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1.0 INTRODUCTION

1.1 MANUAL PURPOSE

This manual is intended for both technical and non-technical people
who want to use the PCDAS remote network control and data acquisition
software. If you are unfamiliar with remote data collection hardware
systems designed at Pacific Northwest Laboratory (PNL), this
introduction should answer your basic questions.

Even if you have some experience with the PNL-designed Field Data
Acquisition Systems (FDAS), it would be wise to review this material
before attempting to set up a network. This manual was written based

on the assumption that you have a rudimentary understanding of personal
computer (PCE operations using Disk Operating System (D0OS) version

2.0 or greater (IBM 1984). You should know how to create subdirectories
and get around the subdirectory tree.

1.2 READING HINTS

If you are interested in the day-to-day operations of PCDAS, read
Sections 2 through 5. These sections cover the information you will
need in order to set up a remote network and collect data. Section 5
also includes information on conversion of data to ASCII files with
engineering units. Section 6 is a technical description of each of
the functional areas of PCDAS.

A listing of the message data base and associated explanations are
included in Appendix A. Appendices B through G are included to help
you set up and manage a remote collection network.

Version 2.2 of the PCDAS software is designed to work with all versions

of the FDAS firmware. See Appendix D for a summary of the FDAS single-
character commands for PCD_ processor types.

1.3 WHAT IS REMOTE_DATA COLLECTION ANO NETWORK CONTROL?

Recent advances in microcomputer technology have precipitated many
advances in automated data collection., At PNL, a remote data logging
microcomputer, called a Field Data Acquisition System (FDAS), has
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1.4

Sensors

been designed. This unit provides relatively inexpensive remote data
collection in numerous applications. The PCDAS software package was
designed to aid in the automatic collection of data from a network of

FDAS units., PCDAS also provides utilities for network control and
data management.

Most remote collection networks can be divided into simple functional
areas. A block diagram of a typical network is shown in Figure 1.

The FDAS conditions the signals from the sensors and records the data
in temporary storage. Each field unit has a dedicated or shared phone
Tine for communications. Note that the information flow arrows in

Figure 1 point in both directions, indicating both the data collection
and FDAS control paths.

The data collection computer initiates phone calls and collects data
from all of the remote units in the network. If PCDAS is used on a
very large network of FDAS units {e.g., greater than 2000 measurement
points}, the data can be converted and transmitted to a larger mainframe
or mini-computer for archiving and analysis.

The two areas enclosed in dashed lines are explained in greater detail
in the next two subsections.

WHAT IS THE FIELD DATA ACQUISITION SYSTEM (FDAS)?

The FDAS (or data logger) is a micro-computer that collects data from
a variety of sensors. This unit was designed at PNL to be used in
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FIGURE 1. Typical Remote Data Collection Network
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Sensors

large electrical end-use studies. The FDAS can be configured to measure
signals from many types of sensors. Figure 2 is a simple block diagram
of this system.

What follows is a description of the FDAS operations. It is important
for you to understand how the FDAS works if you want to use the data
in any study. The FDAS operations are largely transparent to the
PCDAS users, so the remainder of this section is optional reading.

The FDAS has both analog and digital inputs. Signals from analog
sensors are conditioned into 0- to 5-volt dc signals and fed to the
analog-to-digital converters. These devices change the signal (0 to

5 vdc? to a binary number (0 to 255 counts). The processor then scans
these numbers and stores them in a temporary location. At the end of

a particular time interval called the integration period, the processor

Sensors
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Electrical Service

FIGURE 2. Field Data Acquisition System
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writes a number to permanent memory for each active channel. This
number represents the sum of all of the previous scans during that
interval. The data acquisition system collects this number from each
of the active channels in the remote FDAS.

The control parameters include the integration period and the list of
active channels. The version 2.0 (16-kbyte FDAS) has 112 possible
channels: 64 are analog inputs and 48 are digital input/output
channels. In most installations, many of the channels will not be
used. The control parameters are used to tell the processor to skip
unused channels during a scan.

Digital channels are scanned like the analog channeis. In this case,
5-vdc pulses during the integration period cause the number in
temporary storage to be incremented by 1. At the end of the
integration period, a number representing the total number of pulses
during that period is written to data storage. Appendix C contains a
more detailed discussion of FDAS data reduction and storage.

