data collection. For example, if you start a SW event between sunset and midnight,
the software will automatically terminate it; and if you start a LW event between sunrise and
solar noon, the software will automatically terminate it. Also, the software will not allow SW and
LW to collect data simultaneously (automatic or manual).

For automatic start-up, the user must enable this feature the first time RCC is launched (or after
making configuration changes or data processing); it is not enabled by default. This is enabled by
placing a check mark next to the box for Auto Start Longwave and/or Auto Start Shortwave on
RCC’s main window.

E% Radiometer Calibration and Charactenzation - L — |

File Edit Acquisition Generate View Help

Longwave Mode pur*ss

Longwave ¥ Huto Start Longwave: BORCAL [ 201501
Shortwave [T Auto Start Shortwave Date Im
| Time IW
Zenith | 36.25
Azimuth | 139.31

E 3
L amt -
Y 1
&;"& rla:_ Tikt |r1c:iderlt|

Figure 9-1. Enabling automatic start on RCC’s main window
The position of the LW/SW mode switch (on the far left) does not matter; the software will
automatically change it at the appropriate zenith angle.

It is important to ensure that the automatic start is enabled if you expect the software to
automatically start data collection; therefore, ensure that it is checked daily or after any of the
following events take place:

e RCC is restarted
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e Computer is restarted

e A user makes any selections in the menu (such as configuration, shade/unshade, database
modifications, exporting, data processing, report generation)

e The software encounters an irrecoverable error during data acquisition (such as a problem
with the data collection hardware)

e The operator did not validate all instruments and sensors during the shade/unshade (also
known as a light/dark) test.

If the user manually stops data collection after it has started automatically, the software will
restart data collection (if you are still in the valid zenith angle range). Therefore, if you must stop
data collection, first uncheck the Auto Start Longwave and/or Auto Start Shortwave from the
main window, then stop the data collection from the Data Acquisition window.

Conditions under which an automatic start or manual start can occur:

e Automatic SW launch will occur only from sunrise’ to solar noon
e Automatic LW launch will occur only from sunset’ to midnight

e Manual SW launch is permitted only from midnight to sunset’ (and no data collection is
currently running)

e Manual LW launch is permitted only from solar noon to sunrise’ (and no data collection
is currently running).

For example, based on the conditions above, if SW data collection is not currently running and
the user needs to launch it after solar noon, they must manually start it first, and then enable the
Auto Start Shortwave check box after data acquisition has started. If the user were to simply
enable the check box (without manually starting data acquisition first), the software would wait
until the next day to automatically launch the SW data acquisition.

" The zenith angle for sunrise and sunset are defined in the SW and LW system configuration.
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10 Database Editing Tools

Use the tools described in this section to view, change, or add information to the data tables or
system parameters.

Some tables contain system-generated information that can be viewed but not edited. In general,
you can edit only operator-generated information in tables. Event configuration edits must be
accessed through the BORCAL configuration process.

10.1 Overview
10.1.1 Field Colors

The color of a field indicates its status (see Table 10-1). Blue and yellow fields must contain
information (i.e., they are mandatory fields). White fields contain optional information (i.e.,
information that is not necessary to complete system tasks).

Table 10-1. Color-Coding as Related to Field Status

Mandatory Fields Optional Fields
Related (may not be edited) Blue
Nonrelated (editable) Yellow White

Blue fields indicate that the field contents are obtained from values in other system tables
(related tables); they may not be directly edited.

Yellow fields indicate that the field contents do not relate to values in other system tables; you
can directly enter or edit these fields.

White fields indicate optional information; you can edit these fields.

10.1.2 Valid Ranges

Many fields have an error-checking feature to validate the range entries. If you enter a value
outside of the valid range, the field acquires a red border when you click on Accept. In addition,
a pop-up menu appears that indicates the acceptable ranges for the field; enter a value within this
range, and click on Accept.

10.2 Database Maintenance

The RCC database holds information about instruments, customers, and the BORCAL
configuration. In addition, the database contains certain information that is created by the system,
such as data acquisition records and calibration results. As a general rule, those sections can be
viewed, but they are not editable by the system operators.
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All data tables have a field for comments in each record. These allow the operator to enter free-
form text to document any aspect of the BORCAL event or make specific instrument notes. The
comments from most tables will appear in the Final Report and the Customer Report; hence,
efforts should be made to use correct spelling and grammar (RCC does not have a spell-checker)
and limit topics and phraseology to those consistent with an official distributed document.

10.2.1 Editing Overview

Select Edit—>Data Base from the main window.

Radiometer Calibration and Characterization E|E|@
File | Edit Acguisiton Generate Wiew Help

BORCAL /Session
Session Validity
Data Incusion/Excusion

Operator Log Calibration Fadility
Customers
Instrument Type
Operators
Operator Log
Sessions

Cavity Inventary

Control Unit Inventory
Data Logger Inventory
Pyrgeometer Inventory
GPS Inventory

Met Instrument Inventory
Radiometer Inventory
Voltmeter Inventory

Cavity Configuration

Data Logger Configuration
Diffuse Configuration
Pyroeometer Configuration
GPS Configuration

Session Configuration
System Configuration

Calibration Data

Figure 10-1. Database maintenance menu selections

From the pull-down menu, select the specific table. The Database Maintenance window for the
selected table appears. (The available tables in the menu will change depending on what
BORCAL type is selected [SW or LW]. Only tables that pertain to the BORCAL type will be
shown.) As an example, the window for the Instrument Type table maintenance is shown below.
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Data Table Maintenance

Instrument Type

EKO MS-801
Eppley 406 =

Editl ﬁewl

Manufacturer IAIH
Madel [AB-24%
Description |Inte||isensor |l Barometer
Uss [EAR _|  Est. Themnal Offset Emor (W/m? [9500.0
Comments [~ Maximum Output
Millivolts (Themopile) W
IR Comectable [ lOhms (Case Themistor) W
kCOhms (Dome Themistor) W

Gk B Rl LRGHE D

Figure 10-2. Example Table Maintenance window

The Table Maintenance window shows the table name at the top under the title. The window lists
all records in a given table, which are accessible by scrolling to locate a record. Click on the
record entry to display its information. The window contains the following options:

Edit

New

Delete

Exit

Cancel (Edit and New modes only)
Done (Edit and New modes only).

10.2.1.1 Edit, New, Done, and Cancel

Select Edit to change one or more values in the displayed fields or New to add a record. When
either Edit or New is selected, the window appearance changes to allow you to enter new fields
in a record or edit the existing fields. The color coding of the fields is described below:

Yellow fields: type information (such as the instrument’s serial number) directly into the
field.

Blue fields: click on the field to obtain a list of valid entries; select the appropriate item
for the field from the list.

White fields: this is optional.
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In addition, the Done and Cancel buttons on the window are enabled. Not all ficlds are editable
(generally, those generated by the system are not), and in such cases the editing capabilities of
the field will be locked and will not respond to editing.

To exit either the Edit or New modes, do one of the following:

e Select Done to save the information. If all values are acceptable (pass validity checks),
the system saves the changes and the record appears highlighted on the onscreen list.

e Select Cancel to exit the Edit mode without saving the information.

10.2.1.2 Delete

The Delete function allows you to remove a record from the data table. In cases when a record is
related to another part of the database, removing a record will be blocked. For example, if you
attempt to remove an instrument type record that is referred to by one or more records in the
instrument inventory, the action will not be allowed. This is because all instruments must have
an Instrument Type designation, and allowing the removal of an in-use instrument type would
leave some instruments without a value in a mandatory field.

10.2.2 Data Table Overview
The following table lists and briefly describes all tables in the RCC database.

Table 10-2. RCC Database Tables

Table Name Description

BORCAL Top-level information about each BORCAL-SW (date, report status,
meteorological means)

BORCAL_IR Top-level information about each BORCAL-LW (date, report status)

CALDAT BORCAL-SW calibration results (responsivities, uncertainties, validity)

CALDAT _IR BORCAL-LW calibration results (coefficients, uncertainties, validity)

CAVCFG ACR configuration parameters (WRR numbers, uncertainty, electrical
characteristics,

CAV_INV Cavity instrument inventory (calibration parameters and calibration
dates)

CON_INV Cavity control unit inventory (operating parameters and calibration
dates)

CUSTOMER Customer names and contact information

DIFCFG Diffuse reference instrument configuration (responsivities, calibration
dates, shading disk geometry)

DVM_INV Digital voltmeter inventory

FACILITY Calibration facility name and geographic and environmental information

GPSCFG SW GPS configuration parameters (communications parameters)

GPSCFG_IR LW GPS configuration parameters (communications parameters)
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Table Name Description

GPS_INV GPS inventory

INST_TYPE Instrument type definitions (manufacturer, model, output voltage, and
RCC deployment type)

LOGCFG SW data logger configuration parameters (calibration due dates,
communications parameters)

LOGCFG_IR LW data logger configuration parameters (calibration due dates,
communications parameters)

LOGGER_INV Data logger inventory (type and calibration dates)

MET_INV Meteorological instrument inventory for temperature, humidity and
pressure probes (offset and scale parameters)

OPERATOR SW operator names

OPERATOR_LOG SW operator log-in information (time and date for log in and log out)

PYG_CFG Configuration parameters for each reference pyrgeometer included in
the BORCAL-SW (configuration information, instrument identification
number, calibration data)

PYG_CFG_IR Configuration parameters for each reference pyrgeometer included in
the BORCAL-LW (configuration information, instrument identification
number, calibration data)

PYG_INV Inventory of reference pyrgeometers (instrument type, calibration data)

RAD_INV Radiometer inventory (instrument type, current customer, current valid
BORCAL for responsivity)

SESSION SW session information (start and end times, configuration pointers,
software version stamp)

SESSION_IR LW session information (start and end times, configuration pointers,
software version stamp)

SESS_CONFIG SW configuration parameters for each instrument (deployment, tilt,
grouping, location, channel/cabling, thermistor parameters)

SESS CONFIG_IR LW configuration parameters for each instrument (deployment, tilt,
grouping, location, channel/cabling, thermistor parameters)

SYSTEM SW system configuration parameters (error thresholds, scan rates, tilt
parameters)

SYSTEM_IR LW system configuration parameters (error thresholds, scan rates, tilt
parameters)

Each data table is fully described in the following sections. Only fields indicated with a check

mark (V) are editable.
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10.2.3 BORCAL-SW Table

¥ pata Table Maintenance

10570671357 |

10/22/2002 14:27:44

10/22/2002 14:33:31

Figure 10-3. BORCAL Table Maintenance window
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Table 10-3. BORCAL Table Fields

Field Editable Description

Select BORCAL Click on the desired BORCAL, and the remaining fields will
be filled in from the selected data record.

BORCAL BORCAL designation

Facility Calibration facility

Start/End Date

First and last day of data acquisition (determined by all valid
sessions)

Comments

Text comments entered by users (accessed by clicking on
the check box). A check mark indicates a comment exists.

Responsivity Generation
Date/Time

Date and time that the responsivities for the BORCAL were
generated

Report Generation

Date and time that the full report for the BORCAL was

Date/Time generated (It will always be later than the responsivity
generation time.)
Report Cover Date Date entered by the user during report generation

Temperature, Humidity,
Pressure, Humidity

Mean values of the observations from all valid sessions

v Indicates editable field
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10.2.4 BORCAL-LW Table
Data Table Maintenance |

Table Maintenance

RCAL

Table [EORCAL IR

......................................

2014-01 -
2014-02 _I

201501 Exit
201502

[ -]
Edit | I;ancell Daone | Delete |
BORCAL |2'I]'15r'|]'1

Facility ISnIar Radiation Research Laboratory

Start Date IMIHZ-"E'I}'IE End Date ID-lf'I-le'I}'IE

Comments [~

Responsivity Generation Diate/Time |Mf14f2'l}15 07:18:04
Report Generation Diate/ Time IM;-"'I-UE'I]"IE 07:15:25

Report Cover Date IMIMIE'IHE

Figure 10-4. BORCAL_IR Table Maintenance window
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Table 10-4. BORCAL_IR Table Fields

Field Editable Description

Select BORCAL Click on the desired BORCAL, and the remaining fields will
be filled in from the selected data record.

BORCAL BORCAL designation

Facility Calibration facility

Start/End Date First and last day of data acquisition (determined by all valid
sessions)

Comments v Text comments entered by users (accessed by clicking on
the check box). A check mark indicates a comment exists.

Responsivity Generation Date and time that the coefficients for the BORCAL were

Date/Time generated.

Report Generation Date and time that the full report for the BORCAL was

Date/Time generated (It will always be later than the responsivity

generation time.)

Report Cover Date Date entered by the user during report generation
\ Indicates editable field
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10.2.5 BORCAL-SW Calibration Data Table

Data Table Maintenance

Table Maintenance

Instrument Calibration Data

2010-03 12621 Eppley 848
2010-03 13047E6 Eppley NIP

2010-03 19792E6 Eppley NIP Exit |
2010-03 2163 Schenk Star

201003 25854F3 Eppley PSP

Edit | Cance! | Done |
BORCAL Validity ASR Fitter Use Tilt Azimuth Comments  Comected
|2010-03 [Marginal _| [Green  _] [TOT _| Jo0 oo r I

Serial Number [25825F3

Manufacturer |Eppley
Model [PSP

— Calibration Label Val Responsivity Bins / Coefficients

R@25° [5.184 e |
Uncomected R @ 45° IB.D1 7
Latitude-Optimized |
Reet 0720

Rnet Date IDZ-’ES;’ZDDE Funetion Coefficients |

Spline Responsivity

Fit Function R&45°
Type-A. uﬁnt)ll}.ﬁ |D.21 | |13

Type-B. u(B) [0.61 (5] Type-B. U(E) = [055
Uncertainties Combined, u(c)[0.63 [062 Offset, Uieff) +[236 -[190

Expanded U35 |1.23 126 Expanded, U +|3.35 —IZ.SE-
Degrees of Freedom, DF(c) |225203.03 |91821.46 DF |+Irf
Coverage factor, k |1.96 1.96 k[1.96

Minimum Maximum

AlData AM 204 [739

Valid Incident MIDataPM [204 [17
Angle Ranges Ft/functon AM [22 [12
Ft/funcion PM [22 |82

Reds: [f00 20

Figure 10-5. CALDAT Table Maintenance window

The figure above shows the data layout for a pyranometer. The layouts for pyrheliometers and
shaded pyranometers differ slightly. (Some fields or buttons are grayed out, and some labels
have different text.)
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Table 10-5. CALDAT Table Fields

Field Editable ‘ Description

Select Instrument

Click on the desired BORCAL/instrument, and the
remaining fields will be filled in from the selected data
record

BORCAL BORCAL designation

Validity Calibration validity flag (valid, marginal, invalid)

ASR Filter ASR filter designation used when the calibration results
were calculated

Use RCC calibration type: TOT (global), DIR (direct), or DIF
(diffuse)

Tilt Calibration tilt

Azimuth Calibration azimuth

Comments Text comments entered by users (accessed by clicking on
the check box). A check mark indicates a comment exists.

Corrected Indicates if the instrument was configured for an ENICR

Serial Number,
Manufacturer, Model

Instrument serial number, manufacturer, and model

Responsivity Function
Coefficients (button
access)

Displays a table of coefficients for the responsivity function
(plottable—see Responsivity Function Plotting below)

2-Degree Responsivities
(button access)

Displays a table of the 2-degree responsivity data points
(plottable—see Responsivity Function Plotting below)

Latitude-Optimized
Responsivities (button
access)

Displays table of latitude-optimized responsivities

Calibration Label Values

Responsivity at 45-degrees, uncorrected responsivity at 45-
degrees (only appears for uncorrected instruments), Rnet
(the instrument’s response to net IR), and the Rnet
calibration date

Uncertainties

All uncertainty values associated with the spline fit,
responsivity function, and the R at 45 degrees

Valid Incident Angle
Ranges

Minimum and maximum a.m. and p.m. zenith angles,
applicable to the fit/function and the R at 45 degrees, as
well as the range of all data collected

\ Indicates editable field

The instrument records will not appear in the database until the calibration results have been
generated. If the calibration results for the instrument are not valid, missing values (—9900) will
appear in the fields, and the plots will be blank.
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RCC will also plot the spline fit or responsivity function overlaid with the two-degree bin data
points used to derive the function. To access the plot, click either the 2-Degree Responsivities or
Responsivity Function Coefficients from the Instrument Calibration Data Table Maintenance
window. This brings up the corresponding tabular data. At the bottom of the table display, click
on Plot, which will display a plot of the responsivity function and the two-degree bin data points.

A slider switch appears in the lower right corner to allow you to toggle between the spline fit and
the responsivity function plots.

B5 pata Table Maintenance E]

13893F3 Eppley PSP
BORCAL 2010-03: Spline Fit and 2 Degree Bins

i,
o

L)
w

A
Y
W

AT
P

Responsivity (WM |
[=-]
L o !

. ~ |~
78 \(ﬁ/
77 N
76- |
0 E 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Zenith Angle (degrees)

Figure 10-6. Spline fit and responsivity function plot
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10.2.6 BORCAL-LW Calibration Data Table

Data Table Maintenance

Table Maintenance

Instrument Calibration Data

2015-01 30696F3 Eppley FIR
2015-01 32309F3 Eppley PIR
2015-01 36362F3 Eppley FIR j
201501 37757F3 Eppley PIR ~

Edit | Ii;anc:ell Dane |

BORCAL  Validiy
|2015-01 Jvald | Commerts

Serial Number |29926F3
Manufacturer |Eppley
Model [PIR

Calibration Results

— Calibration Results (KD = 0)

Ko [9.06345 ko Joooooo
K1 [oz7ean ki [oz7eze
k2 [1.02843 k2 [Toonae
K3 [357835 k3 [zsrizz
7044E-4 K [Tos2E2
Mean W Mean IW
n[izss N [1381

Type-Aul®) = Wm3f0sn Type-Aud) £[051
Type-B.ulE) :W/m30E7 Type-B.u(B) £[087
Combined ufc) +(W/m3[100 | Combined.uie) 2113
Epanded, US5 2 (W/m3[157 | Bwpanded, US52[z22

Degrees of Freedom, DF |+Ir|f DF |+Inf
Coverage factor, k I'I.B'E k I'I.B'E

Figure 10-7. CALDAT_IR Table Maintenance window
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Table 10-6. CALDAT_IR Table Fields

Field Editable ‘ Description

Select Instrument Click on the desired BORCAL/instrument, and the
remaining fields will be filled in from the selected data
record

BORCAL BORCAL designation

Validity v Calibration validity flag (valid, marginal, invalid)

Comments v Text comments entered by users (accessed by clicking on

the check box). A check mark indicates a comment exists.

Serial Number, Instrument serial number, manufacturer, and model
Manufacturer, Model

Calibration Results All calibration results (when KO is not forced to zero)
including: coefficients, mean of residuals, number of data
points (N), uncertainties (Type A/B, combined, expanded),
degrees of freedom, and coverage factor

Calibration Results (KO = 0) All calibration results (when KO is forced to zero) including:
coefficients, mean of residuals, number of data points (N),
uncertainties (Type A/B, combined, expanded), degrees of
freedom, and coverage factor

v Indicates editable field

The instrument records will not appear in the database until the calibration results have been
generated. If the calibration results for the instrument are not valid, missing values (—9900) will
appear in fields.

105

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



10.2.7 Cavity Configuration

E= Data Table Maintenance

X

Table Maintenance

Cavity Configuration

1997-02 01 23964 Eppley HF
1997-03 01 23964 Eppley HF
1597-04 01 28964 Eppley HF
1997-05 01 23964 Eppley HF
1998-01 01 31104 Eppley HF
1598-02 01 31104 Eppley HF

(;ancell Done |

EOHD‘\LIW Configuration Mumber |1_
Cavity Control Unit
Serial Number IZE»BEd Serial Mumber IBEQ?
Manufacturer [Eppley Manufacturer [Eppley
Mode! [HF Model [406
Current Shunt I'I 0.000 Cal Date II}BHDZ.-"'I 557
Urwindowed VAR |0.98430 Window in Use [~ Cirouit Resist [-5900.01 Cal Due Date [05/02/1598
Windowed WRR |1.000000 Communications
Unwindowed Uncert (%) |0.31 Calibration Waits DMM Control Unit
Windowed Uncert () [0.31 (Seconds) HSE{: RS232 3
Heater Resistance |151.BD TP-zalar ID_ GPIB GPIB
Heater Lead Resistance [0.0660 TP-heated [25 Pot |2 | Pt ]2 _]|
Mg Calibration Factor [1.99000 TP-zer [60 Baud [9600 _|  Baud [3600 _|
Defauit Sensitvity [0.01048 Dwell [0 Paity [Nome _|  Pamy [Nore _]
Cal Date Im Stop Bits lﬁ Stop Bits lﬁ
Cal Due Date lm Comments [ Diata Bits lﬁ Data Bits lﬁ
Board IC I Board IC I

Figure 10-8. CAVCFG Table Maintenance window

Only the comments fields are editable in this table. All changes to the configuration are
accomplished with the Configuration Editor, which is described in Section 6.7.5 on Cavity
Configuration.
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10.2.8 Cavity Inventory

|
Table Maintenance

Cavity Inventory

Table [CAV_INV |

30713 Eppley HF _
31104 Eppley HF Exit |

Serial Number 23964 |

Manufacturer Eppley |
Model HF |
Unwindowed WRR 0.55847
Windowed WRR 1.00000
Unwindowed Uncert (%) 0.31 |

Windowed Uncert (%) 0.00
Heater Resistance |121.60
Heater Lead Resistance [0.0660 |
Mfg Calibration Factor 1.55750
Default Sensitivity (0.01048

Cal Date 047011557
Cal Due Date 105/01/1357

Comments [

Figure 10-9. CAV_INV Table Maintenance window
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Table 10-7. CAV_INV Table Fields

Field Editable Description

Select Instrument Click on the desired instrument, and the remaining fields will
be filled in from the selected data record.

Serial Number, N, Instrument serial number (see note in the box below),

Manufacturer, Model manufacturer, and model

Unwindowed WRR N WRR reduction factor (This is the WRR or intercomparison
factor.)

Windowed WRR N, If the cavity is supplied with a window, the WRR factor is

determined with the window mounted. If a window is not
supplied with the cavity, use 1.0 for the correction factor.

Unwindowed Uncert N Uncertainty of the unwindowed WRR factor

Windowed Uncert N Uncertainty of the windowed WRR factor

Heater Resistance N Resistance of the cavity heater

Heater Lead Resistance N Resistance of the heater leads

Mfg Calibration Factor N Mu!tiplier supplied by the manufacturer for the aperture
variance

Default Sensitivity N Cavity’s nominal sensitivity in mV/mW/cm?

Cal Date N Date of calibration or intercomparison

Cal Due Date N, Date the calibration expires

Comments N Text comments entered by users (accessed by clicking on

the check box). A check mark indicates a comment exists.

v Indicates editable field

Changes made to this record are not reflected in the current cavity configuration. Changes made
using the Session Configuration editor are reflected in both the cavity configuration table and the
applicable fields in this table.

When entering the serial number, you cannot use these characters: /, \, :, *, ?, ", <, >, or |. This is
because the Windows operating system does not allow these characters in file names, and the
system creates file names based in part on these fields.

When changes are made to instrument parameters by editing the Cavity Inventory table using the
Database Maintenance capabilities, these changes are not reflected in the current BORCAL
configuration. You must delete the instrument from the configuration and reconfigure it to bring
in the current values from the Cavity Inventory table—or (and this is highly recommended)—
change the parameters for the instrument by editing the current BORCAL configuration, which
also updates the Cavity Inventory table.
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10.2.9 Control Unit Inventory
x|

Table Maintenance

Control Unit Inventory

Table [CON_INV |

9827 Eppley 406 _

537019579 NREL Reda Edt |
Jid

Edit | Mew | Do R Qeletel

Serial Number 10348 |
Manufacturer Eppley |
Model 406 |
DVM |US36028433 Hewlett Packard 344014 |
Curent Shunt [10.00(
Circuit Resist 21.00(
Cal Date [10/05/1359
Cal Due Date [10/05/2001

Comments [~

Figure 10-10. CON_INV Table Maintenance window

109

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



Table 10-8. CON_INV Table Fields

Field Editable Description

Select Instrument Click on the desired instrument, and the remaining fields will
be filled in from the selected data record.

Serial Number, v Instrument serial number, manufacturer, and model
Manufacturer, Model

DVM v Digital voltmeter installed in the control unit

Current Shunt v Resistance of the current sensing resistor used in the

calculation to determine the power dissipated by the cavity
heater. The Eppley Laboratory normally supplies cavity
radiometer systems with this resistance specified as a nominal
value. However, some systems are supplied with a value
determined by an accurate measurement. Regardless of the
value specified by the manufacturer, the correct resistance
value for the RCC system is the exact value used when the
cavity WRR factor or windowed WRR factor was determined.

Circuit Resist v Overall resistance of the cavity heater circuit without the heater
and heater lead resistances.

Cal Date v Date of calibration or intercomparison

Cal Due Date v Date the calibration expires

Comments v Text comments entered by users (accessed by clicking on

the check box). A check mark indicates a comment exists.

v Indicates editable field

Changes made to this record are not reflected in the current cavity configuration. Changes made
using the Session Configuration editor are reflected in both the cavity configuration table and the
applicable fields in this table.

When changes are made to instrument parameters by editing the Control Unit Inventory table
using the Database Maintenance capabilities, these changes are nof reflected in the current
BORCAL configuration. You must delete the instrument from the configuration and reconfigure
it to bring in the current values from the Control Unit Inventory table—or (and this is highly
recommended)—change the parameters for the instrument by editing the current BORCAL
configuration, which also updates the Control Unit Inventory table.
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10.2.10 Customer Data Table

Table Maintenance
Cust

CUSTOMER
Selec:t MName:

Apogee Instruments
APS-5TAR

Arzona Public Service Company

Ame Jacobson

Bill Conart

Bill Marion =

Edit | Mew | I;ancell Dgnel Qeletel

Mame |}-'-.. J. MzDanal
Compary IErrtech. Inc.

Department |

Address (1) I'I 077 Chisholm Trail

Address (2) |

Address (3) |

City |Keller
State/Province ITX

Zip/Postal Code |76248

Country |

Phone |817-379-0100

Fam |

Email Address |

Comments [~ |50 Customer Report W

Figure 10-11. CUSTOMER Table Maintenance window
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Table 10-9. CUSTOMER Table Fields

Field Editable Description

Select Name Click on the desired customer, and the remaining fields will
be filled in from the selected data record.

Name N Customer’s full name

Company N Company or institute represented by the customer

Department v Customer’s department within the company

Address (1, 2, 3) N First, second, and third lines (as needed) for the customer’s
address

City \ City of address

State N State of address

Zip/postal Code N Zip code or other postal routing code

Country N Country of the address

Phone N, Customer’s telephone number

Fax N Customer’s fax number

Email Address N Customer’s email address

ISO Customer Report N Customer has selected ISO reports for all instruments

Comments N Text comments entered by users (accessed by clicking on
the check box). A check mark indicates a comment exists.

v Indicates editable field
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10.2.11 Diffuse Configuration Table
|

Table Maintenance

Diffuse Radiometer Configuration

Table [DIFCFG |

1997-02 01 17802F3 Eppley PSP Exit |
199702 01 28402F3 Eppley PSP

199703 01 19381F3 Eppley PSP

1597-04 01 17802F3 Eppley PSP

1997-04 01 28402F3 Eppley PSP ;I

Edit |
BORCAL 135701 Corfiguration Number 1

Serial Number 17802F3
Manufacturer Eppley

Model PSP
Responsivity 8510
Cal Date 01/01/1500 Cal Due Date [01/01/1500
Comments [~

—— Shading Disk ———
Diameter {cm) 5.0
Amn Length {cm) 56.2

Subtended Angle &1
— Uncertainty ———

Percent [3.00

Offset (W/m™2) 20.0

Figure 10-12. DIFCFG Table Maintenance window

Only the comments fields are editable in this table. All changes to the configuration are
accomplished with the Configuration Editor, which is described in Section 6.7.6 on Diffuse
Radiometer Configuration.
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10.2.12 Voltmeter Inventory Table

x|
Table Maintenance

Yoltmeter Inventory

Table [Ovh_Iby

3 ynalogic OF 100

11534001008 Hewlett Packard 3442024

115365000135 Hewlett Packard 344208 Exit |
11536023433 Hewlett Packard 344014

1537019579 Hewlett Packard 349702

Edt | Mew | fawsil Sore | Delets |

Serial Number |3043

b arufacturer I.-'l‘-.nall:ugic

Model [DP 100
Cal Date [05/02/1937  Cal Due Date [05/02/1338
Comments [

Figure 10-13. DVM_INV Table Maintenance window

Table 10-10. DVM_INV Table Fields

‘ Field Editable Description
Select Instrument Click on the desired instrument, and the remaining fields will
be filled in from the selected data record.
Serial Number, x/ Instrument serial number, manufacturer, and model
Manufacturer, Model
Cal Date N Date of calibration or intercomparison
Cal Due Date N Date the calibration expires
Comments N Text comments entered by users (accessed by clicking on

the check box). A check mark indicates a comment exists.

v Indicates editable field
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10.2.13 Calibration Facility Table
Data Table Maintenance |

Table Maintenance

Calibration Facility

Table [FACILITY

Research |Laboratory

Edit | Mew | I;ancell Dgnel Qeletel

Facility Mame ISDIar Radiation Research Laboratory
Facility Abbreviation |SRRL
Contact I.ﬂ-fshin M. Andreas

Latitude Iﬁ

Longitude IM

Blevation (m) IM

Avg. Pressure {mbr}lm
Awg. Temperature {C}IW

Time Zone I-?.ﬂ'

150 SW Full Report ¥
IS0 LW Full Report [
Comments v

Figure 10-14. FACILITY Table Maintenance window
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Field
Select Facility

Table 10-11. FACILITY Table Fields

Editable Description

Click on the desired facility, and the remaining fields will be
filled in from the selected data record.

Facility Name

Full name of the selected facility

Facility Abbreviation

Short name of the selected facility (See note in the box
below.)

Contact Contact person at the facility

Latitude Facility latitude (decimal degrees, negative south of the
equator)

Longitude v Facility longitude (decimal degrees, negative west of the
prime meridian

Elevation Y Elevation above sea level (meters)

Average Pressure < Long-term site average barometric pressure (mBar)

Average Temperature \ Long-term site average temperature (°C)

Time Zone v Time zone of the site (offset in hours between Greenwich

Meant Time and site, negative west of Greenwich)

ISO SW Full Report

SW Full Report will be in ISO format for this facility.

ISO LW Full Report

LW Full Report will be in ISO format for this facility.

Comments

Text comments entered by users (accessed by clicking on
the check box). A check mark indicates a comment exists.

v Indicates editable field

When entering the facility abbreviation, you cannot use these characters: /, \, :, *, 2, ", <, >, or |.
This is because the Windows operating system does not allow these characters in file names, and
the system creates file names based in part on these fields.
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10.2.14 GPS Configuration Table (BORCAL-SW and BORCAL-LW)
x|

Table Maintenance

GPS Configuration

Table |GPSCFG

2002-01 02 JP38450103 Hewlett Packard 58533A .
2002-02 01 JP38450103 Hewlett Packard 53533A Exit |
2002-02 01 JP38490103 Hewlett Packard 585334
2002-04 01 JP38430103 Hewlett Packard 58533A

BORCAL 2002-01 Corfiguration Number |1
Serial Number JP38450103

Marufacturer Hewlett Pachard |
Model 585334 |
Comments [~

—— Communications —
RS-232 &
GPIB
Port 4 hd
Baud 5600 2w
Parity MNone W
Stop Bits 1 v
Data Bits 2 hd

Figure 10-15. GPSCFG Table Maintenance window

There is a GPS Configuration table for both BORCAL-SW and BORCAL-LW; the structures of
both are identical.

Only the comments fields are editable in this table. All changes to the configuration are
accomplished with the Configuration Editor, which is described in Section 6.7.10 on Other
Instrument Configuration for SW and Section 6.8.7 on Other Instrument Configuration for LW.
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10.2.15 GPS Inventory Table

x|
Table Maintenance

GPS Inventory

Table [GFS_INV |

3 Hewlett Packard 585334

Serial Mumber JP38450103 |
Manufacturer Hewlett Packard |
Model /585337 |
Comments [~

Figure 10-16. GPS_INV Table Maintenance window

Table 10-12. GPS_INV Table Fields

Field Editable Description

Select Instrument Click on the desired instrument, and the remaining fields will
be filled in from the selected data record.

Serial Number, \ Instrument serial number, manufacturer, and model
Manufacturer, Model

Comments N Text comments entered by users (accessed by clicking on
the check box). A check mark indicates a comment exists.

v Indicates editable field
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10.2.16 Instrument Type Table
Data Table Maintenance |

Table Maintenance

Instrument Type

Table IIH'ET_TTF'E
Select Instrument Type!

Eppley EFLAB MAN 4]
%EEE FPP

Eppley HF J
Eppley MIP

Eppley MIP-B

Eppley PIR =

Edit | Mew | I;ancell Dgnel Qeletel

Manufacturer IELJIL:IIE'."_.r
Model [GPP
Description IGF‘F‘ Pyranometer

|ze ITOT I Est. Themmal Cffset Emaor (W./m3 I-E.D

Comments ™ Kr: Case Coefficient (K/yiV) [0.000E-0
Maximum Output ——
IR Comectable v Millivolts {Themopile) |5'IZII
Generic Rnet W kOhms (Case Themistor) IM
kOhms (Dome Themistor) IM

Figure 10-17. INST_TYPE Table Maintenance window
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Table 10-13. INST_TYPE Table Fields

Field Editable Description

Select Instrument Type Click on the desired instrument, and the remaining fields will
be filled in from the selected data record.

Manufacturer N Instrument manufacturer (see note in the box below)

Model N Instrument model (see note in the box below)

Description N Brief description of the instrument

Max Millivolts N Maximum output voltage in millivolts. This is used for data
logger scaling. It should be set so that the output voltage
will never exceed this value (which will cause data
acquisition errors), and it should not be set too high and
force the logger to measure at a scale that is too high
(causing an increase in measurement uncertainty).

kOhms (Case Thermistor) v Maximum resistance of the case thermistor (kQ)

kOhms (Dome Thermistor) | Maximum resistance of the dome thermistor (kQ)

Use N, Deployment type (see following table)

Est. Thermal Offset Error N (No longer used) Estimate of the thermal offset error without
the ENICR (W/m?)

Kr: Case Coefficient Case coefficient (Kelvin per microvolt) for pyrgeometer

IR Correctable N Indicates whether the instrument type is configurable for an
ENICR (For example, silicon instruments are presumed to
have no IR offset and are thus not correctable.)

Generic Rnet N, A generic (default) Rnet for this instrument type to be used
in the absence of a measured Rnet®

Comments N Text comments entered by users (accessed by clicking on
the check box). A check mark indicates a comment exists.

V Indicates editable field
* Changes to this value will not update the corresponding value for instruments in the Radiometer Inventory table.

When entering the manufacturer and model, you cannot use these characters: /, \, :, *, 2, ", <, >,
or |. This is because the Windows operating system does not allow these characters in file names,
and the system creates file names based in part on these fields.

Deployment types (for the Use field) are listed below.
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Table 10-14. Deployment Types

Use Code Description

TOT Total (global) pyranometer

DIR Direct normal (beam) pyrheliometer

PYG Pyrgeometer

SHD Test pyranometer mounted under a shading disk (different from diffuse reference
instruments)

MCO Manual ACR control unit

ACO Automatic ACR control unit

ACM Combo automatic ACR control unit and digital voltmeter

CAV ACR

LGR Data logger (combo multimeter and relay system)

RLY Data logger (Relay only)

TEM Thermometer

HUM Hygrometer

BAR Barometer

DVM Digital multimeter for cavity or data logger relays

GPS GPS receiver
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10.2.17 Logger Configuration Table (BORCAL-SW and BORCAL-LW)

Data Table Maintenance

Table Maintenance

Data Logger Configuration

Table |LOGCFG

Select Configuration!
2005-03 01 6571000 Fluke Helios 2237A 4]
2005-04 01 2005-398 NREL RAP-DAQ
2005-04 01 2005-595 NREL RAP-DAQ Bt |
2006-01 01 2005-398 NREL RAP-DAQ

2006-01 01 2005-333 NREL RAP-DAQ
200602 01 20059598 NREL RAP-DAQ j
2006-02 01 2005-933 NREL RAP-DAGQ b

dit|
BORCAL [2005-04 Corfiguration Number [T

Serial Number [2005-539
Manufacturer [NREL

Model [RAP-DAG
DMM [US36000135 Hewlett Packard 344204 Unit Number [T _]
Cal Date [11/22/2005 [
Cal Due Date [11/22/2006 DMM Relay
Commerts [ RS-232 RS-232
GFIE G GFIE G
Address Iﬁ Address Iﬁ
——— System Offsets
Volts DC (V) [137
2Wire Res. (mOhms) [325000 | | £mew s ;
4Wirs Res @mOhms) 021 || Boad [0 _]

Figure 10-18. LOGCFG Table Maintenance window

There is a Logger Configuration table for both BORCAL-SW and BORCAL-LW, the structure
of both are identical.

Only the comments fields are editable in this table. All changes to the configuration are
accomplished with the Configuration Editor, which is described in Section 6.7.8 on Data Logger
Configuration for SW and Section 6.8.6 on Data Logger Configuration for LW.
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10.2.18 Data Logger Inventory Table
x|

Table Maintenance

Data Logger Inventory

Table [LOGGER_INV |

y 307

uke Helios Z287A

Serial Number /6671000 |
Manufacturer Fluke |
Model [Helios 2287A |

Cal Date 04/02/2002 Cal Due Date (04/02/2003

Comments [

Figure 10-19. LOGGER_INV Table Maintenance window

Table 10-15. LOGGER_INV Table Fields

‘ Field Editable Description

Select Instrument Click on the desired instrument, and the remaining fields will
be filled in from the selected data record.

Serial Number, x/ Instrument serial number, manufacturer, and model. (See

Manufacturer, Model note in the box below.)

Cal Date N Date of calibration

Cal Due Date N Date the calibration expires

Comments N Text comments entered by users (accessed by clicking on
the check box). A check mark indicates a comment exists.