Data in the FDAS is stored in records, Each record contains the
analog and digital readings taken during an interval. In addition,
the records contain the time stamp of the end of the interval.
Approximately 16 thousand bytes of data can be stored in the FDAS
before the oldest data is overwritten. Both the integration period
and the number of bytes per record {(record length) determine the
interval at which data must be collected from the FDAS. Appendix 8
contains sample polling interval and network data flow calculations.

It is important for you to understand the basic FDAS operations in
order to set up your own remote collection network. This manual does
not attempt to provide the information necessary for the installation
of a remote FDAS. Rather, it explains the steps necessary to set up
the data collection system after the remote units are installed and
the installation documents have been written.

Additional information on the FDAS unit hardware and firmware is
available (Tomich and Schuster 1985). Information on FDAS metering
applications and installation, is availablie through the Energy
Sciences Department of the Applied Physics Center at the Pacific
Northwest Laboratories.

1.5 HOW DOES THE DATA ACQUISITION SYSTEM (PCDAS) WORK?

This section provides an overview of the major functional areas of
PCDAS, Details will be covered in later sections of this users
manual.

Figure 3 is a block diagram that shows the details of the data
collection function left blank in Figure 1. Data is represented by
six-sided figures, and programs are in rectangles.
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Data Collection Function
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FIGURE 3. PCDAS Data Collection Function

The collection system works as follows:

First, a set of utility programs is used to encode the
measurement plans for a particular remote site. This encoding
includes entering information used to control data collection
and conversion of the data to engineering units.

Next, the collection routine automatically schedules collection
events, calls individual remote units, and archives the data
in a binary file structure on the PC.

If the data is to reside on some other computer, the conversion
routine is used. This routine accesses the conversion
information (entered earlier) and the binary data files to
create larger ASCII files with engineering units. These files
can then be transferred to a different computer using a
commercially available data transmission package. Because the
engineering data files are much larger than their binary
counterparts, it may be important to have high-speed
communications with the mainframe or mini-computer. All of
the functional areas shown in Figure 3 will be explained in
much greater detail in later sections.

PCDAS has a number of features that are designed to help you operate
remote data collection networks. A few of the more important features

dare:
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1. A1l FDAS clocks are synchronized to within 60 seconds of the
data collection computer's clock. Data collection is
synchronized on the end of each interval.

2. Extensive FDAS diagnostics are performed during each polling
event to ensure constant operating parameters,

3. Scheduling phone calls, communications, and data archiving are
performed automaticaltly.

4. PCDAS has both manual and automatic operating modes.

5. The binary data archive format is compact.

6. The utilities for converting and using the data are simple.
The PCDAS system has many automatic features that help you manage a
collection network. Regardless of the data collection automation,
you still control the essential network parameters. You must verify
the accuracy of the site-specific data base, and must also back up

all critical operating files. Section 4 contains more information on
data collection operations.

1.6 USER SUPPORT

Software enhancements and user support are available through the
Building Sciences Section of the Applied Physics Center at the
Pacific Northwest Laboratory. Support can be provided on a time-
available basis for simple changes and on a contract basis for larger
modifications. Please direct your comments and inguiries to:

Building Sciences Section
Applied Physics Center
Pacific Northwest Laboratory
P.0. Box 999

Richland, Washington 99352
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2.0 GETTING STARTED

2.1 BACKING UP THE SYSTEM DISK - MEDIA PROTECTION

The PCDAS master disk is write-protected, but the programs are not
copy protected. It is a good idea to make a backup copy of the
master system disk. Feel free to make as many copies as you need.
The standard installation procedures will automatically make one copy
of the master disk to be used in operating the system. If you are
going to use the standard PCDAS configurations, you can skip to
Section 2.2. '

The nonstandard installation procedure does not create a working copy
of the system. On a floppy drive system you may copy the master disk
by placing it in drive A, inserting a blank, formatted disk into
drive B, and typing the command

COPY A:*.* B:*.*
To copy the master disk on a hard drive system, you first need to
create a subdirectory on your hard disk (drive C, for exampie).
Place the PCDAS disk in drive A; then execute the command

COPY A:*.* C:\subdirectory path\*.*

Store the original PCDAS disk in a safe place in case your working
copy gets damaged.