\ Indicates editable field

When entering the serial number, manufacturer, or model, you cannot use these characters: /, \, :,
*,2,",<,>,or|. This is because the Windows operating system does not allow these characters

b

in file names, and the system creates file names based in part on these fields.
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10.2.19 Met Instrument Inventory Table

x|
Table Maintenance

Meterological Instrument Inventory

Table [MET_INV |

A ] o
B ¥93H .
B6034T Omega HX93T il

C5223H Omega HX53H
C9223T Omega HX53T

[ ]

Edit | Mew | Lo g Qeletel

Serial Number 70238 |
Manufacturer AIR |
Model (AB-2AX |

Cffzet ?4D.DI}D|
Scale 52000 |

Comments [

Figure 10-20. MET_INV Table Maintenance window

Table 10-16. MET_INV Table Fields

‘ Field Editable Description

Select Instrument Click on the desired instrument, and the remaining fields will
be filled in from the selected data record.

Serial Number, x/ Instrument serial number, manufacturer, and model (See

Manufacturer, Model note in the box below.)

Offset N Additive offset to convert to measurement units

Scale N Multiplicative factor to convert to measurement units

Comments N Text comments entered by users (accessed by clicking on
the check box). A check mark indicates a comment exists.

v Indicates editable field

When entering the serial number, manufacturer, or model, you cannot use these characters: /, \, :,
*,2,",<,>,or|. This is because the Windows operating system does not allow these characters

b

in file names, and the system creates file names based in part on these fields.
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When changes are made to instrument parameters by editing the Meteorological Inventory table
using the Database Maintenance capabilities, these changes are not reflected in the current
BORCAL configuration. You must delete the instrument from the configuration and reconfigure
it to bring in the current values from the Meteorological Inventory table—or (and this is highly
recommended)—change the parameters for the instrument by editing the BORCAL current
configuration, which also updates the Meteorological Inventory table.

10.2.20 Operator Table
xl

Table Maintenance

Operators

Daryl Myers .
Ibrahim Reda Bt |
Jim Treadwell

Peter Gotseff

Steve Wilcox

Tom Stoffel =l
Edit | Mew | it Tiopye Qele:tel

MName \Afshin Andreas |
Comments [

Figure 10-21. OPERATORS Table Maintenance window

Table 10-17. OPERATORS Table Fields

‘ Field Editable Description

Select Name Click on the desired name, and the remaining fields will be
filled in from the selected data record.

Name x/ Operator’s name, first and last (used for operator selection
lists and also in the reports)

Comments N Text comments entered by users (accessed by clicking on
the check box). A check mark indicates a comment exists.

v Indicates editable field

A special RCC operator may be present in the name list. This operator is part of the RCC
automatic mode configuration and should not be deleted or changed.
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10.2.21 Operator Log Table
x|

Table Maintenance

Operator Duty Log

Peter Gotseff 1

lbrahim Reda Ext |
lbrahim Reda

lbrahim Reda

lbrahim Reda

Ibrahim Reda |

Mame |lbrahim Reda |

BORCAL 200202
Session ﬂ
Login Date/Time [05/31/2002 08:52:27
Logout Date/Time 05,/31/2002 09:46:29

Commerts [

Figure 10-22. OPERATOR_LOG Table Maintenance window

Table 10-18. OPERATOR_LOG Table Fields

‘ Field Editable Description

Select Log Entry Log entries are listed by name in this field, but they are
further identified by the login and logout times shown in the
window. Select the desired log entry, and the remaining
fields will be filled in.

Name Operator's name

BORCAL BORCAL event identification

Session Session when the login occurred

Login Date/Time Date and time the operator logged in

Logout Date/Time Date and time the operator logged out

Comments N Text comments entered by users (accessed by clicking on

the check box). A check mark indicates a comment exists.

v Indicates editable field
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10.2.22 Reference Pyrgeometer Configuration Table (BORCAL-SW and
BORCAL-LW)

Data Table Maintenance

Table Maintenance

Pyrgeometer Configuration

Table |FGCFG

Eé-é-lec Con i
2006-01 01 29

3 Eppley PIR

Edit |

BORCAL |2006-01 Configuration Mumber |1
Serial Number |29926F3

M anufacturer |Epp|e_l,l

Mods! [FIR
Cal Date |02£24£2DDE Cal Due Date |D2£24£2DD?
Camnments [

—— Calibration Coefficients —

k0 I-B.DDUDU

K1 |0.26500

K2 I'I.D1E?EI

K3 |-3.18000

Kr I?.044DEIE-4

Uncertainty [ fm 2] |2. =]

Figure 10-23. PYGCFG Table Maintenance window®

There is a Reference Pyrgeometer Configuration table for both BORCAL-SW and BORCAL-
LW; the structures of both are identical.

Only the comments fields are editable in this table. All changes to the configuration are
accomplished with the Configuration Editor, which is described in Section 6.7.7 on Pyrgeometer
Configuration for SW and Section 6.8.5 on Reference Pyrgeometer Configuration for LW.

¥ This table is similar to the Reference Pyrgeometer Inventory Table, and it is used to document the instrument
parameters used in each BORCAL event.
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10.2.23 Reference Pyrgeometer Inventory Table

&5 Data Table Maintenance Py
|

Table Maintenance
Pyrgeomet

er Inventory

(140021 Kipp & Zonen CGR4

30557F3 Eppley PIR Bxit |
30656F3 Eppley PIR-V

31197F3 Eppley PIR

31195F3 Eppley PIR
31203F3 Eppley PIRV |

Eat | New | Concel| Done | pelete |

Serial Number [010547
| Ma'l.fadu'erllﬁpp&?_'men |
1 Model [CG4
| Cal Date [04/26/2015  Cal Due Date [04/26/2020 |

Comments [~

—— Calibration Coefficients —

KO |A2.U?000
K1 |U.[}?El 0

K2 |1.00460

K3 |D.D(}DDD

Kr |7.04400E4

Uncertainty (W/m~2) [1.60

Figure 10-24. PGC_INV Table Maintenance window
Table 10-19. PYG_INV Table Fields

‘ Field Editable Description

Select Instrument Click on the desired instrument, and the remaining fields will
be filled in from the selected data record.

Serial Number, v Instrument serial number (see note in the box below),

Manufacturer, Model manufacturer, and model

Cal Due Date N Date the pyrgeometer was calibrated and when it is due for
recalibration

Calibration Coefficients x/ Calibration coefficients from the blackbody calibration

Uncertainty (%) N Uncertainty of the calibration

Comments N Text comments entered by users (accessed by clicking on

the check box). A check mark indicates a comment exists.

v Indicates editable field

When entering the serial number, you cannot use these characters: /, \, :, *, 2, ", <, >, or |. This is
because the Windows operating system does not allow these characters in file names, and the
system creates file names based in part on these fields.
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When changes are made to instrument parameters by editing the Pyrgeometer Inventory table
using the Database Maintenance capabilities, these changes are not reflected in the current
BORCAL configuration. You must delete the instrument from the configuration and reconfigure
it to bring in the current values from the Pyrgeometer Inventory table—or (and this is highly
recommended)—change the parameters for the instrument by editing the current BORCAL
configuration, which also updates the Pyrgeometer Inventory table.

10.2.24 Radiometer Inventory Table
Data Table Maintenance

Table Maintenance

Radiometer Inventory

...............

000015 Kipp & fonen CMZ2
O000PT Kipp & Zonen CG4

0000TH Kipp & fonen CG4
000240 Kipp & Zonen CH1

007148 Kipp & Zonen CM11
007153 Kipp & Zonen CM11
007156 Kipp & Zonen CM11 j

Edit | Mew | I;ancell Dgnel Qeletel

Serial Number |000013
Manufacturer Ilﬁpp & Zonen

Model [CM22
Factory RS (W./m2/p\) IE.EDE' Temp Sensaor Type INDNE I
Cument BORCAL IEDM»DE AIM Exportable W

Cument Customer ICaIiI:uT:Itiu:-n System
Comments [ Calib. Due Interval {murrths}|12

Instrument s Cumment Bifective IR Response

Rnet ID.DBDD Uncert (%) |10.000 Rnet Date ID?:-KD?:-KEDDE

Comecting Pyrgeometer II-—I'I}I}E Kipp & Zonen CG4

Figure 10-25. RAD_INV Table Maintenance window
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Table 10-20. RAD_INV Table Fields

Field Editable Description
Select Instrument Click on the desired instrument, and the remaining fields will
be filled in from the selected data record.
Serial Number, N, Instrument serial number (see note in the box below),
Manufacturer, Model manufacturer, and model.
Factory RS N Instrument’s responsivity when new as supplied by the

manufacturer (W/m2/microvolt)

Temp Sensor Type Dropdown menu to select the temperature sensor type
installed in the instrument. Available options are 10K
Thermistor (2-wire), PT100 (4-wire), and NONE.

Current BORCAL N Most recent valid BORCAL in which this instrument was
included. This field is updated by the system during the
Responsivity Generation procedure,” but the designated
BORCAL may be overridden by editing this field. This field
is used primarily by the system to obtain responsivity values
for instruments designated as control or ASR.

AIM Exportable \ Calibration results from this instrument may be exported to
the AIM database.

Current Customer N Name of the instrument’s current customer

Calib. Due Interval Interval at which an instrument will be due for the next

(months) calibration (used to compute due dates on reports and
calibration stickers)

Rnet Rnet as determined from blackbody characterization
(defaults to generic from instrument type)

Uncert (%) N Uncertainty of the Rnet (When using a generic Rnet, the
default 20% should be used.)

Rnet Date N Date the Rnet was determined (When using a generic Rnet,
the default 01/01/1970 should be used.)

Correcting Pyrgeometer N Instrument identification number of the correcting
pyrgeometer

Comments N Text comments entered by users (accessed by clicking on

the check box). A check mark indicates a comment exists.

V Indicates editable field

? This field is not automatically updated for control instruments, which are assumed to have stable responsivity
characteristics. This prevents a bad calibration from causing system operations problems in subsequent BORCALs.
If a control instrument’s responsivity is determined to have changed significantly, this field can be manually updated
as required.

When changes are made to instrument parameters by editing the Radiometer Inventory table
using the Database Maintenance capabilities, these changes are not reflected in the current
BORCAL configuration. You must delete the instrument from the configuration and reconfigure
it to bring in the current values from the Radiometer Inventory table—or (and this is highly
recommended)—change the parameters for the instrument by editing the current BORCAL
configuration, which also updates the Radiometer Inventory table.
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When entering the serial number, you cannot use these characters: /, \, :, *, ?, ", <, >, or |. This is
because the Windows operating system does not allow these characters in file names, and the
system creates file names based in part on these fields.

10.2.25 Session Configuration Table (BORCAL-SW Only)

Data Table Maintenance

Table Maintenance

Instrument Session Configuration

Table |SESS_CONF

[

201101 02 E1220001-T Vaisala HMP155-T j

201101 02 FTO0Z Kipp & Zonen CG4

2011-01 02 JP324530103 Hewlett Packard 585334 Exit |
2011-01 02 PY1720 Licor LI200

2011-01 02 PY1755 Licor LI200

2011-01 02 Y0550020 Vaisala PTE101B

Edit | I;aru:ell [one |

Serial Number [PY1755

201101 02 PYHR101 Licor LI2015E j

Manufacturer |IJ|:|:|r — Thermopile ——
Model |LI200 Channel [61
BORCAL |2D11-|3'1 Ventilated [~ Junction Bow: |10-01

Corfig Number 2 Cable [

Customer IT::um Stoffel
T — Case Themmistor —

e ¥ Ceployment ITST I I-
Active v Channel I—
Verfied [v Location ITI:uI-I}1-D1 i I—
unction Box
Contral ™ Scan Group |4

Pempetual v Cable I
=P Group Index |1

Tit [~
Comection Request [ Standard Flag |2 — Dome Themistor —
r
Instrument's Hfective IR Response ———— Channel I

Rnet |0.0000  Uncert (%) IC.::Z Rnet Date |01/01./1500 Junction Box I
Comecting Pyrgeometer | Cable I

Figure 10-26. SESS_CONFIG Table Maintenance window

Only the comments fields are editable in this table. All changes to the configuration are

accomplished with the Configuration Editor, which is described in Section 6.7 on Configuring a
new BORCAL-SW.
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10.2.26 Session Configuration Table (BORCAL-LW Only)
Data Table Maintenance |

Table Maintenance

Instrument Session Configuration

Table |SESS_CONF

Gl

2015-02 01 30557F3 Eppley PIR :I

201502 01 20696F3 Eppley PIR

201502 01 31199F 3 Eppley PIR Exeit |
201502 01 31203F3 Eppley PIR

2015-02 01 32305F3 Epple
201502 01 363
201502 01 37757

Edit | I;aru:ell Done |

Serial Number [36362F3 e
Manufacturer |Eppley Chaninel I?'Er—
Model |PIR Junction Bex |12-07
BORCAL [201502 Vertilated [ Cable |
Corfig Mumber I'I_ e
Ccu:'lmmo::; IEHEL = = Channel IBI}
Active [ Junction Box |12-08

Verfied W Cable I
Contral [T Deployment ITST I

Location [Tol-0202 = Dome Thermistor —
Scan Group II}_ Channiel |g1—
Group Index [0 Junction Box [12-09

Standard Flag [1 Cable I—

Figure 10-27. SESS_CONFIG_IR Table Maintenance window

Only the comments fields are editable in this table. All changes to the configuration are
accomplished with the Configuration Editor, which is described in Section 6.8 on Configuring a
new BORCAL-LW.
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10.2.27 Session Table (BORCAL-SW Only)

Data Table Maintenance

Table Maintenance

Session

Table |SESSION

Select Session!

2006-02 022 A
2006-02 023

&t |
200602 025

200602 026
2006-02 027
200602 028 -

Edit | Lo Dy

BORCAL |2006-02
Session Mumber IE
Instrument Configuration IE_
System Configuration I'I_
Datalogger Configuration I'I_
Cavity Configuration I'I_
Diffuse Configuration I'I_

Pyrgeometer Corfiguration I'I
GPS Configuration |1

Start Date/Time [06/17/2006 14:30:37
End Date/Time |06/17,/2006 15:30:40
Software Version [2.01

Walidity Level I‘-.-’aliu:l I

Commerts [

Figure 10-28. SESSION Table Maintenance window

Only the comments and validity fields are editable in this table. All other fields are maintained
by the system.
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10.2.28 Session Table (BORCAL-LW Only)

pata able taintenance K|
Table Maintenance
Seszion

Table |'3E'3'3IC' N_IR

iSelect Session!

2014-01 002
2014-01 003 Exit |
2014-01 004

2014-01 005

2014-01 006

201401 007 =

Edit | I;ann::ell [Done |
BORCAL |2ll}14-'|]'1

Session Mumber |1_
Instrument Configuration I'I_
System Configuration I'I_
Datalogger Configuration |1_

Pyrgeometer Configuration I'I
GPS Corfiguration IC

Start Date/Time IDE;’EE;'E'I}H 16:33:37
End Date/Time [08/08/2014 16:46:36
Software Version [3.0.3.5

Validity Lewvel I"u"alid I

Comments [~

Figure 10-29. SESSION_IR Table Maintenance window

Only the comments and validity fields are editable in this table. All other fields are maintained
by the system.
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10.2.29 System Configuration Table (BORCAL-SW Only)

Data Table Maintenance

Table Maintenance

System Configuration
Table [SYSTE
 1397-01 001
1557-02 001
1557-03 001 Exit |
155704 00
1557-05 001
1558-01 001
139802 001 4
Edit | Cancel | Dgne |
BORCAL |1557-01 Corfiguration Mumber |1 Comments [~
— Delta Thresholds — —— ASR Setup Uncertainty Clock
Zenith Angle (deg) ID.DBD Resst Interval ID
Tempic) - Ternp{;:—1}|3.|} Scan Rate () |1 fm}
_ Decimal Precision |2 Waming Threshold (s) ID
Humfx) - Hum{x—ﬂl?.l} ASR Readings IED I— I—
45" Neg. Offzet |-15.0 Detta UT1 0.000
Barix) - Barge-1)[10.0 Threshald 1 (Blue) [1.00 =4 e 2 UTT6)
45 Pos. Offset |15.0
Thrmix) - Thrrnl§:—1}|1 0 Threshold 2 (Green) IE_DD
Thm {Dome-Case}l_S.l} Threshold 3 (Brown) I—S.DD Min. Legal Direct I;DD — Solar Position Algorithm —
) ) Ma. Legal Diffuse |15D Deltta T (=) IEE.ZE-D
Case Thm {Inst-Pyrg}I}D Diffuse scaling factor ID.E-I}
Max. Diffuse/Direct (1) |3D.|} Atmos. Refraction (deg) |D.555?
— % BEmor Thresholds — ——— Auto Mode Scan Rate (sec) — Tilt
Cavl/Cav2 |1.I} Startup Zenith Angle |35 Radiometers IED Zenith |0.00
Dif1 /D2 [10.0 Shutdown Zenith Angle |85 Meteorological [200 Azimuth [0.00
Global CtrlnyafIE.l} Ink Is o ing IR Thresholds — Precipitable Water
Direct Ctd / Ref IE-D Cavity Calibration {m}) ID Minimum W in I'IE-D Slope |1.33
Testi) / Testix-1) [15 Operator Log fm) [0 Maximum Win [450 Intercept [130

Figure 10-30. SYSTEM Table Maintenance window

Only the comments fields are editable in this table. All changes to the configuration are
accomplished with the Configuration Editor, which is described in Section 6.7.3 on System

Configuration.
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10.2.30 System Configuration Table (BORCAL-LW Only)

Data Table Maintenance

Table Maintenance

System Configuration
Table [5YSTEM IR
iBelect Configuration:

2014-02 007 _‘I

2014-02 008

201501 001 Exit |

201501 002

201502 001

2015-02 002

Edit Cancel | Dane |
BORCAL I2D1 502 Configuration Number IB Comments [~
— Delta Thresholds — —— Analysis Rejection —— Clock Misc
i Mo. of Std. Dev. |3 Reset Interval {m) |D Scan Rate {E}Iﬁ
Ref Pyg Stabilty [2.0 Threshold 1 (Blue) [1.00 Warming Threshold (s) [0 Uncet. Dec. Frecson [
ncert. Dec. Precision
Tempé) - Tempfe1)[5.0 Threshold 2 (Green) 200 Dekta UT1 s} [0.600
HumGe) - Huméc1)[10.0 Threshold 3 (Brown) [3.00
Barx) - Ear{x—1)|5.D — Solar Position Algorithm — — Aute Mode Zenith Angle —
Thrmix) - Ternp{;(}h 0.0 —— % Emor Thresholds —— Delta T (=) IE?.?S-d Aftemoon Startup |54
TP@x) / TPEe-1) IE-.D Atmos. Refraction (deq) ID.EEE? Moming Shutdown Iﬁd

Figure 10-31. SYSTEM_IR Table Maintenance window

Only the comments fields are editable in this table. All changes to the configuration are
accomplished with the Configuration Editor, which is described in Section 6.8.3 on System
Configuration.

10.2.31 Broad Scope Edits

Sometimes changing information in one field can affect other tables or data files. In these
circumstances, the system will make the necessary global changes to maintain the data’s
integrity. For example, when changing an instrument’s serial number, all references to the
original serial number within the system will be changed including those within data tables and
data files. In such cases, the system may ask for bounding information to limit the scope of the
change—for example, to within the selected BORCALs.

Use caution when making edits that cause irrecoverable changes. For example, if two
instruments were erroneously entered with their serial numbers swapped—A labeled as B, and B
labeled as A—and you renamed A as B, both instruments would then be named B, and there
would be no way to distinguish between them to properly rename B as A. In this type of
situation, A should be first renamed to X, then B renamed to A, and finally X renamed to B.

Edits that require a change beyond the scope of a single field in the database force a backup of
the affected files. These backups are stored under the BACKUPS folder in individual folders
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named with the date and time of the edit operation. Although there is no facility for restoring the
backups, the backups are copies of the original files prior to the edit, and hence the backup files
can be copied back to their original location as a last resort to reverse unwanted changes.

When restoring backup files, all files in the backup directory must be restored to ensure data
integrity. This will restore the system to the state at the time of the backup and will cause the loss
of any data or changes created since that time.

10.3 Editing Session Validity

The operator generally designates session validity at the time of data acquisition. However, it is
often desirable to revise decisions about a session after comparing it to other sessions at the end
of a BORCAL. Although session validity can be edited directly in the Session Table
Maintenance window, a special editing utility is provided that allows you to make changes more
easily.

To edit session validity, set the BORCAL type (LW or SW), then select Edit—Session Validity
from RCC’s main window.

I

¥ Radiometer Calibration and Characterizatio 0=
File Acquisition Generate View Help
BORCAL /Session

Session Validity RCCvy
Data Indusion/Excdusion
BORCAL | 2002-04
Data Base 3
Operator Log Date |01/09/03
Time | 12:55:35
Zenth | 62.78
-
& = Azimuth | 192.84
« »NeSL
oy Ne Ti Incident

Figure 10-32. Selecting a Session Validity from RCC’s main window
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This brings up the Session Validity window, as shown below.

Session Validity x|
BORCAL 2002-04 v

013: 08/25/2002 13:15:22 to 08/25/2002 13:23:34 ;l
014: 08/26/2002 07:22:55to 08/26/2002 08:22:57
015: 08/26/2002 08:22:57 to 08/26/2002 09:19:58
016: 08/26/2002 05:19:58 to 08/26/2002 10:19:55
017: 08/26/2002 10:19:55 to 08/26/2002 11:20:01
018: 08/26/2002 11:20:01 to 08/26/2002 12:19:03
019: 08/26/2002 12:19:03 to 08/26,2002 13:15:04
020: 08/26/2002 13:15:04 to 08/26/2002 14:15:06
021: 08/26/2002 14:15:06 to 08/26,2002 14:51:40
022: 08/27/2002 10:24:00to 08/27,2002 11:24:02
023: 08/27/2002 11:24:02 to 08/27/2002 11:35:29
024: 08/30/2002 05:50:42 to 08/30/2002 05:59:20
025: 08/30/2002 06:02:45 to 08/30/2002 07:02:50
026: 08/30/2002 07:02:50 to 08302002 08:02:52
027: 08/30/2002 08:02:52 to 08/30/2002 09:00:54
028: 08/30/2002 09:00:54 to 08/30/2002 10:00:55
025: 08/30/2002 10:00:55 to 08/30/2002 11:03:57
030: 08/30/2002 11:03:57 to 08/30/2002 12:03:58
031: 08/30/2002 12:02:58 to 08/30/2002 13:01:00
032: 08/30/2002 13:01:00 to 08/30/2002 13:09:28
033: 09/02/2002 10:07:38 to 09/02/2002 11:03:40
034: 09/02/2002 11:02:40 to 09/02/2002 12:23:41
035: 09/02/2002 12:22:41 to 09/02/2002 12:23:43
036: 09/02/2002 13:22:43 to 09/02/2002 14:32:44
037: 09/02/2002 14:32:44 to 09/02/2002 15:32:46
038: 09/02/2002 15:32:46to 09/02/2002 16:35:48 —
035: 09/02/2002 16:3%:48 to 09/02/2002 17:17:33 T

LA ALK

LAA LA LA

Check None | Check Al | g | ooy |

Figure 10-33. Session Validity window

The sessions are labeled by number and time, and a check mark indicates a valid session.
Validate or invalidate sessions by clicking in the leftmost column. After making all changes,
click on Apply.

10.4 Data Inclusion/Exclusion (BORCAL-SW Only)

Editing access to individual data points can be accomplished by using the Data
Inclusion/Exclusion tool. This tool allows you to select subsets of data to be designated as
unconditionally excluded from the data set during the responsivity calculations. Similarly,
subsets of data can be designated as unconditionally included in the data set, overriding flagging
(but not overriding outlier filtering). Specific flags or classes of flags can be unconditionally
ignored when designating data to be included. This allows the operator to include data that were
improperly flagged as bad under conditions known to be good. This tool allows either excluding
all specified data regardless of flags or including data by ignoring specific flags. Data for
exclusion or inclusion can be specified for any instrument by specific time to a resolution of 30
seconds.

From RCC’s main window, set the BORCAL type to SW, and then select Edit—Data
Inclusion/Exclusion.
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Radiometer Calibration and Characterizatio o [=]

RCC vi ii

Ix

E\Ieﬁ:quisiﬁun Generate  View Help

BORCAL fSession
Session Valid

BORCAL | 2002-04
Loz ' Date [01/05/03
Operator Log o=

Time | 13:16:44
Zenith | 63.83
&+ . 7 7

& ‘:'N'\'E'_ Agimuth | 197.79

gt Tit Incident

Figure 10-34. Selecting a Data Inclusion/Exclusion from RCC’s main window

This brings up the Instrument Inclusion/Exclusion editing window.

=

Instrument Inclusion/Exclusion

Legend

Global Change ‘ ¥ Ignoring Flags M Excluding Data ™ lIgnoring & Excluding within hour Cancel | Save & Exit | Save |

Chic All | Chlc None

-— = HOUR " [201101
Instrument 5/M D123 |4|5([6|7|8[5 1011 |12|13|14[15]|16]|17(18|19|20(21|22|23

JJanuany 20 2011

[ E] ,_
010258
10652 Erev Doy | Nt oy |
15187
17836E6 — Apply to Selection
18621
19047E6 %% |gnore Flag(s)
1979286 M Test Inst. Adj. Reading
2163 I Control/Ref. Disagres
25825F3 )
25967F3 W (Mot Used)
28402F3 [T Mult. Ref. Cavity Disagres
ZSADEF}HOLES M Mutt. Ref. Diffuse Disagree
EESDEE [~ {hot Ussd)
31900EE5D I~ Pyrg. W4n Out of Bounds
33852F3 M Pyrg. Case Therm. Emors
34718 M Pyrg. Dome Therm. Emors
34?2”_, M Test Case Them. Emors
520057 M Test Dome Therm. Emors
520058 ™
9560551
986725 ~
PY175E Exclude All Data
PYHR101 " Remove All Fitters

Figure 10-35. Instrument Inclusion/Exclusion window

In this window, hourly segments of data for all instruments are available for editing. At the top
right of the window, select the desired day by clicking on Prev Day or Next Day.

The range of available days is determined by the first and last days of data acquisition, and it
may include intervening days for which no data were taken.

10.4.1 Flag Designation

At the right of this window is a section with several colored check boxes corresponding to flags
applied to the data during data acquisition. This section contains radio buttons for Ignore Flag(s),
Exclude All Data, and Remove All Filters, as shown in the figure below.
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-

" BExclude All Data
¢ Remove All Fiters

Figure 10-36. Available options for data inclusion and exclusion

Each option is described below:

e Ignore flag(s): presents several colored check boxes that correspond to specific data
acquisition flags or classes of flags. Selecting this option activates these boxes and allows
the operator to choose any combination of flags that should be ignored for the designated
instrument and time. If this option is selected, at least one box must be checked.

e Exclude all data: unconditionally excludes all data for the designated instrument and time

e Remove all filters: removes previously selected exclusions or Ignore Flag settings for the
designated instrument and time.

Prior to marking any time segments (described below), click on the check boxes for flags that
should be ignored. (If the time segments are defined first, the selection will be lost when clicking
on the flag boxes.)

10.4.2 Designating Individual Hours

You can click or drag in the matrix to indicate which instruments and for which times an
inclusion or exclusion is desired. Click on Apply to mark the data; excluded designations will be
marked in red, and flagged designations will be marked in green.

10.4.3 Designating Individual Data Points

Access to individual data points to 30-second resolution is available by double-clicking on an
hour in the matrix. This brings up the Minute Selection editing window, as shown below.
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Figure 10-37. Minute Selection window for data inclusion/exclusion

This window allows you to designate a data subset by clicking on or dragging in the matrix by
using the minutes label on the left and the seconds label on the top to locate the desired time. If
you mark a box in the :00 column, any data point that falls within the range of :00 to :29 seconds
for that minute will be affected. If you mark a box in the :30 column, any data point that falls
within the range of :30 to :59 seconds for that minute will be affected. Prior to making a time
selection, configure the Flag, Exclude, or Remove section on the right. After designating the
time, click on Apply. Excluded designations will be marked in red and flagged designations will
be marked in green on the time matrix. The grid on the right displays each flag designation by
color, as shown in the figure below.
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Figure 10-38. Minute Selection window with exclusions applied

Click on Done to carry the designation back to the Instrument Inclusion/Exclusion window.
Click on Cancel to return without retaining the designations. Any portion of an hour designated
by a minute selection will be indicated in the Instrument Inclusion/Exclusion window by a
marked hour. Hours with mixed flag and exclusion designations will be indicated by a yellow
marker.

10.4.4 Global Changes

Broad-brush designations can be made that affect any number of instruments for any continuous
span of time within the BORCAL. To make global changes, mark instruments by clicking in the
leftmost column in the Instrument Inclusion/Exclusion Window next to any instruments for
which the changes apply. (This places a check mark in the column to the left of the instrument’s
serial number.) Alternatively, you can click on Chk All or Chk None to mark or unmark all
instruments. After marking all desired instruments, click on Global Change, which brings up the
Checked Instrument Data In/Exclusion window.
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Figure 10-39. Checked Instrument Data Inclusion/Exclusion window

This window allows you to select the date and time range of the inclusion/exclusion designation.
For the starting time, the seconds can be 0 or30; for the ending time, the seconds are can be 29 or
59. As described above, use the buttons and colored flag check boxes to select whether to include
or exclude the designated data. When the configuration is complete, click on Done, and the
designation will be updated on the Instrument Inclusion/Exclusion window. Click on Cancel to
discard the changes.

10.4.5 Saving the Changes

When all designations are complete, exit the Instrument Inclusion/Exclusion window by clicking
on Save, Save and Exit, or Cancel at the top left of the window. All saved changes will be
available for viewing or revision the next time the Data Inclusion/Exclusion editor is opened.
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10.5 Editing the Operator Log (BORCAL-SW Only)

Changes can be made to the Operator Logs by selecting Edit—Operator Log from RCC’s main
window when in SW mode. This brings up the Operator Log selection window, as shown below.

x
Session
7 s —
155702 2 _I
135703 3
135704 4
195705 5
1398-01 6
1558-02 7
1958-03 8
1958-04 5
1958-05 10
159501 i
135502 12
195503 13
195504 14
200001 15
2000-02 18
2000-03 17
2001-m 18
2001-02 13
2001-05 20
2002-01
2002-02
2002-03
2002-04
Cancel Select

Figure 10-40. Selecting previous operator logs for editing

Select the desired BORCAL on the left, then select the desired session on the right. Click on
Select (or double-click on the session number), which brings up the Operator Session Log
window.
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= gperator Session Log x|

Date  (08-25-2002 BORCAL 1200204 Session Start Time |10:25:13

Session 10 Session End Time |11.23.15

Operator 1 Steve Wilcox Serial Number  Setup Time Muttiplier {beginning)  Muttiplier {ending)
Cavity 1 31104 | 53 | B5e4 | 5574 |

Dbservation Time:  Sky Conditions / Comments

m A little hazy, particularty over Denver. Clear skies except for a few small cumulus to the south. Wind from ;l
11:07:26 the south at about 2 m/s.

E E
Zenith [33.76 asr I Direct [960.9 % Diffuse 103 | gancel| gone|

Figure 10-41. Editing previous operator logs

Choose the desired entry by clicking on the corresponding Observation Time in the left column.
You can use conventional text editing commands to make changes to the comments text. No
other fields are editable. When edits are complete, click on Done or Cancel.
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11 Data Imports and Exports

RCC imports test instrument net IR responsivity (Rnet) values as determined by a blackbody
calibration.

RCC provides several export functions for calibration data, including:

e Raw or filtered reference and test instrument data
e Meteorological data

e Instrument responsivities and other characterizations.

11.1 Test Instrument Rnet Imports (BORCAL-SW Only)

When instruments are to be configured for an ENICR, to speed the data entry of instrument Rnet
values and minimize error, RCC can import the Rnet responsivity values produced by a
blackbody characterization. (This process should be completed prior to the BORCAL-SW
configuration so that the information is available as each instrument is configured.)

To access this import function, set the BORCAL type to SW, then select
File—>Import—Instrument RSnet, as shown below.

File Edit Acguision Generate View Help

Mew BORCAL

épen BORCAL RCC v

Impart B Instrument RSnet

Export b Instrument ESnet from blackbody K1 L I 200604
Exit Daie [08/30/06
— Time Im

Zenith | 4059
L 3
S - Azimuth | 131.44
'*I! I-' — |
&;"4 'Ia__ Titt Inc:ideml

Figure 11-1. Selecting an Rnet import from RCC’s main window

This brings up a browser that allows you to select the desired file containing the blackbody K1
values, which are used to compute the Rnet values. The import file must be of the comma-
separated format with data columns in the order shown below:

e (Calibration Date (MM/DD/YYYY)

e Model and Serial Number in Blackbody format

e Blackbody K1 Value (W/m*/uV)

e Uncertainty (U95 %)

e Correcting Pyrgeometer” (Serial Number, Make, Model) in RCC Format
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* The correcting pyrgeometer field is an optional field that is not provided by the blackbody characterization. The
user can enter this information using text editor or Excel.

When the import file is selected and the information is analyzed by RCC, the summary table
shown below is created.

&5 RS Net Import (=)
RS Met Import Preview

Model & SN Found Instrumerit 1D Use |Comectable | BE K1 | RS Met |Uncert Date Pyrgeometer |D {optional) Import Status d
PSP-30652F3 30852F3 Eppley PSP TOT ez 0411 0.666 10.0 | 872008 30595F3 Eppley PIR oK
PSP-25615F3 29615F3 Eppley PSP TOT ez 0.445 0.643 10.0 | 872008 25526F 3 Eppley PIR-V oK
PSP-25610F3 29510F3 Eppley PSP TOT ez 0.432 0.676 10.0 | 872008 25526F 3 Eppley PIR-V oK
PSP-307T05F3 30709F3 Eppley PSP TOT ez 0.443 0.618 10.0 | 872008 25526F 3 Eppley PIR-V oK
PSP-30854F3 30894F3 Eppley PSP TOT ez 0.437 0.643 10.0 | 872008 25526F 3 Eppley PIR-V oK
PSP-30940F3 30940F3 Eppley PSP TOT Yes 0.455 0.623 10.0 STI2006 29926F3 Eppley PIR-V oK
PSP-316833F3 31633F3 Eppley PSP TOT ez 0.414 0.662 10.0 | 872008 25526F 3 Eppley PIR-V oK
PSP-30850F3 30830F3 Eppley PSP TOT ez 0.455 0.587 10.0 | 872008 25526F 3 Eppley PIR-V oK
PSP-30685F3 30666F3 Eppley PSP TOT es 0.421 0589 10.0 B8/7/2006 28925F3 Eppley PIR-V OK
PSP-30925F3 30929F3 Eppley PSP TOT ez 0.443 0.635 10.0 | 872008 25526F 3 Eppley PIR-V oK
PSP-30795F3 30799F3 Eppley PSP TOT ez 0.450 0.625 10.0 | &/8/2008 oK
PSP-30950F3 30950F3 Eppley PSP TOT ez 0.453 0.604 10.0 | &/8/2008 oK
PSP-14862F3 14852F3 Eppley PSP TOT ez 0.405 0.750 10.0 | &/8/2008 25526F 3 Eppley PIR-V oK
PSP-30823F3 30823F3 Eppley PSP TOT ez 0.442 0.636 10.0 | &/8/2008 25526F 3 Eppley PIR-V oK
PSP-Z52T5F3 29275F3 Eppley PSP TOT ez 0.450 0.632 10.0 | &/8/2008 25526F 3 Eppley PIR-V oK
PSP-30881F3 30891F3 Eppley PSP TOT Yes 0.478 0.582 10.0 BIB2006 29926F3 Eppley PIR-V oK
PSP-30933F3 30933F3 Eppley PSP TOT ez 0.470 0.581 10.0 | &/9/2008 25526F 3 Eppley PIR-V oK
PSP-30665F3 30855F3 Eppley PSP TOT ez 0.420 0.6594 10.0 | &/9/2008 25526F 3 Eppley PIR-V oK
PSP-30812F3 30812F3 Eppley PSP TOT es 0.424 0.871 10.0 5/8/2006 29926F3 Eppley PIR-V OK
PSP-25281F3 No 0.417 0.000 10.0 | &/9/2008 Fail - Unknown Inst
PSP-32814F3 No 0.434 0.000 10.0 | &/9/2008 Fail - Unknown Inst
PSP-32813F3 No 0.480 0.000 10.0 | &/9/2008 Fail - Unknown Inst
PSP-32815F3 No 0.455 0.000 10.0 | &/9/2008 Fail - Unknown Inst
PSP-25915F3 29915F3 Eppley PSP TOT ez 0.445 0.650 10.0 | &/9/2008 25526F 3 Eppley PIR-V oK
PSP-31285F3 31289F3 Eppley PSP TOT ez 0.444 0.615 10.0 | &/9/2008 oK
PSP-31285F3 31285F3 Eppley PSP TOT ez 0.459 0.596 10.0 | &/9/2008 oK —
PSP-31280F3 31250F3 Eppley PSP TOT ez 0.447 0.603 10.0 | &/9/2008 30595F3 Eppley PIR oK
PSP-31275F3 31279F3 Eppley PSP TOT ez 0.536 0.457 10.0 | &/9/2008 25526F 3 Eppley PIR-V oK
PSP-31278F3 31276F3 Eppley PSP TOT es 0.457 0.573 10.0 S/8/2006 25926F3 Eppley PIR-V oK
PSP-31274F3 31274F3 Eppley PSP TOT ez 0.481 0.636 10.0 | 8132006 25526F 3 Eppley PIR-V oK
PSP-31285F3 31295F3 Eppley PSP TOT ez 0.452 0.545 10.0 | 8132006 30595F3 Eppley PIR oK
PSP-32018F3 32018F3 Eppley PSP TOT ez 0.435 0.612 10.0 | 8132006 25526F 3 Eppley PIR-V oK j

Import to Database | Cancel

Figure 11-2. Rnet Import Preview window

This table shows the status of the import process as it attempts to match incoming instrument
identification numbers with instruments known to RCC. If the instrument is not in the RCC
Instrument Inventory table, the field for Found Instrument ID is blank and the field for Import
Status displays a Fail message. If the instrument is found, the values for each field are displayed
in the line for the instrument indicating the values to be imported to the Instrument Inventory
table. If all information is correct, click on Import to Database, and the values will be written to
each instrument’s record in the Instrument Inventory table. To compute the Rnet value from K1,
RCC uses the RS@45 value computed during the last valid BORCAL. If this is a new instrument
that has never been calibrated using RCC, then it will use the factory RS value entered in the
instrument inventory table. If the factory RS is unavailable, then a Fail message will be
displayed for that instrument. (All of the imported values can be entered or modified manually in
the Instrument Inventory table or during the BORCAL configuration.)
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11.2 Test Instrument and Meteorological Exports

From RCC’s main window, select File—Export—Test Instrument or
File—Export—Meteorological Instrument.’