For directions on how to format a new diskette or create a
subdirectory, please refer to the DOS user's manual (IBM 1984).

2.2 HARDWARE AND SOFTWARE REQUIREMENTS

PCDAS is designed to run on IBM PC/XT/AT or compatible computers., Disk
Operating System (DOS) version 2.0 or higher is required to support the
subdirectory data structures of PCDAS.

This software package is disk access intensive. It relies heavily on
disk space for filing messages to the operator, storing site-specific
information, and for archiving data from the remote loggers. For this
reason, it is important to have disk drives in good working order.

If the PCDAS software is to be run on a floppy disk drive system, it is
necessary to have two disk drives: one for storing program files,
operator message files, and site-specific data files; and the other

2.1



for archiving the data from the loggers. In a hard disk system, a
directory structure provides separate locations for the different types
of data and programs.

The computer that you are using must also be equipped with a Hayes
command compatibie modem on a serial port (COM1 or COM2). The PCDAS
programs use the DTR line on your modem. This line should NOT be
permanently enabled with a- jumper or switch, Refer to your modem
users manual for information on how to configure the DTR line. If
you are using a Hayes 1200-baud smartmodem, the switch configuration
should be

Switch 1 2 3 4 5 6 7 8
Config., UP UP DN UP DN UP UP DN

In addition to the AT command set, your modem must also impiement the
following control register:

S7 Seconds to wait for carrier.

Your computer should also have a minimum of 256 Kb of memory and a
1ine printer. Currently, four printers are supported:

Epson

HP thinkjet

Prism

Talaris T810 laser.

File redirection of all output is available if you do not have one of
the printers listed. The files created by the redirection are all
80-column standard ASCII files.

In addition to the hardware described above, you will need a copy of
the BASRUN20.EXE library of subroutines that comes with the IBM
BASICA compiler Version 2.0 (IBM 1985). This compiler package
contains all of the necessary tools for you to modify the PCDAS
software, and is required for running the programs.

A copy of the BASRUNZ20.EXE file should be copied from your compiler
disk to the PCDAS system directory. This directory will be \PCDAS
for hard disk-based PC systems and A: for floppy-based systems.

If you want to do data analysis on the PC, or if you want to transfer

the data to a mainframe, you will need other commercially available
software.

2.3 STANDARD PCDAS INSTALLATION

The "generic method" is the easiest manner in which to install PCDAS
on your system. To install PCDAS on either a floppy or hard disk
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computer system, you have to know which communications port the modem
is on and the type of printer that you are using. Procedures for a
nonstandard installation are given in Sections 2.4 and 2.5.

2.3.1 Floppy Disk Drive System

The following steps outline the procedure for installing PCDAS on a
floppy drive system:

1. Format a new floppy disk by placing the DOS disk in drive A
and a new disk in drive B. Type the command

FORMAT B:/S

This command will format the disk in the B drive and copy the
operating system onto it.

2. Remove the DQS disk from drive A and insert the PCDAS master
disk.

3. To begin installation, type the command
FLOPINST

This will bring up a screen of information; the system will
wait for verification before proceeding with the installation.
To proceed, you need only hit a key. To stop the installation
from proceeding, you may type a CNTL-C.

The FLOPINST procedure will create all the necessary
subdirectories on drive B and copy all of the needed files
from the master disk.

4. When you are prompted for the communications port, type in the
appropriate number,

5. Select the appropriate printer type when prompted.

6. To copy BASRUN20.EXE onto the working copy disk, place the IBM
BASICA Version 2.0 compiler disk in drive A and the PCDAS working
disk in drive B. Then execute the command

COPY A:BASRUNZ0.EXE B:*.*

You will not be able to operate the system without the
BASRUNZ20.EXE file on the system disk. Once the BASRUN20.EXE
file is copied to your working PCDAS disk, you will be ready
to operate the system. Read Section 2.4.1 for information on
the directory structure that FLOPINST created. You can ignore
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the "make directory” and "copy" instructions in Section 2.4.1.
Section 3 covers FDAS control and communications.

2.3.2 Hard Disk Drive System

The following steps outline the procedure for installing PCDAS on a
hard drive system:

1. Insert the PCDAS master disk in drive A.
2. To begin installation, type the command
HARDINST

This will bring up a screen of information; the system will
wait for verification before proceeding with the installation.
To proceed, you need only hit a key. To stop the installation
from proceeding, you may type a CNTL-C.