@ padiometer Calibration and Characterization |'._||E|E|
File Edit Acguisition Generate YWiew Help
Mew BORCAL RCC

Cipen BORCAL

Impart Instrument RS net

Ezport Test Imskrument
Exit Meteorological Instrument B/23/08
AIMCalibration Stickers 3:57:56
Responsivity BinsCoefficients 0.9
o2 - Azimuth | 112.36
« whez=L

‘@';‘@' Tikk Inc:iu:lentl

Figure 11-3. Selecting a test instrument export from RCC’s main window

This brings up the Test Instrument Export or the Meteorological Export window. The two are
very similar, but the Meteorological Export window does not have all options. (Exceptions are
noted in the descriptions.)

? RCC does not support exporting BORCAL-LW at this time.
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= Test Instrument Export El

# [20me-1 |
Field MName Flag | Sessions Instruments [zerial numbers) B YERY
ate Foimat Imm Yy I
1 [Date dr || [ 2
2 [Time (std) [ | = 2 070046 — Time Format |hh 55 I
- 3 (10256
3 Ilncldenl I r 4 010258 Text Qualifier I" I
- 5 15189
4 IAZImulh j r I 02122 Delimiter m
5 I{nnne} I r 7 025454
058713 g ¥
6 ftonst 1T || |5 D5a714
7 fronet ] 10 058715
{none} r 11 L)
8 [frener |~ 12 15187
13 17801F3
3 [fronet ar 14 1783666
10 I{nnne} I r 15 18621 ASR Filter Iﬁreen
16 16745FPP
11 {none} r 17 19047ER Flag Fiter I
] e — 18 1979266
{ronek L 19 200B8F3
12 [{ronet | el 20715F3
21096
14 I{none} | 163 |
15 |{nnne} l r ZI214F3
16 [inonet r gggg;m ¥ Include field header
IS 25782F3
17 [nane} u I5792E6 Export data into one file
18 I(nnne} I r 25820F3 Export data into separate files
= — 2ER2EF3
13 |inone 2R57F3 -
20 I{nnne} I r 2703 MI
20400F3
21 [inoner | r 2B4M2F3
EREL:
22 I{nnne} l r 1146F3
| — T
24 fronet | T 31155F3
= E || |31serz =l Expon |
I I Cancel
2 nonet u Chesk &l | Check Al | ]
erg I{nnne} I r
oo ] | CheckAlyaid

Figure 11-4. Test Instrument Export window

The Test Instrument Export window has the following configuration sections:

e Field selection

e Session selection

e Instrument selection (not available for meteorological exports)
e Format designation

e Filtering options (not available for meteorological exports)

e Output options (not available for meteorological exports).

11.2.1 Field Selection
11.2.1.1 Test Instrument Field Selection

This section allows you to configure the structure of the output record by choosing from among
15 fields:

e Date: calendar date of the measurement
e Time (standard): local standard time of the measurement
e Time (solar): solar time of the measurement

e Zenith: solar zenith angle at the time of the measurement
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¢ Incident: angle of solar incidence between the sun and plane of the instrument

e Azimuth: solar azimuth angle

e Voltage: instrument output voltage

e Voltage (corrected): ENICR instrument output voltage

e Responsivity: calculated responsivity for the observation in uV/W/m?

2

e Responsivity (corrected): ENICR calculated responsivity for the observation in pV/W/m

e  Multiplier: calculated multiplicative calibration factor for the observation (reciprocal of
the responsivity multiplied by 1,000) in mV/mW/cm®

e Multiplier (corrected): ENICR calculated multiplicative calibration factor for the
observation (reciprocal of the responsivity multiplied by 1,000) in mV/mW/cm?

e Reference direct: reference direct beam measurement in W/m?
e Reference diffuse: reference diffuse measurement in W/m?>
e Reference global: calculated global reference in W/m®

o Effective Net IR: Effective Net Infrared Irradiance based on Pyrgeometer Incoming IR
(Win) and Instrument’s Wout (if instrument has a case thermistor, otherwise
Pyrgeometer’s Wout) in W/m®

e Effective Net IR (Pyrgeometer Wout): - — Effective Net Infrared Irradiance based on
Pyrgeometer Incoming IR (Win) and Pyrgeometer’s Wout in W/m®

e Pyrgeometer thermopile voltage: pyrgeometer’s thermopile voltage

e Pyrgeometer case temperature (°C)

e Pyrgeometer dome temperature (°C)

e Instrument case temperature (°C)

e Instrument dome temperature (°C)

e ASR score: ASR score during the measurement

e Session: data acquisition session number

¢ Instrument serial number: serial number of the instrument

e Pyrgeometer serial number: serial number of the correcting pyrgeometer

e Instrument Rnet: instrument’s Effective Net Infrared response (determined by blackbody
system)

e Pyrgeometer coefficients: KO, K1, K2, K3, and Kr coefficients (each as a separate field).

Only the specified fields will be output, and the record will be formed from left to right on a
single line using the specified delimiter (described below).
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11.2.1.2 Meteorological Instrument Field Selection
This section allows you to configure the structure of the output record by choosing from among

eight fields:
e Date: calendar date of the measurement
e Time (standard): local standard time of the measurement
e Time (solar): solar time of the measurement
e Reference direct: reference direct normal (beam) used for AOD estimation
e Temperature: temperature (°C)
e Relative humidity: relative humidity (%)
e Bar pressure: barometric pressure (mbarr)
e Broadband AOD: estimated broadband AOD (unitless).

The number on the left side of the field indicates the order that the field will appear in the output
record. Each field is configured by clicking on the down arrow on the right side of the field and
selecting the desired measurement or parameter from the pop-up list.

Test Instrument Export

Field MName Flag
1 Date * [
2 Time(stdy | [
3 Incident *
4 |Azimuth * [
5 Hnone} * [
g Diate

Time (std)
7 Time (solar)
3 Zenith
Incident
g Azimuth
Voltage

Responsivity
1 Multiplier
Ref. Direct
12 Ref. Diffuse
13 Ref. Global
""" ASR Score
14 Session
Inst. 5/M
B {none}
I Include field header

Figure 11-5. Selecting fields for test instrument export
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Any parameter can be placed in any field position. Although the first four fields are
preconfigured with Date, Standard Time, Incident Angle, and Azimuth Angle, these defaults can
be overridden by selecting other parameters for those fields.

Fields designated with (none) will not be included in the output record even if such fields are
designated between other parameter designations.

If the box for Flag is checked, a flag field will be output following the parameter value. Not all
parameters have flags, and if a flag field is specified for such cases, no flag field will be output.

If the box for Include Field Header is checked, the file will contain a header that defines all
fields.

11.2.2 Session Selection

You can select the sessions from which the data are read by selecting from among the options in
the Sessions list.

NS4
==l

% 4%
b
L

Check All Valid

Figure 11-6. Selecting sessions for test instrument export

Select a session by clicking in the leftmost column. A check mark indicates a selected session.
Clicking on Check All selects all sessions. Selecting Check All Valid selects all valid sessions by
drawing from the same source as that used for instrument characterizations. (See Section 11.2.5
on Filtering Options.)
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11.2.3 Instrument Selection

You can select the instruments to be included in the output file by selecting from among the
options in the Instruments list (not available for meteorological exports).

Instruments (serial numbers);

007317 -
0100345HD —
010046
0100465HD
10652
15187
15658F3
7836EG
18745FPP
19792E6
21096

E6
F3
25825F3
30338E6
J07Z7ES
30845F3
31130ES
3257F3
31500E6-5D
3Z23NSHD
32863
32864
33253
33273

RETE |

Figure 11-7. Selecting instruments for test instrument export

Select an instrument by clicking in the leftmost column. A check mark indicates a selected
instrument. Clicking on Check All will select all instruments. If an instrument name in the list
appears gray, it means that no data are available for the selected session, and the output file will
not contain any data records.

11.2.4 Format Designation

Several options are available for the output file format. These are shown in the upper right corner
of the window.

Date Format  mm/dd/yyyy
Time Fomat Phmmss ¥
Text Qualfier " hd

Delimiter Comma -

Figure 11-8. Selecting output format for test instrument export
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Options are accessible by clicking on the down arrow on the right side of each field. All options
are described below.

e Date format

mm/dd/yyyy: month-day-year (slash delimited)

O

o dd/mm/yyyy: day-month-year (slash delimited)
o yyyy/mm/dd: year-month-day (slash delimited)
o yyyymmdd: year-month-day (no delimiter)
o mmm/dd/yyyy: month abbreviation-day-year (slash delimited)
o dd-mmm-yyyy: day-month abbreviation-year (dash delimited).
e Time format
o hh:mm:ss: hour-minute-second (colon delimited)
o hhmmss: hour-minute-second (no delimiter)
o hh.dddd: decimal hour.
e Text qualifier (character used to indicate text fields)
o “:double quote
o ‘:single quote
o {none}: no qualifier.
e Delimiter (character used to separate data fields in the output record)
o Comma
o Space
o Tab
o Semicolon

o User defined: If this option is selected, a single character can be entered in the box
for User Delimiter on the window. This box is dimmed until the option for User
Defined is selected.

11.2.5 Filtering Options

This option allows you to filter data by using either the ASR score or the data flag (not available
for meteorological exports).

e Choose the desired ASR designation (blue, green, brown, or red) by clicking on the down
arrow on the right side of the field and selecting it from the list.

e The Flag option will filter data according to the data flags. Regardless of the output
instruments selected, any measurement with an associated abnormal flag will not be
output. For example, a test instrument measurement that has associated flagged reference
instrument data will be excluded.
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Although the data filter that is configurable here is similar to that used for characterizing the
instrument responsivity, additional steps occur during the responsivity calculations that are not
duplicated here. Thus, it is not possible to ensure that the exported data set is the same as that
used for the responsivity calculations. However, the exact data set used for the responsivity
calculations for each instrument is located in the data folder for the BORCAL within the
CALDAT folder. Although that data set is not configurable for output fields, it is possible to
examine those files with a text editor to determine the exact measurements used for the
responsivity calculations.

The configuration in the Inclusion/Exclusion section also affects the exported data. However, the
processes for data exclusion and ignoring a flag are optimized for internal program responsivity
calculations and may sometimes produce unexpected behavior when exporting data. For
example, some calculated fields may appear as missing in the export file if necessary fields are
not available.

11.2.6 Output Options

You can select naming options for the file output by using the box for Output Options (not
available for meteorological exports; data are always put in a single file).

Export data into one file
Export data into separate files

Directony |

Figure 11-9. Output options for naming the file for test instrument export

Use the slider to select from the following two options:

e Export data into one file: all records are placed in a single file. It is necessary to select
Instrument Serial Number as an output field to identify the source of the data record.
When this selection is made, the button at the bottom changes to File Name, allowing you
to specify the output file name and directory. The file output will grouped by the
instrument—i.e., all records for an instrument will be in one group followed by the group
of records for the next instrument, etc.

e Export data into separate files: data from each instrument will be placed in a separate file.
Files will be named according to the instrument’s serial number and type. The button for
Directory allows you to choose the directory for the output file from a conventional
browsing window.

11.3 AIM Database and Calibration Sticker Data

RCC provides two special-purpose formats for exporting calibration data: the AIM database
format and a file formatted for the LabelRIGHT calibration sticker generation program. These
output formats are fixed and cannot be modified. Only instruments configured as AIM
Exportable in the Radiometer Inventory table will be transferred to the AIM database.
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Access these exports from File—>Export—AIM/Calibration Stickers on RCC’s main window (for
both BORCAL-SW and BORCAL-LW).

06 ATM Database/Cal Sticker Export X|
Instruments {gerial numbers)
M07a17 a
0100345HD Validity Fiter
010046
0100465HD Marginal
10652
15187
15638F3
17836E6
18745FFF
19792E6
%g}gggm W FileMaker Pro AN Export
23323E6 ¥ LabelRIGHT Sticker Export
23382F3
25825F3
3039866
0727EE Flename |
30843F3 |
3113066
31257F3
31900E6-5D
323315HD
32863
32864
33253 ﬂl
33273
BETE | Cancel |
Check Al

Figure 11-10. AIM Database/Calibration Sticker Export window

In this window, the following options are available:

e Select the desired BORCAL. A window opens with the currently selected BORCAL, but
another BORCAL can be selected from the pulldown list at the top of the window, and
the instrument list will be updated.

e Select the instruments to include in the export (or click on Check All to select all
instruments). Instruments with gray lettering have been marked as invalid and cannot be
selected for export.

e Set the validity filter. This defaults to Marginal, which will include all instruments in the
export that have not been marked as invalid. If the valid option is chosen, instruments
with a marginal or invalid designation will be excluded from the export.

e Select either or both of the output formats for export.

e Set the file name and output directory. If both formats are selected, they will both have
the same file name, but they will have different file name extensions. (AIM exports will
have a .aim.csv extension, and the label format will have a ./bl.txt extension. The default
directory is the Export folder located within the current BORCAL data folder.
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For BORCAL-SW, The AIM export also creates special files (one per instrument per export
type) for use in posting data to the National Renewable Energy Laboratory’s AIM database
website. These files are sent to a folder created by RCC on the I: drive. This is intended to be a
mapped network drive wherein the web-accessible files for AIM are stored. The folder is named:

[:\<Site>\<Borcal _id>\<Instrument Id>.<Export Code>.txt

Where Site is the site-abbreviated name, Borcal id is the BORCAL identification number,
Instrument ID is the instrument’s serial number and type, and Export Code corresponds to the
type of export, as shown in the table below.

Table 11-1. BORCAL-SW Export Codes for File Names

Export Type Export Code |

Two-degree bins 2deg
Two-degree bins (avg.) 2avg
Responsivity coefficients coef
Latitude optimized lato

Click Export to start the export. Click Cancel to exit the window without exporting data.

If the I: drive is not accessible during an export for the AIM database, a warning message will be
issued. Although these special files will not be generated, the .aim.csv and or ./bl.txt files will be
generated in the specified directory.

11.4 Exporting Responsivity Bin and Coefficients (BORCAL-SW Only)

Responsivity characterizations for a radiometer can be exported to a formatted text file for
import to other applications. These are:

e Two-degree responsivities

o Two-degree responsivities (interpolated/extrapolated and averaged)
e Latitude-optimized responsivities

e Responsivity function coefficients.

Access these exports from File—»Export—Bins/Coefficients on RCC’s main window (BORCAL-
SW only).
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Responsivity Bins/Coefficient Export

BORCAL 201403 _|

Instruments (seral numbers)

DO0019 la
010258 — ¥ 2 Degree Responsivitiss
038265
038266
038267 ¥ 2 Degree Averaged
058714 Responsivities
058715
EEEE?E ¥ Latitude-Optimized
020012 Responsivities

?ﬁggéﬁ _ W Respaonsivity Function

101625 LrETEEs

101935
101936
102382 Directory
102383
102513
10652

110246
110258
110259
110273
110276
110622

Expart
113022
113024 = Cancel |

Figure 11-11. Responsivity Bins/Coefficient Export window

In this window, the following options are available:

e Select the desired BORCAL. The window opens with the currently selected BORCAL,
but another BORCAL can be selected from the pulldown list at the top of the window,
and the instrument list will be updated.

e Select the instruments to include in the export (or click on Check All to select all
instruments). Instruments with gray lettering have been marked as invalid and cannot be
selected for export.

e Select one or multiple export types.

e Use the button for Directory to choose the directory from a conventional browsing
window for the output file. The default directory is the Export folder located within the
current BORCAL data folder.
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The export files (one per instrument per export type) will all reside in the same folder. The files
will be named:

<Instrument Id>.<Export Code>.txt

Where Instrument ID is the instrument’s serial number and type, and Export Code corresponds to
the type of export, as shown in the table below.

Table 11-2. BORCAL-SW Export Codes for File Names

‘ Export Type Export Code

Two-degree bins 2deg
Two-degree bins (avg.) 2avg
Responsivity coefficients coef
Latitude optimized lato

Below are sample file names from a PSP pyranometer for the four export types:

o 29277F3 Eppley PSP.2deg.txt
o 29277F3 Eppley PSP.2avg.txt
o 29277F3 Eppley PSP.coef.txt
e 29277F3 Eppley PSP.lato.txt.

The file formats are self-documenting in the file header or otherwise explained in the file with
plain text. Values are expressed in exponential notation, and missing values are flagged with a
value of -9.90000000e+03.
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12 Report Generation

RCC provides the capability to generate several reports for examining output or archiving.

e Responsivities or coefficients generation (prior to generating reports)
e Reports
o Instrument results
o Full reports
o Customer reports
o Calibration certificates
e Operator log (BORCAL-SW only).
12.1 Responsivities or Coefficients

12.1.1 Responsivity Generation (BORCAL-SW Only)

This function does not generate a report per se, but rather it is fundamental and necessary to the
data used in other reports. As such, this function must be run before any of the other results
reports can be generated. As part of the responsivity generation, the system will update the
Calibration Data table with responsivities (see warning below). Calibration data will have an
accompanying flag in the data table, which is set according to the rules listed in Table 12-1.

Table 12-1. Flags for BORCAL-SW Responsivity Generation

Condition Flag

The data set does not include at least some measurements in the Marginal
zenith angles that range from 0-30 and 75—-90 degrees.

No data exists (after filtering) Invalid

The instrument calibration record will receive a valid flag unless the conditions shown in Table
12-1 are met. The operator can override this flag if other conditions are known to exist.
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Select Generate—Responsivities from RCC’s main window (in SW mode) to access the
Generate Responsivities window, as shown below.

x
200202 h

Instruments (seral numbers)

S0 79E ] e
30386F3
29001E6
29002E6
29009E6
29011E6
29751F3
29277F3
29279F3
79780F3
29541E6
29556E6
29605F3
29610F3
29611F3
29612F3
29617F3
29737E6
29911F3
29912F3
I0614F3
I0615F3
0621F3
10653F3 =

ASR Fitter Green b

LA LA LSl s LRl L s Ll s L s L s s

Fenerate | Cancel |

Figure 12-1. BORCAL-SW Generate Responsivities window

In this window, you can configure the responsivity generation by using the following options:

e BORCAL: The window opens with the currently selected BORCAL, but this can be
changed by accessing a BORCAL list by clicking on the down arrow on the right side of
the BORCAL field at the top of the window. The instrument list will be updated if
another BORCAL is selected.

e Instrument selection: The default is all instruments, but you may deselect any instrument
by clicking in the leftmost column to remove the check mark.

e ASR filter; This invokes filtering to remove data with ASR scores more severe than that
selected. For example, selecting Green will remove Brown and Red, but retain both
Green and Blue because Blue is a less severe designation than Green.
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Click on Generate to generate the responsivities. Click on Cancel to exit without generating the
responsivities.

Warning: When invoking this action, you will destroy any previously generated results for the
BORCAL. When running the responsivity generation, the system removes any existing
responsivities for all instruments in the selected BORCAL, and the deleted records cannot be
reconstructed. Even when an instrument is not selected, data for that instrument will be removed
from the database and replaced with a record indicating an invalid result. Additionally, if
comments have previously been added to responsivity records for any instrument, those will be
removed and replaced with a blank comment field for the newly generated responsivities.