The HARDINST procedure will create all the necessary

subdirectories on your hard disk and copy all of the needed
files from the master disk.

3. When you are prompted for the communications port, type in the
appropriate number.

4. Select the appropriate printer type when prompted.

5. There are two ways of copying the BASRUN20.EXE file into the
PCDAS subdirectory, depending on where the file is located:

* BASICA compiler residing on floppy disk

Place the IBM BASICA Version 2.0 compiler disk in drive A
and type the command

COPY A:BASRUN20.EXE C:\PCDAS\*.*
* BASICA compiler residing on hard disk

Given the appropriate pathname to the IBM BASICA Version
2.0 compiler, type the command

COPY C:\pathname\BASRUN20.EXE  C:\PCDAS\*.*

The PCDAS system will not operate without the BASRUN20.EXE

file. Once the BASRUN20.EXE file is copied to your working
PCDAS directory on the hard disk, you will be ready to operate
the system. Read Section 2.4.2 for information on the directory
structure that HARDINST created. You can ignore the "make

2.4



directory" and "copy" instructions in Section 2.4.2. Section
3 covers FDAS control and communications.

2.4 ALTERNATE PCOAS INSTALLATION

If you have more than one hard disk or perhaps a cartridge drive system,
you may want to specify different devices for programs and data. In
this case you will want to use the installation procedure outlined in
this section. The INSTALL program is used to configure the data
collection system after you have created subdirectories and copied

the correct files from your system disk.

Before setting up PCDAS on a floppy disk drive system, it would be

wise to consider the data flow anticipated in your network. In general,
if your network includes more than 10 sites, it may be necessary to
upgrade your PC to handle the volume of data. If data for a large
network is going to be written to floppy disks with 360 Kb of capacity,
you may find yourself with a large pile of disks. Appendix B contains
sample data flow calculations that may help you anticipate how much
data you will collect for any study.

If you are using a floppy disk-based system, particular attention

should be paid to the available space on the two disk drives. Depending
on the size of the network, data can fill up the disk in the B drive

in a short time. Because a message file is created on the system

disk drive for every collection event, the system disk can also fill

up quickly. When the data disk fills up, you have to format and use
another disk.

When the system disk gets full of message files, you will have to

clear some of the files. The procedure for doing this is covered in
Section 4.5.

2.4.1 Floppy Disk Drive System

If you have a relatively small network, running PCDAS from a floppy
disk may be the most cost effective way to collect the data. The

PCDAS system on floppy disks will comprise three disks. The first

disk is called the PCDAS system disk and contains program files, the
site-specific information, and driver files organized in subdirectories.
This disk will normally be inserted into drive A when the programs

are running.

The second disk is called the data disk. It will contain the daily

binary data files from the FDAS units, organized by site and by month.
When a data disk fills with data, another formatted disk is used. In
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this way a number of data disks are accumulated with data files
organized chronologically across the disks. A1l data disks should be
labeled consistently,

The third disk will be called the data conversion disk. This disk

will contain the conversion program file and the appropriate driver
files as well as the converted ASCII data files. The files that belong
on the conversion disk are explained in a Section 5. This disk will
replace the system disk in drive A when you are going to convert and

use the data. The data disk containing the target time window of

data will remain in drive B. PCDAS cannot convert data across different
data disks. All of the target data must be on a single disk in drive B.

Figure 4 shows the typical directory structure for the PCDAS system.
Drive A is the PCDAS system root directory, and the B drive is the
data root directory. The "SITEDAT" subdirectory contains the site-
specific information and is automatically created when you enter
information.

The "SUMMARY" subdirectory shown in Figure 4 contains operator message
files. Like the SITEDAT subdirectory, this subdirectory is created

PCDAS System
Root Directory

FPROGRAMS AND
DRIVER FILES

_— T~

Sitedat Summary
PCDAS
SITE
INFORMATION Pl
DATA BASE DATA BASE
BINARY DATA ASCH DATA
ROOT DIRECTORY ROOT DIRECTORY
SITEQQ1 SITEQO2 SITEOO SITEODS3
APRS7 MAYBY APR&7Y MAY87 JUNB7 JUuL87 JUN87Y JUL8?Y
DAILY DAILY DAILY DAILY DAILY DAILY DAILY DAILY
FILES FILES FILES FILES FILES FILES FiILES FILES
FIGURE 4. Typical PCDAS Directory Structure
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automatically. The PCDAS system will use this subdirectory for writing
messages to the operator. The binary coded operator message files will
all have the filename extension .SUM.

In a floppy-based system, the B drive is the data destination for
PCOAS, Subdirectories for each site are created automatically when
data is acquired. These site-by-site subdirectories will stem from the
data destination directory and will be named

SITEnnn

where "nnn" is the three-digit site number. You do not need to create
any subdirectories on the data disk to install the system on your PC.
A1l of the data collected from the sites is written to the data disk.
When the disk gets full, you will have to format and label a new disk.
It is important for you to keep track of the data on each disk, so you
should adopt a disk numbering and labeiing convention and stick with
it.

The binary data files are organized by month under each SITEnnn
subdirectory., This directory structure simplifies data access and
backup procedures.

To have adequate disk space for converted files, you will need to
create the separate data conversion disk. With a new formatted disk
in B drive and your working system disk in A, type COPY A:TRANS.EXE B:
and COPY A:BASRUN20.EXE B:. This will copy the conversion program to
the data conversion disk. You will also have to keep an up-to-date
copy of the SITE.DRV and USAGE.DAT files on this disk so the conversion
program can correctly identify the sites in your network. The SITE.DRV
file is updated each time data is collected from a site.

In addition to the site driver file, you will have to create a SITEDAT
subdirectory on your conversion disk and copy the “.PAR" and ".DAT"
files from the SITEDAT subdirectory on the PCDAS system disk into the
this subdirectory on the conversion disk. The information in the
“.DAT" and ".PAR" files is what the conversion program uses to convert
the data into numbers with engineering units.

Once you have created the summary subdirectory on your system disk and
copied the "MESSAGE.DAT", you are ready to run the INSTALL program.

2.4.2 Hard Disk Drive System

Once you have copied the program and data files onto your hard disk,
you will need to make some other subdirectories stemming from your root
"PCDAS" directory. The PCDAS system root directory for a hard disk
system will be "C:\PCDAS". Two directories stem from this root:
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* The "SUMMARY" subdirectory contains operator message files.
This subdirectory is created automatically the first time you
run the system.

» The "SITEDAT" subdirectory contains site-specific information
and is automatically created whenever information is entered.
Site-specific information includes channel descriptions,
conversion factors, and other parameters that are used to control
each site. The PARSET program is used to input and edit this
information (Section 3).

The data destination directory contains all of the data from the remote
loggers. You must create this directory with the DOS MD command.

The site-by-site subdirectories shown in Figure 4 are automatically
created when data is collected. Daily binary data files are organized
by month under the individual SITEnnn subdirectories.

In a hard disk system, the conversion program (TRANS.EXE) resides in
the PCDAS system root subdirectory. Data conversion can be performed
with the TRANS program and ASCII files written to a separate
subdirectory on the same hard disk where the binary data resides.

After you have created a summary file subdirectory, copied the
"MESSAGE.DAT" file, and created the data destination subdirectory {or
subdirectories), you are ready to run the INSTALL program.

2.5 RUNNING THE ALTERNATE INSTALLATION PROGRAM {INSTALL)

The INSTALL program tells PCDAS how you have organized your directory
structure and how your hardware is configured. To run the program,
set your default directory to the PCDAS system root and type

INSTALL

The program will prompt you for the data destination root directory
path name. With a floppy-based system you could type "B:\" for the
data destination path name and "A:\SUMMARY" for the summary file path

name. For a hard disk system you could type "C:\DAS\DATA" for the
binary data destination path name.

You will also have to answer a question about saving operator messages.
Type a "1" if you want to save all messages and a "2" if you want to
save only the most recent messages. Saving only the most recent
messages will conserve disk space.

The INSTALL program will also prompt you for the modem communication

port number, a yes or no response about media protection, and a modem
command string to be appended to each dial-out sequence.

2.8



If you answer yes to the question about media protection, a message
will be generated every time PCDAS has been run 200 times. The message
will advise you to replace the disk media in order to guard against
worn-out disks.