12.1.2 Coefficients Generation (BORCAL-LW Only)

This function does not generate a report per se, but rather it is fundamental and necessary to the
data used in other reports. As such, this function must be run before any of the other results
reports can be generated. As part of the coefficient generation, the system will update the
Calibration Data table with coefficients (see warning below). Calibration data will have an
accompanying flag in the data table, set according to the rule listed in Table 12-2.

Table 12-2. Flags for BORCAL-LW Responsivity Generation

Condition

No data exists (after filtering) Invalid

The instrument calibration record will receive a valid flag unless the condition shown in Table
12-2 is met. The operator can override this flag if other conditions are known to exist.

Select Generate—Responsivities from RCC’s main window (in LW mode) to access the
Generate Responsivities window.

EE——— |
BORCAL |2D1 02 I

Multiple Reference Filter:

IGreen I

[ Preliminary Results

Generate | Cancel |

Figure 12-2. BORCAL-LW Generate Responsivities window

In this window, you can configure the coefficient generation by using the following options:

e BORCAL: The window opens with the currently selected BORCAL, but this can be
changed by accessing a BORCAL list by clicking on the down arrow on the right side of
the BORCAL field at the top of the window. The instrument list will be updated if
another BORCAL is selected.
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e Multiple reference filter: This invokes filtering to remove data when the difference
between multiple references exceeds the limit for the color codes as defined in the system
configuration

e Preliminary results: This will cause the software to generate the preliminary residual plots
using previous BORCAL coefficients (or manufacture single responsivity); see Section
18.2.4 on File Format for more information. No information will be added to the
calibration database.

Click on Generate to generate the coefficients. Click on Cancel to exit without generating the
responsivities.

Warning: When invoking this action, you will destroy any previously generated results for the
BORCAL. When running the coefficient generation, the system removes any existing coefficients
for all instruments in the selected BORCAL, and the deleted records cannot be reconstructed.
Even when selecting preliminary results, calibration results for that BORCAL will be removed
from the database. Additionally, if comments have previously been added to coefficient records
for any instrument, those will be removed and replaced with a blank comments field for the
newly generated coefficients.

12.2 Reports

After responsivities have been generated, several methods are available for viewing the results.

If any changes are made to the BORCAL configuration (for instance, adding or deleting an
instrument) or additional data are acquired, you must regenerate the responsivities or coefficients
(as described above). To ensure that the report reflects the current state of the system, report
generation is blocked until responsivities are generated or regenerated.

12.2.1 Instrument Results

Two options are available for viewing results for individual instruments by selecting one of the
following from RCC’s main window:

o Generate—Report—Instrument Results—by BORCAL

o Generate—Report—Instrument Results—by Instrument.
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Figure 12-3. Selecting instrument results from RCC’s main window
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12.2.1.1By BORCAL

This option allows you to choose from all instruments within a specified BORCAL. See the
sample window below.

I Instrument Results by BORCAL (Previe: ﬂ
2002-02 -

Instruments (serial numbers)

IRTE S T
20386F3
29001E6
29008E6
29003E6
29011E8
29251F3
29277F3
29279F3
29280F3
295416
29556E8
29609F3
29610F3
29611F3
29612F3
29617F3
29737E6
29511F3
29912F3
30614F3
30615F3
30621F3
30653F3
30654F3
30662F3
30665F3 =

Figure 12-4. Instrument Results by BORCAL window

In this window, click on the desired instrument, and then click on Generate.
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12.2.1.2 By Instrument

This option allows you to specify an instrument and then choose from among the results for that
instrument from all the BORCALS that included it. When using this option, you will first see the
window shown below.

[ pesults by Instrument (Preview) 5'

17934F3
18289F2
20375F3
20386F3
29001E6
29008E6
23003E6
25010E6
23011E6
29251F3
29277F3
29278F3
29273F3
29280F3
29541E6
29554E6
2955566
29556E6
2957866
29608F3
2960F3
29610F3
29611F2
29612F3
29615F2
23617F3 =

Cancel |

Figure 12-5. Results by Instrument window

Double-click on the desired instrument. When the instrument is selected, you are presented with
a list of all BORCALSs in which that instrument was included.
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Figure 12-6. BORCAL Results by Instrument window

Select the desired BORCAL, and then click on Generate.

12.2.1.3Instrument Results

When the instrument results have been generated from either of the above two steps, you are
presented with previews of the data pages from the standard report for the instrument. Use the
buttons at the top and bottom of the window to navigate to other pages in the instrument’s report.

12.2.1.4 BORCAL-SW Only

On the second page (titled Calibration Results), the plots are color coded to show subsets of data.
The left plot (responsivity compared to zenith angle) shows the morning and afternoon data in
different colors. The right plot (responsivity compared to local standard time) shows the data
from each day in a different color.

The plot on the right side interactively allows you to select a single data point and obtain date
and responsivity information. Using the mouse, click near a point of interest, and the cursor will
snap to the nearest point. You can then read the date, time, and responsivity values for that point
from the display. For example, in the following plot, the user clicked on a data point near noon
(the red crosshairs), and the date, time, and responsivity are displayed below the plot.
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Figure 12-7. Viewing date and time for individual BORCAL-SW responsivities

Due to plot resolution restrictions, the times displayed in the Time field are approximate and
sometimes inaccurate by up to 3 minutes. However, the responsivity and approximate time

information together is valuable to help pinpoint a measurement in an exported data file wherein
the times are exact.

Select other points by using the mouse to click in a different location. Or, by using the keyboard
up and down arrow keys, you can move the cursor one point at a time across the plot. The arrow
keys move the cursor along data from a single day (a single color); if you want to examine data
from a different day, you must use the mouse to click near another data point.
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12.2.2 Full Reports

The full report contains all reportable information about a BORCAL including individual
instrument results, ancillary data, system notes, and operator logs. To generate the full report,
select Generate—Report—Full Report from RCC’s main window. This brings up the Full
Report Generation window, as shown below.

Full Report Generation

BORCAL 2011-01 Full Report

WNational Renewable Fnengy Laboratory

Report Sub Title IS:::Iar Radiation Research Laboratony

Second Sub Title IMetn:qu:ug'_.r Laboratony

Manager Mame (Signature) III:ulahim Reda Title |Technical Manager J

Tech. managers contact info Iibmhim.reda @nrel gov; 303-384-6385; 16717 Cole Blvd, Golden, CO 80401, U

Calibration Procedure IEOHCAL—F‘ED—CaIibmﬁDn and QA Procedure; available upon request.

Report Date [03/07/2011

Calibration Facility LIRL Il'rl'tp:;’f'-'u."n"n'.nrel.gnvfsnlar_mdiatinnf

Additional Motes or Comments

Generate | Cancel |

Figure 12-8. Full Report Generation window"°

' The Longwave Full Report screen includes one additional entry for Longwave Operators.
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This window allows you to customize the title and other portions of the report. Each configurable
field is described below:

e Report main title: first line of the title on the calibration certificates

e Report subtitle: second line of the title on the calibration certificates

e Second subtitle: third line of the title on the calibration certificates

e Manager name: manager or deputy signing under the certificate

e Technical manager’s contact information: contact information for the technical manager
e (alibration procedures: document name of the current calibration procedure

e Report date: date that appears on the front of the report. This defaults to the current date,
but it may be overwritten if desired.

e (alibration facility URL: text of the URL that appears on the last line of the ancillary
data page of the calibration certificate as the last part of the following sentence: For other
information about the calibration facility, visit: -----

e LW operators (BORCAL-LW full report only): names of operators that conducted the
BORCAL-LW (It does not require an operator login.)

e Additional notes or comments: text that appears after the boilerplate introductory text on
the third page of the report (under the introduction).

When this window appears, all fields except for those for Additional Notes and Comments
(which are left blank) default to the values used in the previous BORCAL.

Generate the report by clicking on Generate. This action brings up the print dialog box, which
allows you to direct the output to a particular printer or other output device, such as an RCC
certified PDF writer. Unless otherwise required for special purposes, print the report using the
default values for the printer.

12.2.3 Customer Reports

The system will generate reports for individual customers with a subset of data that applies only
to the selected customer. These customer reports do not include the session audit report, operator
logs, or instrument notes that apply to other customer’s instruments.

To help ensure that the customer reports are synchronized with the full report, the customer
reports cannot be generated until after the full report has been generated.
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To generate a customer report, select Generate—>Report—Customer Report from RCC’s main
window. This brings up a customer selection list, as shown below.

B8 Customer Report ﬂ

Customers

Calibration System -
Charles Kazimir —I
Dan Nelson

Dr. G. Tamizh-Mani
lbrahim Reda

John Augustine
NREL-S5RRL-Baseline
Tom Stoffel

Cancel | Check al| Generats |

Figure 12-9. Customer Report window

From this list, select the desired BORCAL (at the top) and customer(s) by clicking in the left
column. Selected customers are indicated by a check mark. Alternatively, you can click on

Check All to select all customers. Click on Generate, and a separate report will be generated for
each customer selected.

The information in this report configuration (such as report date and certificate titles) is drawn
from the full report configuration.

As with the full report, you will be presented with a printer dialog box to select the desired
printer or other output device.
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12.2.4 Calibration Certificates

Generate calibration certificates for each instrument in a BORCAL by selecting
Generate—Report—Calibration Certificates from RCC’s main window. This brings up the
Instrument Certificates window, shown below.

xq
BORCAL 200204 w
Instrumerts (serial numbers)
Rk e
0100345HD —
010046
0100465H
10652
15187
15698F3
17836ES
18745FPP
197526
21096
23090F2
2332366
23392F2
25895F3
303386
3072766
30849F3 | |
3113065
31257F3
31900EE-5D
333315HD
32863
32864
33252
13272
BE7E R
Cancel | Check Al Generate |

Figure 12-10. Instrument Certificates window

Select the BORCAL in the top field, and then select desired instruments by clicking in the left
column beside the instrument name. Selected instruments are indicated by a check mark.
Alternatively, click Check All to select all instruments. Instruments appearing with gray lettering
do not have valid results (i.e., they are invalid) and cannot be selected.

Click on Generate to generate a certificate for all selected instruments. As with the report
generation functions, you will be presented with a printer dialog box to select the desired printer
or other output device.

12.3 Operator Log (BORCAL-SW Only)

You can view and print the BORCAL operator logs by selecting Generate—»Report—Operator
Log from RCC’s main window (in SW mode). This brings up a window that contains all operator
log entries for the current BORCAL (use File—»Open BORCAL from RCC’s main window if
another BORCAL is desired). A sample window is shown below.
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perator Log 1'
BORCAL 2002-04 Operator Session Log
distant clouds to the south and west. Several fresh (living) yellowjackets in the trap on the deck. 4
Time Zenith ASR Direct % Diffuse Operator
11:45:04 29,37 Green 989.1 2.0 Steve Wilcox
Comments:
More breezy... winds from the east at about 5 m/s. Clouds still lingering to the south and west.
Time Zenith ASR Direct % Diffuse Operator
12:05:10 2g.12 Green 983.5 9.5 Steve Wilcox
Comments:
Clear skies. Clouds remain to the south and west, not increasing. Just got a couple cavity stability
alarms; winds from the east at about 4 m/s( blowing across the cavity opening).
Session: 12
Date Start Time End Time Cavity 5/N Setup M (beg) M (end)
0g-25-2002 12:23:17 13:11:48 31104 9:53 956.4 955.3
Observations:
Time Zenith ASR Direct % Diffuse Operator
1z:25:52 29.57 Green 985.4 2.8 Steve Wilcox
Comments:
Winds from the east at about 5 m/s. More clouds forming to the south and west.
Time Zenith ASR Direct % Diffuse Operator
12:46:28 30.70 Green 870.1 10.4 Steve Wilcox
Comments:
Clouds moving in from the west (cirrus and cumulus). Winds from the east at about 2 m/s.
Time Zenith ASR Direct % Diffuse Operator
13:06:46 32.41 Brown 851.9 11.8 Steve Wilcox
Comments:
BSE just went brown and got some cavity stability alarms... not much near the sky, but there is some
thin cirrus approaching from the west. Winds pretty light. Cloud bank growing over the mountains...
cumulus and cirrus.
Seszion: 13
Date Start Time End Time Cavity 5/N Setup M (bedq) M (end
08-25-2002 13:15:22 13:23:34 31104 9:53 8955.3 955.3
Cbzervations:
Time Zenith ASR Direct % Diffuse Operator
13:19:09 33.70 Green 947.9 1z2.5 Steve Wilcox
Comments:
Winds are picking up... from the east at 6-7 m/3. Several cavity stability alarms, though cirrus is also
affecting the ASR.
Session: 14
Date Start Time End Time Cavity 5/N Setup M (beg) M (end)
0E-2&-2002 07:22:55 08:22:37 31104 T:00 8956.3 955.4
Observations:
Time Zenith ASR Direct % Diffuse Operator
07:36:17 65.41 Green 850.0 15.8 Ibrahim Reda
Comments:
clearing, clouds at e. and s.horizon. i

Figure 12-11. Viewing operator logs

Use the scroll bar at the right to navigate through the report. Click on Print in the upper right
corner to print the report. Close the window by using the conventional Windows close button (X)
in the upper right corner.
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13 Viewing Time and Geometry Displays

Whenever the system is running, the date, time, and solar geometry displays are updated on
RCC’s main window. These displays can be removed from view or enlarged (excluding the date)
for the operator’s convenience.

13.1 Removing or Restoring Displays

From RCC’s main window, select View—Date/Time or View—Solar Geometry.

I
== Radiometer Calibration and Characterization o ] [ |

! File Edit Acquisiton Generate =GN Hi
¥ Date/Time
¥ Solar Geometery

RCC

' BORCAL | 2002-04
' Date |01/14/03
Time | 10:07:04
Zenith | 67.37
S NR= Acimuth | 149,02
St T Tilt Incident

Figure 13-1. Changing the visibility of the date/time and solar geometry

The status of the view is indicated by the check mark next to the menu options. If either option is
selected, the designated information will toggle between displayed and hidden.

13.2 Enlarging Displays

You can create portable, resizable displays for the fields for Time, Zenith, Azimuth, or Tilt
Incident by double-clicking on the corresponding display on RCC’s main window. This action
creates a larger window in the middle of the screen that contains the same time or geometry
information. As shown below, these windows can be resized and moved anywhere on the
desktop.

CF Ractometer Cabibration and Characterization

e B goouston Gmeals fen e

Figure 13-2. Enlarged Time and Solar Geometry windows

Enlarging multiple controls without moving the enlarged versions will cause the windows to
stack in the middle of the screen, each one hiding the previous window. Under such
circumstances, you must move the windows to view all of them.

These displays are included in the layout configuration during data acquisition and will appear
on the screen as they were when the Save Layout command is issued.
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14 Data Logger Channel Check

Annual checks of the data logger system must be performed before the calibration season. This
tests not only the data logger but all cabling used by the system for all instrumentation (with the
exception of the cavity). Prior to starting the channel check in the software, a technician should
check that all connections for each instrument are isolated or “open.” This means connecting an
ohm meter to each instrument connector on the outdoor platform to verify that the high and low
pins are open, high to shield are open, and low to shield are open. If there are additional pins for
thermistor channels, then all those combinations should be checked as well.

After the isolation test is completed, the software-based channel check requires two people: an
operator at the computer and an assistant at the instrument channel being checked. These two
people should be in easy communication with each other.

The channel check consists of placing a short on the high and low pins of each sensor and
measuring the offset voltage using the lowest data logger range. In addition for channels that
support resistance, the short is placed on those channels, and the resistance offset is measured. !

For facilities that have two independent data loggers for BORCAL-SW and BORCAL-LW, the
data loggers must be checked separately; therefore, it is important to select the BORCAL type
from the main menu prior to running test.

" For new installations (or as required by the BORCAL technical manager), additional source tests may be
performed by placing a voltage source (such as 5 mV) on each channel and a resistor (such as 10 kQ or 100 Q) on
channels supporting resistance. The source tests are not required to be conducted on an annual basis.

'2 The Channel Check function supports only the RAPDAQ data logger. Obsolete data acquisition systems
supported by RCC must be checked by using a separate software package.

174

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



14.1 Performing a Channel Check
From RCC’s main window, first select the proper BORCAL type (SW or LW), then select
Acquisition—Channel Check, as shown below. "

wm Radiometer Calibration and Characterization = ﬁ

File Edit | Acquisition | Generate  View Help

L Bun Session d RO wf

on Systern Test o e

Channel Check

- =t Longwave EORCAL | 2015-03

ﬁ“[i&iﬁﬁiﬁ.u. : —

Shart & ta Start Shart

................. it M it et e Date [07/08/15
Time I 15:85:50

Zenith | 51.25
=g - Azimuth | 268.22
“« PRS- [
St rl? Tilt Incident

Figure 14-1. Selecting a channel check from RCC’s main window

The System Test window appears and requires the user to configure the data logger. The channel
check is independent of the BORCAL configuration (and for new facilities, it is run before any
BORCAL event is configured); therefore, the user must configure each time the Channel Check

1s launched.

1 For facilities that share the same data logger for both BORCAL-SW and BORCAL-LW, the BORCAL type
switch position does not matter.
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£5 Channel Check x|

BORCAL Channel Verification using NREL-RAPDAG Test Type:
r Data IL::_i::g::eDrunt :ﬁ Tope ’_ Current Channel B ’7 ¥:§:12
GPIB Addresses Urits 0.mo- ET;ﬂel
i 1 2 3 0.008 ¥ _
e s ol (S e

15
0.004 StartGraph |
GFIE Boards; ............
DVM,IE_ DF vh_ 0.002 Beset Graph

o= Bt Ehanme] |
| Channel D1ata §a\re| Beadl | Logger Errar

Test1 ] Test 2 l HResults by Channel
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Channel

Hational Renewable Energy Laboratory S

Figure 14-2. BORCAL Channel Verification window

First select the number of RAPDAQ systems that are attached to the system. If the facility has a
dedicated RAPDAQ system for BORCAL-LW and BORCAL-SW, then they are tested
separately; therefore, enter ONLY the RAPDAQ for the particular dedicated system being tested.
Then enter the GPIB addresses for each device and the associated GPIB board numbers.
Typically for SW RAPDAQ systems, the default addresses are correct. For BORCAL-LW
dedicated systems, the user will need to change the default GPIB addresses appropriately.

After the RAPDAQ has been configured, click on /nit. If there are any errors, double check the
data logger configuration. After initialization is successful, click on Start Graph.

The following sequence describes the operator and assistant actions to conduct the system test:
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e Assistant: Place a shorting plug on the first position or location that is associated with the
RAPDAQ being tested. (The shorting plug should short the pins associated with the both
the voltage and resistance measurements if the position supports voltage and resistance
using the same connector [facility dependent]. Also, if the facility supports four-wire
resistance, a special shorting fixture may be required to properly short all four pins.)

e Operator: Based on the hardware infrastructure at the facility, the operator will look up
the voltage channel number associated with the position. Enter that channel number into
the Channel box, and view the real-time data on the upper plot (labeled Current
Channel), or view the current reading listed as Current Reading. (The scaling of the
upper plot may be maxed out if the channel was over-ranged, which can be caused by
reading a previous channel that was open or because the assistant did not have a short
plug properly connected. To reset the range (and plot), the operator must click on Reset
Graph. After 5-10 good data points appear on the upper plot, click on Plot Channel to
accept the data and plot the resulting average, minimum, and maximum to the appropriate
lower plot labeled Results by Channel. 1f bad data has been plotted, simply acquire new
data, and click on Plot Channel again to replace it.)

Depending on the facility infrastructure, a second test may be required on the same position that
is being shorted by the assistant. There are two typical possibilities (facility dependent): (1) that
position has a resistance channel assigned to it (a different channel) (Case A), or (2) that position
also supports resistance on the same channel (Case B).

For Case A, the operator will change the value in the field for Current Channel to the resistance
channel associated with the same position, and the upper plot will plot the resistance in ohms.
When sufficient data is obtained, plot the channel using the method described above.

For Case B, the operator will change the Test Type switch from Voltage to Resistance (the
channel remains the same). When sufficient data is obtained, plot the channel using the method
described above.

After all tests are complete for the first position, the operator will tell the assistant to move the
shorting plug to the next position, and the operator will repeat the measurements for this
position. This process continues for all positions.

When all positions have been checked, the operator will save the data to disk by clicking on
Save. The data should be stored in the appropriate subfolder with file name located in the
SystemCheck folder contained in the main BORCAL folder.

If the operator wants to, they can save data at any time, restart the software at a later time, and
reload previous data by clicking on Read and selecting the previous file that was saved to disk.
The results from the channel check (the saved data file) should be given to the BORCAL
technical manager so that data logger offsets (for all measurement types) can be computed. This
information is required for the BORCAL system configuration and is considered in the
uncertainty of the calibrations."*

" In a future release of RCC, the data logger offsets may be computed automatically.
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14.2 Configuring the Channel Check

For new facilities (or new data acquisition systems), the function(s) of each channel must be
assigned in a text file located in the BORCAL\CONFIG folder.

The operator must initially configure the file with information specific to the calibration site
according to the instructions below. The files are named:

e logger define.SW.txt

e Jogger define.LW.txt

There are two files: one for the SW data acquisition and one for the LW data acquisition. If the
facility shares the same data acquisition for BORCAL-SW and BORCAL-LW, then simply
create one file first AND copy and paste/rename it as the other file so that the file contents are
identical.

The first line defines the names of the two tests available at the facility. For example, for Case B
described above, the first line might read:
e Channel Voltage Resistance

For Case A, the first line might read (however, the source test type may never be used):

e Channel Source Short
On each line thereafter, you will list the following information for each channel in one line
(separated by tabs):

e Channel number

e Measurement type for the first test (VDC, RES, or RES4)

e Measurement range for the first test (in V for VDC and in kilo-ohms for RES or RES4).
For voltage, pick the lowest range supported by the data logger. For resistance, pick the
lowest range that will not over-range the data logger.

e Measurement type for the second test (VDC, RES, or RES4)

e Measurement range for the second test (in V for VDC and in kilo-ohms for RES or
RES4). For voltage, pick the lowest range supported by the data logger. For resistance,
pick the lowest range that will not over-range the data logger.
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The figure below shows a sample lookup configuration file for a facility that has infrastructure
that supports two measurement types (voltage and resistance) for each channel (Case B).

Channel Voltage Resistance

0 VDC 0.001 RES 0.01
1 VvDC 0.001 RES 0.01
2 VvDC 0.001 RES4 0.001
3 VDC 0.001 RES4 0.001
4 VDC 0.001 RES 0.01
5 VvDC 0.001 RES 0.01
6 VDC 0.001 RES4 0.001
7 VvDC 0.001 RES4 0.001
8 VDC 0.001 RES 0.01
9 VvDC 0.001 RES 0.01
10 VDC 0.001 RES4 0.001
11 VvDC 0.001 RES4 0.001
12 vDC 0.001 RES 0.01
13 VvDC 0.001 RES 0.01
14 VvDC 0.001 RES4 0.001
15 VvDC 0.001 RES4 0.001
16 vDC 0.001 RES 0.01
17 VDC 0.001 RES 0.01
18 VDC 0.001 RES4 0.001
19 VDC 0.001 RES4 0.001
20 VvDC 0.001 RES 0.01
21 vDC 0.001 RES 0.01
22 VvDC 0.001 RES4 0.001
23 VDC 0.001 RES4 0.001
24 VvDC 0.001 RES 0.01
25 vDC 0.001 RES 0.01
26 VDC 0.001 RES4 0.001
27 VvDC 0.001 RES4 0.001

Figure 14-3. Example channel check configuration file (Case B)
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The figure below shows a sample lookup configuration file for a facility that has infrastructure
that supports only one measurement type on each channel (voltage or resistance). In this case, the
user can assign an optional second test using a different range for a source test (Case A).

Channel Source Short

0 vVDC 0.01 vVDC 0.001
1 VDC 0.01 vVDC 0.001
2 vDC 0.01 vDC 0.001
3 vDC 0.01 vDC 0.001
4 VDC 0.01 vDC 0.001
5 VDC 0.01 vVDC 0.001
6 vDC 0.01 vDC 0.001
7 vVDC 0.01 vDC 0.001
8 vDC 0.01 vDC 0.001
9 VDC 0.01 VDC 0.001
10 VDC 0.01 vDC 0.001
11 VDC 0.01 vDC 0.001
12 VvDC 0.01 vDC 0.001
13 VDC 0.01 VDC 0.001
14 vDC 0.01 vDC 0.001
15 vDC 0.01 vDC 0.001
16 VvDC 0.01 vDC 0.001
17 VDC 0.01 VDC 0.001
18 vDC 0.01 vDC 0.001
19 VDC 0.01 vDC 0.001
20 vDC 0.01 vDC 0.001
21 VvDC 0.01 vDC 0.001
22 VDC 0.01 VDC 0.001
23 vDC 0.01 vDC 0.001
24 vDC 0.01 vDC 0.001
25 VvDC 0.01 vDC 0.001
26 VDC 0.01 VDC 0.001
27 vDC 0.01 vDC 0.001
28 vDC 0.01 vDC 0.001
29 VvDC 0.01 vDC 0.001
30 VDC 0.01 VDC 0.001
31 VDC 0.01 vDC 0.001
32 vDC 0.01 vDC 0.001
33 vVDC 0.01 vDC 0.001
34 VDC 0.01 VDC 0.001
35 vDC 0.01 vDC 0.001
36 vDC 0.01 vDC 0.001
37 VvDC 0.01 vDC 0.001
38 VDC 0.01 VDC 0.001
39 vDC 0.01 vDC 0.001
40 VDC 0.01 vDC 0.001
41 VvDC 0.01 vDC 0.001
42 RES 10 RES 0.01
43 RES 10 RES 0.01
44 RES 10 RES 0.01
45 VDC 0.01 vDC 0.001
46 VvDC 0.01 vDC 0.001
47 VDC 0.01 VDC 0.001
48 vDC 0.01 vDC 0.001
49 vVDC 0.01 vDC 0.001
50 vDC 0.01 vDC 0.001
51 VDC 0.01 VDC 0.001
52 VDC 0.01 vDC 0.001
53 vDC 0.01 vDC 0.001
54 RES 10 RES 0.01
55 RES 10 RES 0.01
56 RES 10 RES 0.01
57 vDC 0.01 vDC 0.001
58 vDC 0.01 vDC 0.001

Figure 14-4. Example channel check configuration file (Case A)
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15 RCC Help

Two items exist under the Help menu:

e RCC help: loads this document for viewing (if the system has Microsoft Word or other
compatible word processor installed)

e About RCC: a splash screen showing the program attribution and the RCC version
number.
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16 Error Messages

Most sections of RCC protect against incorrect inputs by posting warning messages that guide
the user to correct usage. However, some circumstances are either unanticipated or so rare that
they do not warrant extensive error correction. In these cases, an error message is posted
notifying the user that an error has occurred that could affect program operation. These messages
fall into one of three categories:

o Fatal error: The program has encountered an irrecoverable error condition. The error is
briefly described, and the user is cautioned to halt the program because it is likely that it
is no longer operating reliably. These errors can occur if the database is corrupt, and the
program cannot correct the problem without analysis from an experienced user.

o  Warning: The program has encountered a potential error condition. The error is briefly
described, and the user is urged to continue with caution because it is possible that the
program is no longer operating reliably. The user should watch for any unusual behavior.
These conditions can arise when data are incomplete but not corrupt or when other
unexpected events occur, such as an errant clock setting.

e Advisory: The program has encountered a possible error condition. The condition is
briefly described, and the user is asked to ensure that the condition is consistent with the
program’s use. Such an error could occur when information is unreliable, but it is likely
to capture the attention of the operator at the time it occurs.

When these errors occur and a cause or solution is not immediately obvious, the exact error
message along with the circumstances should be sent to the National Renewable Energy
Laboratory for analysis.
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17 BORCAL-SW Data File Formats

17.1 Test Instrument

Test instrument files hold the raw data and metadata for test instrument measurements during
data acquisition. These files also include ACR self-calibration measurements.

17.1.1 File Naming

Files reside in the folder for BORCAL\DATA SW\<borcal id>\DATAFILES, and they are
named according to the following convention:

Ggggsss.borcal id
Where

e (s aliteral

e gggis the group designator

e sss is the session number

e borcal idis the BORCAL identification number.

17.1.2 File Format
Table 17-1. BORCAL-SW G-File Metadata Header

Line Record Description

1 Group Scan group number

2 Session BORCAL and session

3 Location Calibration facility

4 Lat/Lon/Tzone/Elev/iTemp/Press Latitude, longitude (decimal degrees), time zone
(decimal hours from Greenwich, negative west of
Greenwich), elevation (meters), site average
temperature (°C), site average pressure (mBar)

5 DeltaT/Refract Delta T and refraction for solar position

6 Session Start Session start time as YYYYMMDD HH:MM:SS

7 Session End Session end time as YYYYMMDD HH:MM:SS

8 Record Count Count of data records

9 Scan Interval Period between scans (seconds)

10 Cal Type Calibration type (TOT = global; DIR = direct, DIF
= shaded diffuse)

11 Units Measurement units (V)

12 Tilt Zenith Tilt calibration specification for instrument tilt
(decimal degrees from zenith)

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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Line Record Description

14 Tilt Azimuth Tilt calibration specification for instrument azimuth
orientation (decimal degrees from north)

14 Logger Count Number of data loggers

15 Logger Unc 1 Uncertainty of voltage reading (% of reading)

16 Logger Unc 2 Uncertainty of voltage reading, offset (V)

17 Logger Unc 3 Uncertainty of voltage range (V)

18 Logger Unc 4 Uncertainty of 2-wire resistance reading (% of
reading)

19 Logger Unc 5 Uncertainty of 2-wire resistance reading, offset
(Q)

20 Logger Unc 6 Uncertainty of 2-wire resistance range (Q)

21 Logger Unc 7 Uncertainty of 4-wire resistance reading (% of
reading)

22 Logger Unc 8 Uncertainty of 4-wire resistance reading, offset
(Q)

23 Logger Unc 9 Uncertainty of 4-wire resistance range (Q)

The next line is repeated for each data logger in the logger count.

24** Lx Data Logger Data logger instrument identification number*

25** Zenith Unc Uncertainty of zenith angle calculation

26** Cavity Count Number of cavity radiometers

The next 29 lines (labeled Cx) are repeated for each cavity in the cavity count, with x replaced by

the cavity number (1 through count)

27** Cx CAV Cavity instrument identification number*
28** Cx CON Cavity control unit identification number*
29** Cx RI1 Cavity shunt resistance value (Q)

30** Cx CIR Cavity circuit resistance (Q)

31** Cx HTL Cavity heater lead resistance (Q)

32** Cx HTR Cavity heater resistance (Q)

33** Cx MCF Cavity manufacturer’s calibration factor
34 Cx WIN Window flag (0 = unwindowed; 1 = windowed)
35** Cx WRR Cavity WRR reduction factor

36** Cx UNC Uncertainty of the cavity WRR factor (%)
37 Cx OFF Not used

38** Cx DSN Cavity default sensitivity (mV/mW/cm?)
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Line Record Description

39** Cx NSN Cavity calculated (most recent) sensitivity
(mV/mW/cm?)

40** Cx TPZ (beg) Self-calibration TP zero (session start) (V)

41** Cx TPZ (end) Self-calibration TP zero (session end) (V)

42** Cx TPS (beg) Self-calibration TP solar (session start) (V)

43* Cx TPS (end) Self-calibration TP solar (session end) (V)

44 Cx TPE1 (beg) Self-calibration thermopile voltage (initial) due to
electrical power (session start) (V)

45** Cx TPE1 (end) Self-calibration thermopile voltage (initial) due to
electrical power (session end) (V)

46** Cx V1 (beg) Self-calibration heater voltage (session start) (V)

47> Cx V1 (end) Self-calibration heater voltage (session end) (V)

48** Cx VI1 (beg) Self-calibration voltage across shunt resistor
(session start) (V)

49** Cx VI1 (end) Self-calibration voltage across shunt resistor
(session end) (V)

50** Cx TPE2 (beg) Self-calibration thermopile voltage (final) due to
electrical power (session start) (V)

51** Cx TPE2 (end) Self-calibration thermopile voltage (final) due to
electrical power (session end) (V)

52** Cx MFAC (beg) Self-calibration M factor, W/m?/mV (session start)

53** Cx MFAC (end) Self-calibration M factor W/m*mV (session end)

54** Cx TEMP (beg) Self-calibration temperature (session start) (°C)

55 Cx TEMP (end) Self-calibration temperature (session end) (°C)

56** DIF Count Number of diffuse reference radiometers

The following six lines (labeled Dx) are repeated for each diffuse reference instrument in the DIF

count, with x replaced by the diffuse reference number (1 through count).

57 Dx ID Diffuse instrument identification number*

58** Dx RS Diffuse instrument responsivity

59** Dx UP Diffuse instrument uncertainty (% of reading)

60** Dx UO Diffuse instrument uncertainty (offset, W/mz)

61** Dx CASE Flag to include case thermistor reading (1 = yes;
0 = no)

62** Dx DOME Flag to include dome thermistor reading (1 = yes;
0 =no)

63** PYG Count Number of pyrgeometers (should always be 0 or
1)
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Line Record Description

The following nine lines (labeled Px) are repeated for each Pyrgeometer in the PYG count, with x
replaced by the pyrgeometer number (1 through count).

64** Px ID Pyrgeometer instrument identification number*

65** Px KO Pyrgeometer KO calibration coefficient

66** Px K1 Pyrgeometer K1 calibration coefficient

67 Px K2 Pyrgeometer K2 calibration coefficient

68** Px K3 Pyrgeometer K3 calibration coefficient

69** Px KR Pyrgeometer Kr calibration coefficient (receiver)

70** Px UNC Uncertainty of the pyrgeometer calibration (%)

71 Px CASE Flag to include case thermistor reading (1 = yes;
0 =no)

72** Px DOME Flag to include dome thermistor reading (1 = yes;
0 = no)

73** TST Count Count of test radiometers

The following six lines (labeled Tx) are repeated for each instrument in the TST count, with x
replaced by the instrument number (1 through count).

74** Tx ID Test instrument identification number*

75** Tx RSNET Instrument Rnet

76** Tx RSNDATE Date Rnet was determined

77 Tx UCRSNET Uncertainty of the instrument Rnet

78** Tx CASE Flag to include case thermistor reading (1 = yes;
0 = no)

79** Tx DOME (I—;Iag to) include dome thermistor reading (1 = yes;

=no

The remaining lines in the file are data records. They are described in the following table.

* All instrument identification numbers are a composite of serial number, manufacturer, and model.
" Line number will vary according to the number of data logger, reference cavity, diffuse, and pyrgeometer
instruments configured. The line numbers shown are valid when one of each instrument is configured.

Table 17-2. BORCAL-SW G-File Data Records

Position Field Description

1 Date Date of data acquisition (YYYYMMNN)

2 Time Time of data acquisition (HH:MM:SS), local standard time
3 Zenith Solar incident (zenith) angle (decimal degrees). Takes into

account instrument tilt

4 Azimuth Solar azimuth angle (decimal degrees). Does not take into
account instrument tilt
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Position Field Description

5 ASR ASR score (0 = blue; 1 = green; 2 = brown; 3 = red
The following three fields are repeated for each cavity radiometer configured.

6 Cavity Cavity number designated as Cx

7 Thermopile Cavity thermopile reading (V)

8 Flag Cavity data flag

The following three fields are repeated for each reference diffuse instrument configured.
9* Diffuse Diffuse number designated as Dx

10* Thermopile Diffuse thermopile reading (V)

11* Flag Diffuse data flag

The following seven fields are repeated for each pyrgeometer instrument configured.
12* Pyrgeometer Pyrgeometer number designated as Px

13* Thermopile Pyrgeometer thermopile reading (V)

14> Flag Pyrgeometer thermopile data flag

15* Case Case thermistor reading (Q)

16* Flag Pyrgeometer case data flag

17* Dome Dome thermistor reading (Q)

18* Flag Pyrgeometer dome data flag

The following seven fields are repeated for each test instrument included in the scan group. (The
case and dome thermistor data and flag fields are included only if the corresponding CASE or
DOME flags are set (1) in the instrument’s definition in the header.)

19* Test instrument Test instrument number as designated as Tx in metadata header

20" Thermopile Test instrument thermopile reading (V)

21* Flag Test instrument data flag (see Table 17-13: BORCAL-SW Data
Flag Definitions below)

22* Case Case thermistor reading

23* Flag Case thermistor data flag

24* Dome Dome thermistor reading

25*% Flag Dome thermistor data flag

* Field number will vary according to the number of reference cavity, diffuse, and pyrgeometer instruments
configured as well as the case and dome configuration of the test instruments. The numbers shown are valid for
when one ACR, diffuse, and pyrgeometer are configured and the test instrument has both dome and case flags set in
the instrument definition.
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17.2 Meteorological

Meteorological instrument files hold the raw data and metadata for metrological instrument
measurements during data acquisition.

17.2.1 File Naming

Files reside in the folder for BORCAL\DATA SW\<borcal id>\DATAFILES, and they are
named according to the following convention:

METsss.borcal id
Where

e sss is the session number

e borcal idis the BORCAL identification number.

17.2.2 File Format
Table 17-3. BORCAL-SW MET-File Metadata Header

Line Record Description

1 Met Header Meteorological data file designator

2 Session BORCAL and session

3 Location Calibration facility

4 Lat/Lon/Tzone Latitude, longitude (decimal degrees), time zone (decimal hours from
Greenwich, negative west of Greenwich)

6 Session Start Session start time as YYYYMMDD HH:MM:SS

7 Session End Session end time as YYYYMMDD HH:MM:SS

8 Record Count Count of data records

9 Scan Interval Period between scans (seconds)

10 MET Count Count of meteorological instruments (always 3)

11 DIR Cavity identification(s)* of direct normal measurements

12 M1 Description of temperature sensor (instrument identification number,
scale slope, and offset)

13 M2 Description of humidity sensor (instrument identification number,
scale slope and offset)

14 M3 Description of barometric pressure sensor (instrument identification
number, scale slope, and offset)

The remaining lines in the file are data records. They are described in the following table.