To be safe, you should back up all site-specific information (from
the SITEDAT directory), as well as any system files ending with a

" .DAT" or ".DRV" extension. Refer to Section 5 for more information
on backing up c¢ritical PCDAS files.

The prompt for an additional modem command sequence can be used to
append a dial-out string to each call. If you have to dial a "9" to
get an outside line in your building, you could type 9 at the prompt.
You can also use this string to specify a forced entry billing for
all data collection calls.

The last prompt from the INSTALL program will be a printer selection
menu. Select the printer that is installed as LPT1: on your PC. If
your printer is not on the list, select the EPSON as defauit. A1l of
the PCDAS programs have a file redirection option that lets you create
an 80-column ASCII file rather than a printer listing.

The INSTALL program will write a small data file named "USAGE.DAT"
after you select a printer. You will need to run the INSTALL again
if you reconfigure your system. If you change from a floppy-based
system to a hard disk system, you will need to copy all of your PCDAS
operating files (SITE.DRV and SCHEDULE.DAT), data files, and site-
specific files to the new file structure and then run INSTALL again.
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This law can be applied to the panel shown in Figure 25 for the A,B
and C phases. Written in terms of the FDAS channel numbers, the energy
balance conditions can be stated as:

C16 = C19 + €22 + C25 + (28 + (29 + (33 + (36 (Phase A)
€17 = C20 + C23 + €26 + C30 + C34 + C37 (Phase B)
C18 = €21 + C24 + €27 + €31 + €32 + (35 (Phase C)

Each record collected from the FDAS should satisfy all three of these
equations within the accuracy of the FDAS instruments. A PCDAS utility
called CKSUM (for ChecK SUM) allows you to apply an arbitrary set of
energy balance equations to a data file. The energy balance equations
applied by the CKSUM program are a rigorous data quality check. CKSUM
can also be used to catch any installation errors. Any faults in the
FDAS (scaling error, inaccurate measurement plan, equipment failure)
will be evident in the output of the CKSUM program.

The CKSUM program provides meaningful statistics on how each record
passed or failed the defined energy balance conditions. The following
section explains how to set up the input to the CKSUM program and
explains the program's output.

5.7 BHOW TO USE THE CKSUM PROGRAM

The CKSUM program was written to operate on engineering unit ASCII
files created by the TRANS program. Because data is archived on the

PC in unconverted binary form, you must run the TRANS program to create
the data files. These data files need to contain channel identifiers
as well as the channel data. This is done by selecting conversion
option 2 in the TRANS program. Refer to Section 5.2 for more
information on conversion.

Note that there is no file naming convention for ASCII data in the
PCDAS system. This is a result of a design philosophy that assumes
that data conversion will be performed for specific tasks only.
Before running CKSUM, you must:

* collect data into the binary archive

* convert the desired interval of data'using option 2 in TRANS

* create the check sum equation file in the SITEDAT subdirectory

» create the modification file in the SITEDAT subdirectory
(optional)

* clear enough working space for CKSUM to write its output.
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The CKSUM program will prompt for the engineering units ASCII file
name, the site number and parameter set code, and the integration
period in seconds. It also prompts for two yes or no responses
concerning suspected reversed CTs and channels modification.

5.7.1 File Formats and Names

The check sum equation file is required by the CKSUM program. This
file should reside in the SITEDAT subdirectory with the .PAR and .DAT
file for the particular site and parameter set. The naming convention
is:

XSITENNKN.SUM

where X is the single letter parameter set code, and NNN is the site
number. Note that this convention follows the other file names (.PAR
and .DAT). You should make entries to the .SUM file with a simple
line editor or word processor. Be careful not to enter control codes
in this file. A sample file listing is shown below.

1 C09 =C20 + C24 + C26 + (28 + C30 + C32 + C35 + C36 + C38
2 C10 = C22 + C25 + C27 + C29 + C31 + C33 + C34 + C37

3 C11 = C39 + C42 + C45 + C48 + C64

4 C11 = C40 + C43 + C46 + C49

5 C13 = C41 + C44 + C47 + C50

PHA PNLZ: C11 + C12*= C39 + C40 + C42 + C43 + C45 + C46 + C48 + C49
PHB PNLZ: C11 + C12 = C39 + C40 + C42 + C43 + C45 + C46 + C48 + C49

The conventions in this file are:

* Any line that contains a ":" character is an active equation
that will be used by the CKSUM program. This allows you to
enable and disable specific equations while maintaining all
check sum equation information in a single file.

» Any characters that come before the ":" character in a line
indicate the equation title. This lets you label the equations
logically. In the above example the first five equations have
simple integer labels and are unused.

* Up to 26 equations with any combination of main and feeder
channels are allowed.

* An "*" character directly after a channel specification on the
left side of the equation indicates that the check sum tolerance
should not include the resolution for that channel. In cases
where there is more that one main channel on the left side of
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the equation, the sum of the non "*" channel resolutions will
be used for the check sum tolerance.

The modification file lets you apply a channel-by-channel correction
to the data before the energy balances are applied. This correction
is in the form of a scale factor and offset:

CNN(new) = CNN{old)*scale + offset

These modifications can be used to test hypotheses of scaling of offset
errors that may have been discovered from previous CKSUM runs. The
file naming convention for the modification file is the same as the
check sum equation file above. The modification file resides in the
SITEDAT subdirectory with the .MOD extension., This file has the same
“first name" as the .PAR, .DAT, and .SUM files. A sample file is

shown below:

C45 1.0,12
€23 1.098,0
€34 .976,33

A space between the channel number and a comma between the scale and
offset values are the only requirements for this file. Any number of
the FDAS channels can have a correction applied before the CKSUM tests.

5.7.2 CKSUM OQutput

The CKSUM program does not prompt you for an output file name. It
simply uses the input data file name with a .CKS extension. This
extension should be reserved for CKSUM output files.

Because the FDAS converts the analog signals from the watt meter
circuits into single byte numbers (0 to 255 counts), the energy balance
equations are applied to a quantized set of data rather than to a
continuum. The accuracy of the basic conversion is +- one count.

For this reason, the pass/failure of any record is based on the
resolution (watts per count) of the main feeder channel. If the
difference between the feed and load sides of the equation is greater
than one resolution of the feeder channel, then the record fails the
energy balance check.

The CKSUM output includes a number of meaningful lists and statistics
that can be used to judge the quality of indvidual records and the
FDAS installation in general. Appendix G contains a sample CKSUM
output file for a single sheck sum equation. The output consists of:

* list of channels with identifiers, engineering units, and channel
resolutions (generally in watts)
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e listing of the .SUM file showing the active energy balance
equations

» general min/max information for input data set in both watts
and counts (resolutions)

¢ general data analysis, including dead channels, number of
records, and number of records excluded due to negative readings.

For each equation in the anatysis, a set of 1ists and statistics is
generated:

¢« list of records that failed the energy balance check - This
1ist includes the time stamp of the record, and main and feed
sides of the equation, difference, and active channels.

e general data analysis for the equation - This includes
distribution of failed records, as well as statistics for faiied
records and all records.

+ a histogram of the percentage of time that channels are on when
records fail the specific equation

e« a histogram of the percentage of time that records fail when a
particular channel is on (non-zero)

» - frequency distribution of the differences for all records,

5.8 FILE TRANSFER

If more complex analysis is required, or if you want to do analysis

on a larger sample of data (say, a yearly regression on hourly data),
you should seriously consider moving the data to a Targer computer.

Just as with analysis, the transfer task can be accomplished with
commercially available software. Consult your mainframe system operator
for suggestions on what programs would best suit the task. Generally,
an error-free protocol with wild card file transfer capability is
preferred.

The procedure for transferring information from the PC is simple.
First, use the TRANS or the ACCESS program to create the engineering
ASCII files of the correct duration (Weekly, Monthly etc..). You
then use the commercial package to transfer the data files through
your modem or, better yet, through a direct connect serial port to
the larger computer.
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6.0 TECHNICAL DESCRIPTION OF PCDAS

This section contains detailed technical descriptions of the PCDAS
programs and their operations. Some of the design criteria, major
limitations, and features of PCDAS are discussed. This information
may be most useful to those who want to modify the code or for those
who want to understand its operation in detail.

6.1 PCDAS SYSTEM DESIGN CRITERIA

PCDAS was designed to provide automated data collection and network
control using readily available personal computer equipment and PNL-
designed remote field data acquisition systems. Within this framework,
the designers had great freedom to choose the mode of operation that
best suited the task.