* All instrument identification numbers are a composite of serial number, manufacturer, and model.
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Table 17-4. BORCAL-SW MET-File Data Records

Position Field Description

1 Date Date of data acquisition (YYYYMMNN)

2 Time Time of data acquisition (HH:MM:SS), local standard time

3 DIR Direct normal measurement label

4 Direct Normal Direct normal measurement (W/m?)

5 Flag Cavity data flag (see Table 17-13: BORCAL-SW Data Flag
Definitions below)

6 M1 Temperature measurement label

7 Temperature Temperature reading (°C)

8 Flag Temperature data flag (see Table 17-13: BORCAL-SW Data Flag
Definitions below)

9 M2 Humidity measurement label

10 Temperature Humidity reading (%)

11 Flag Humidity data flag (see Table 17-13: BORCAL-SW Data Flag
Definitions below)

12 M3 Barometric pressure measurement label

13 Pressure Barometric pressure reading (mbarr)

14 Flag Barometric pressure data flag (see Table 17-13: BORCAL-SW
Data Flag Definitions below)

15 AOD AOD measurement label

16 Optical Depth Estimated broadband AOD (unitless)

17 Flag Estimated broadband aerosol optical data flag (see Table 17-13:
BORCAL-SW Data Flag Definitions below)

17.3 ASR

ASR files hold the raw data and metadata for the ASR measurements during data acquisition.

17.3.1 File Naming

Files reside in the folder for BORCAL\DATA SW\<borcal id>\DATAFILES, and they are
named according to the following convention:

ASRsss.borcal id
Where

e sss is the session number

e borcal idis the BORCAL identification number.
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17.3.2 File Format

Table 17-5. BORCAL-SW ASR-File Metadata Header

Line Record Description

1 ASR Header ASR data file designator

2 Session BORCAL and session

3 Location Calibration facility

4 Lat/Lon/Tzone Latitude, longitude (decimal degrees), time zone (decimal hours from
Greenwich, negative west of Greenwich)

6 Session Start Session start time as YYYYMMDD HH:MM:SS

7 Session End Session end time as YYYYMMDD HH:MM:SS

8 Record Count Count of data records

9 Scan Interval Period between scans (seconds)

10 ASR Count Count of ASR instruments

11* ASRx Identification number of ASR radiometer(s)

12* Label “temporary cavity stability file”

The remaining lines in the file are data records. They are described in the following table.

* Field number will vary according to the number of instruments configured. The numbers shown are valid for when
one ASR instrument is configured. (There should always be more.)
Table 17-6. BORCAL-SW ASR-File Data Records

Position Field

Description

1 Date Date of data acquisition (YYYYMMNN)

2 Time Time of data acquisition (HH:MM:SS), local standard time

3 Zenith Solar incident (zenith) angle (decimal degrees). Takes into
account instrument tilt

4 Azimuth Solar azimuth angle (decimal degrees). Does not take into
account instrument tilt

5 ASR ASR score (0 = blue; 1 =green; 2 =brown; 3 =red 4 =
uninitialized

6* AX ASRx measurement label

7 Measurement Instrument reading for ASRx (W/m?

8* Flag Measurement flag for ASRx (see Table 17-13: BORCAL-SW Data
Flag Definitions below)

* Field number will vary according to the number of instruments configured. The numbers shown are valid for when
one ASR instrument is configured. (There should always be more.)
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17.4 Thermistor

Thermistor files hold the raw data and metadata for the instrument case thermistor measurements
during data acquisition (when such instruments are configured).'

17.4.1 File Naming

Files reside in the folder for BORCAL\DATA SW\<borcal id>\DATAFILES, and they are
named according to the following convention:

THMsss.borcal id
Where

e sss 1S the session number
e borcal idis the BORCAL identification number.

17.4.2 File Format
Table 17-7. BORCAL-SW THM-File Metadata Header

Line | Record Description
1 Thermistor Thermistor data file designator
Header

2 Session BORCAL and session

3 Location Calibration facility

4 Lat/Lon/Tzone Latitude, longitude (decimal degrees), time zone (decimal hours from
Greenwich, negative west of Greenwich)

5 Session Start Session start time as YYYYMMDD HH:MM:SS

6 Session End Session end time as YYYYMMDD HH:MM:SS

7 Record Count Count of data records

8 Scan Interval Period between scans (seconds)

9 THM Count Count of thermistor configured instruments

10 IDs Identification number of each configured instrument and designated
label for data records

The remaining lines in the file are data records. They are described in the following table.

1> As of Version 2.00, thermistor files are not created by the system. Instead, the thermistor data are logged with the
instrument fields in the group files. (See the test instrument group file format above.) The information below is
retained for historical documentation.
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Table 17-8. BORCAL-SW THM-File Data Records

Table Field Description
1 Date Date of data acquisition (YYYYMMNN)
2 Time Time of data acquisition (HH:MM:SS), local standard time

The following three fields are repeated for all instruments designated in metadata line 10.

Tx Instrument designator label

Value Thermistor reading (Q)

Flag Measurement flag for instrument (see Table 17-13: BORCAL-SW
Data Flag Definitions below)

17.5 CALDAT for BORCAL-SW
CALDAT files hold the graphing data and uncertainty documentation for each test instrument.

17.5.1 File Naming
Files reside in the folder for BORCAL\DATA_ SW\<borcal id>\DATAFILES \Caldat, and they

are named according to the following convention:
e Instrument id.DAT (graphing data)
e Instrument id. TXT (uncertainty data)
e REF HORZ.TXT (reference data)
e MET.TXT (meteorological data).
Where Instrument id is the RCC instrument identification number.

17.5.2 File Format: Instrument_id.DAT

These files have no metadata or header information. Each line of the file holds a data record, as
defined in the following table.

Table 17-9. BORCAL-SW Instrument_id.DAT Data Records

Position Field Description

1 Date Date of data acquisition (YYYYMMNN)

2 Time Time of data acquisition (decimal hours, local standard time)

3 Zenith Solar incident (zenith) angle (decimal degrees). Takes into
account instrument tilt

4 Azimuth Solar azimuth angle (decimal degrees). Does not take into
account instrument tilt

5 Value Instrument responsivity, uV/W/m? (Rnet = 0)

6 Value Instrument ENICR (If missing or instrument is uncorrected, value
is —9900.0)
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17.5.3 File Format: Instrument_id. TXT

Each line of the file holds a data record, as defined in the following table. A header line describes
each field. A record exists for each bin with a valid uncertainty.

Table 17-10. BORCAL-SW Instrument_id.TXT Data Records

Column Field Description

1 Bin a.m. and p.m. 2-degree and 45-degree (always at end) bin
numbers

2 Volt Percent contribution of voltage measurement to total uncertainty
for the bin

3 Dir Percent contribution of Dir measurement to total uncertainty for
the bin

4 Rnet Percent contribution of Rnet calibration to total uncertainty for the
bin

5 Whnet Percent contribution of Wnet measurement to total uncertainty for
the bin

6 Zen Percent contribution of Zenith calculation to total uncertainty for
the bin

7 Dif Percent contribution of Diffuse measurement to total uncertainty
for the bin

17.5.4 File Format: REF_HORZ.TXT

These files have no metadata or header information. Each line of the file holds a data record, as
defined in the following table.

Table 17-11. BORCAL-SW REF_HORZ.TXT Data Records

Position Description

1 Date Date of data acquisition (YYYYMMNN)

2 Time Time of data acquisition (decimal hours, local standard time)

3 Zenith Solar incident (zenith) angle (decimal degrees). Takes into
account instrument tilt

4 Azimuth Solar azimuth angle (decimal degrees). Does not take into
account instrument tilt

5 Ref. Global Reference global horizontal irradiance (W/m?)

6 Ref. Direct Reference direct normal irradiance (W/mz)

7 Ref. Diffuse Reference diffuse horizontal irradiance (W/m?)
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17.5.5 File Format: MET.TXT

These files have no metadata or header information. Each line of the file holds a data record, as
defined in the following table.

Table 17-12. BORCAL-SW MET.TXT Data Records

Position Field Description

1 Date Date of data acquisition (YYYYMMNN)

2 Time Time of data acquisition (decimal hours, local standard time)
5 Temp Air temperature (°C)

6 RH Relative humidity (%)

7 Pressure Station pressure (mbar)

8 AOD Estimated broadband aerosol optical depth

17.6 Data Flag Definitions (BORCAL-SW Only)

The values that appear in the data flag field indicate an error condition status during data
acquisition. The values and their descriptions are listed in the table below.

Table 17-13. BORCAL-SW Data Flag Definitions

Flag Description

0 No errors detected

—_

Delta between adjacent readings exceeded the threshold

Ratio between reference and control instruments exceeded threshold

(Reserved)

Ratio between multiple reference instruments exceeded threshold

(Reserved)

(Reserved)

(Reserved)

Data acquisition error

OJloN]Jojo]|lb]lw]DdN

Data missing

In some cases when more than one error condition may have been detected, only one flag will be
reported. The precedence for reporting from among multiple flags is not defined.
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18 BORCAL-LW Data File Formats

18.1 Test Instrument

Test instrument files hold the raw data and metadata for test instrument measurements during

data acquisition.

18.1.1 File Naming

Files reside in the folder for BORCAL\DATA LW\<borcal id>\DATAFILES, and they are

named according to the following convention:

PYGsss.borcal id
Where

e PYGis a literal

e sss is the session number

e borcal idis the BORCAL identification number.

18.1.2 File Format

Table 18-1. BORCAL-LW PYG-file Metadata Header

Line Record

Description

1 Pyrgeometer Header Pyrgeometer data file designator

2 Session BORCAL and session

3 Location Calibration facility

4 Lat/Lon/Tzone/Elev/Temp/Press Latitude, longitude (decimal degrees), time zone

(decimal hours from Greenwich, negative west of
Greenwich), elevation (meters), site average
temperature (°C), site average pressure (mBar)

5 DeltaT/Refract Delta T and refraction for solar position

6 Session Start Session start time as YYYYMMDD HH:MM:SS
7 Session End Session end time as YYYYMMDD HH:MM:SS
8 Record Count Count of data records

9 Scan Interval Period between scans (seconds)

10 Cal Type Calibration Type (PYG = pyrgeometer)

11 Units Measurement units (V and °C)

12 MET Count Count of meteorological instruments (count is 1,

2, or 3), type is temperature (required), relative
humidity, or pressure

The following line is repeated for each meteorological instrument in the MET count, with x
replaced by the instrument number (1 through count)
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Line Record Description

13* Mx Description of meteorological sensor (instrument
identification number, scale slope, and offset)

14** PYG Count Number of reference pyrgeometers

The following 15 lines (labeled Px) are repeated for each Pyrgeometer in the PYG count, with x
replaced by the pyrgeometer number (1 through count)

15** Px ID Pyrgeometer instrument identification number*

16** Px KO Pyrgeometer KO calibration coefficient

17 Px K1 Pyrgeometer K1 calibration coefficient

18** Px K2 Pyrgeometer K2 calibration coefficient

19** Px K3 Pyrgeometer K3 calibration coefficient

20** Px KR Pyrgeometer Kr calibration coefficient (receiver)

21** Px UNC Uncertainty of the pyrgeometer calibration (%)

22** Px CASE Flag to include case thermistor reading (1 = yes;
0 =no)

23** Px DOME Flag to include dome thermistor reading (1 = yes;
0 =no)

24** Px URDVDC Uncertainty of voltage reading (% of reading)

25** Px UOFVDC Uncertainty of voltage reading, offset (V)

26** Px URGVDC Uncertainty of voltage range (V)

27** Px URDRES Uncertainty of resistance reading (% of reading)

28** Px UOFRES Uncertainty of resistance reading, offset (Q)

29** Px URGRES Uncertainty of resistance range (Q)

30** TST Count Count of test radiometers

The following 10 lines (labeled Tx) are repeated for each instrument in TST Count, with x
replaced by the instrument number (1 through count)

31** Tx ID Test instrument identification number*

32** Tx KR Pyrgeometer Kr calibration coefficient

33** Tx CASE Flag to include case thermistor reading (1 = yes;
0 = no)

34 Tx DOME Flag to include dome thermistor reading (1 = yes;
0 =no)

35** Tx URDVDC Uncertainty of voltage reading (% of reading)

36 Tx UOFVDC Uncertainty of voltage reading, offset (V)

37 Tx URGVDC Uncertainty of voltage range (V)

38** Tx URDRES Uncertainty of resistance reading (% of reading)
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Line Record Description

39** Tx UOFRES Uncertainty of resistance reading, offset (Q)

40 Tx URGRES Uncertainty of resistance range (Q)

The remaining lines in the file are data records. They are described in the following table.

* All instrument identification numbers are a composite of serial number, manufacturer, and model.
** Line number will vary according to the number of reference pyrgeometer instruments configured. The line
numbers shown are valid when one of each instrument is configured.
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Table 18-2. BORCAL-LW PYG-file Data Records

Position Field Description
1 Date Date of data acquisition (YYYYMMNN)
2 Time Time of data acquisition (HH:MM:SS.SSS), local standard time

with decimal seconds

3 Zenith Solar incident (zenith) angle (decimal degrees). Takes into
account instrument tilt

4 Azimuth Solar azimuth angle (decimal degrees). Does not take into
account instrument tilt

The following two fields are repeated for each meteorological instrument configured.

5* Met Sensor Meteorological sensor number designated as Mx
6* Met Reading Temperature, relative humidity, or pressure reading (°C, %, or
mbarr)

The following four fields are repeated for each pyrgeometer instrument configured. (The case and
dome thermistor data fields are included only if the corresponding CASE or DOME flags are set
(1) in the instrument’s definition in the header.)

7 Pyrgeometer Pyrgeometer number designated as Px
8* Thermopile Pyrgeometer thermopile reading (V)

9* Case Case temperature reading (°C)

10* Dome Dome temperature reading (°C)

The following four fields are repeated for each test instrument configured. (The case and dome
thermistor data fields are included only if the corresponding CASE or DOME flags are set (1) in
the instrument’s definition in the header.)

11* Test instrument Test instrument number as designated as Tx in metadata header
12* Thermopile Test instrument thermopile reading (V)

13* Case Case temperature reading (°C)

14* Dome Dome temperature reading (°C)

* Field number will vary according to the number of meteorological sensors, reference pyrgeometers and test
instruments configured as well as the case and dome configuration of instruments. The numbers shown are valid
when one meteorological sensor and one reference pyrgeometer (with both case and dome) are configured and the
test instrument has both dome and case flags set in the instrument definition.

18.2 CALDAT (for BORCAL-LW)

CALDAT files hold the graphing data, residual data, and preliminary residual plots and for each
test instrument.
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18.2.1 File Naming
Files reside in the folder for BORCAL\DATA LW\<borcal id>\DATAFILES \Caldat, and they

are named according to the following convention:
e Instrument id.DAT (graphing data)
e Instrument id KO non0.TXT (KO set to non-zero residual data)
e Instrument id KO zer0.TXT (KO set to zero residual data)
e Instrument id KO zer0.PNG (KO set to zero preliminary residual plot)
e REF HORZ.TXT (reference data)
e MET.TXT (meteorological data).
Where Instrument id is the RCC instrument identification number.

18.2.2 File Format: Instrument_id.DAT

These files have no metadata or header information. Each line of the file holds a data record, as
defined in the following table.

Table 18-3. BORCAL-LW Instrument_id.DAT Data Records

Position Field Description

1 Date Date of data acquisition (YYYYMMNN)

2 Time Time of data acquisition (decimal hours, local standard time)

3 Zenith Solar incident (zenith) angle (decimal degrees). Takes into
account instrument tilt

4 Azimuth Solar azimuth angle (decimal degrees). Does not take into
account instrument tilt

5 Wref Reference Incoming LW irradiance (W/m?)

6 Vip Test instrument thermopile voltage (uV)

7 Wr Test instrument Wr = Sigma*ReceiverTemp4

8 Wd-Wr Test instrument Wd-Wr = Sigma*DomeTemp4 —Wr

18.2.3 File Format: Instrument_id KO_zer0.TXT and Instrument_id KO_non0.TXT

These files have no metadata or header information. Each line of the file holds a data record, as
defined in the following table. One file is for the KO set to non-zero, and one is for the KO set to
Zero.
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Table 18-4. BORCAL-LW Instrument_id KO_xxx0.txt Data Records

Column Field Description
1 Vtp Test instrument thermopile voltage (uV)
2 Residual Irradiance residual, reference — test (W/mz). Test irradiance is

calculated using previous BORCAL coefficients or manufacture’s
single responsivity.

18.2.4 File Format: Instrument_id KO_zer0.PNG

These are preliminary residual plots that are automatically generated by the system at the end of
a BORCAL-LW session (just before sunrise, depending on zenith angle that is in the system
configuration). This file can also be generated manually by selecting the “Preliminary” option
when generating BORCAL-LW responsivities. These files are used by the BORCAL manager to
make a judgment about whether the BORCAL-LW is complete. All data is included for the
preliminary plots (except when references disagree). '

These files are simply plots of the data contained in the Instrument.id KO zer0.TXT file.
Irradiances for the test are calculated using the previous calibration coefficients (or
manufacture’s single responsivity if there are no previous BORCAL results), as shown below.
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Figure 18-1. Sample BORCAL-LW residual plot

A completed BORCAL would be a complete scatter plot of points that goes from near zero to
near the maximum output of the thermopile with no large gaps between.

'® When final responsivities are generated, these files are also generated; however, data is filtered using the same
approach as final coefficient generation.
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18.2.5 File Format: REF_HORZ.TXT

These files have no metadata or header information. Each line of the file holds a data record, as
defined in the following table.

Table 18-5. BORCAL-LW REF_HORZ.TXT Data Records

Position Field Description

1 Date Date of data acquisition (YYYYMMNN)

2 Time Time of data acquisition (decimal hours, local standard time)
3 Zenith Solar incident (zenith) angle (decimal degrees). Takes into

account instrument tilt

4 Azimuth Solar azimuth angle (decimal degrees). Does not take into
account instrument tilt

5 Irradiance Reference Incoming LW Irradiance (W/m?)

18.2.6 File Format: MET.TXT

These files have no metadata or header information. Each line of the file holds a data record, as
defined in the following table.

Table 18-6. BORCAL-LW MET.TXT Data Records

Position Field Description

1 Date Date of data acquisition (YYYYMMNN)

2 Time Time of data acquisition (decimal hours, local standard time)
3 Temp Air temperature (°C)

4 RH Relative humidity (%)

5 Pressure Station pressure (mbarr)

6 PWV Estimated precipitable water vapor (mm)
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19 Directory Structure

BORCAL Root

L Backups

— Config

— Data_ SW

| [BORCAL-ID]

—— Alarms
— Data Files
— Export
— Logs
—— Nightdata
— PDF

— Data LW

|__ [BORCAL-ID]

—— Alarms
— Data Files
— Export
— Logs
—— Nightdata
— PDF

—— DB

— Layout

— PGM

— SystemCheck

— UTILS

— IMPORT

Backup files from database editing

Location lookup files; site & ISO logo files; system
check define

Data files specific to each SW BORCAL

One directory for each BORCAL event

Alarm files

Scan group, Met, ASR, Thermistor files

L Caldat CALDAT files

User exports

Operator logs

Data files created by nighttime mode (obsolete)
Default location for printing document to PDF
Data files specific to each LW BORCAL

One directory for each BORCAL event

Alarm files

PYG data files

Caldat CALDAT files

User exports

Operator logs (not used)

Data files created by nighttime mode (not used)
Default location for printing documents to PDF

Access database

User configurable layout files (SW only)

RCC program files

Location for saving annual FCO data

RCC utility programs (optional site dependent
batch files for backups, DAQ power on,
preliminary plot transfer, etc.)

Location for optional Rnet import files (SW only)
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