Some of the design criteria that guided the development of PCDAS
include:

* The code should run on all IBM personal computer configurations,
from a PC with two 360-Kb disk drives and 128-Kb memory to a
PC/AT with fixed disks and megabytes of RAM.

* All data collection and network control operations would have
both manual and automatic modes.

* The code would be user friendly, so inexperienced personnel
could operate the system, but would also contain enough detailed
information about the network status for experienced users.

¢ The code would be able to run unattended for long periods of
time, requiring an operator only to interpret status and error
condition messages.

* The code should enable several personal computers to access
data from the same remote data loggers with one central PC
acting as the network controller.

* The data archive format would be as compressed as possible so
collected data would not overload the limited data storage
capacity of most PC equipment.

* Error and status messages would be in plain English, where
possible.
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s The programs would be clearly organized and written in a higher-
level language to facilitate modifications.

6.2 DATA COLLECTION PROGRAM (COLLECT)

This program is the central routine of the PCDAS system. [t is a
fully automatic program that accepts input from a driver file and
writes to both a message file structure and a data archive. A large
amount of error checking and recovery has been included in this code
to prevent program crashes.

One of the major features of this code is its method of writing
messages. Operator messages are written to the screen and to the
message file structure at the same time. The message files written
by COLLECT are in a highly compressed format to conserve disk space.
Whenever these messages are viewed by the user, a message data file
called "MESSAGE.DAT" is used to expand the messages into a readable
form. The operator can either view the collection operations as they
occur, or review duplicate collection messages at some later date.

If any error conditions occur to the system during automatic operations,
the user will be instructed to read the collection messages for a
particular poliing event and the error messages will be highlighted.

The COLLECT program goes through a sequence of events during a given

polling. What follows is a detailed narrative of the events that
take place during a COLLECT run.

6.2.1 Example of a COLLECT Run

After the initial dimensioning, the COLLECT program opens the USAGE.DAT
file created by the INSTALL utility. The program reads the
communications port number, the binary and ASCII data destination

path names, the summary message file path name, and the dial-out prefix
string. The usage number is incremented by 1, and the program checks
to see if the number of runs since the last media replacement exceeds
200 (for floppy drive systems only).

Next, the site driver file is opened and the main data acquisition
loop is entered. Records are read from this file, and sites with "*"

in both @ (que) and C (collect) columns pass through the filter into
the main subroutine calls.

At the beginning of any collection, a 15-minute timer is set to guard
against excessive connect time in case of some failure.
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Next, an appropriate summary file coded with the day of the decade,
the site number, and the parameter set is opened. If more than one
polling event takes place in a single day, then the message file is
appended with the new polling messages.

The program then sets the top and bottom of memory, based on the type
of remote processor, and then assigns several variables from the site
driver file. These variables are:

e PARMSETS single character string, one-Tetter parameter set
code
e PROCVERS processor version code string

e PHONENUMS 16-character phone number string

e RECLEN record length in bytes

e INTPER integration period in seconds

« LDAY,LSEC day of decade and second of day of last archived
record

s LREC position in memory of the last archived record

« NSEC,NCHAR number of seconds and the threshold characters
for phone line noise evaluation.

After the variables have been set, the modem is initialized and the
dial-out subroutine is executed.

The phone dialer subroutine gives the "ATDT" command to the modem and
waits for one of three events. The modem will send a "CONNECT" within
the specified wait period, or will send a "NO CARRIER" response, or
will time out. In the first case, the subroutine immediately returns
control to the main acquisition loop and the data collection, or
poliing, proceeds. In either of the last two cases, the dial-out

will be attempted two more times. If these attempts fail, then an
error message is written and the polling for that site is terminated.

After a successful connect, the program drops immediately into a phone
line quality subroutine. This subroutine simply clears the
communications buffer and waits the specified amount of time. If the
number of random noise characters exceeds the threshold, then the

line is failed and the program drops back to the phone dialer to try
another phone line. The program will evaluate and fail three separate
connects before giving up on the polling for a particular site. This
phone 1ine quality check is a simple random noise check. Line
attenuation is not evaluated in this routine.

If the phone line does not have a lot of random noise, the program
drops into the communications verification routine. This routine
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verifies that the field data acquisition system will respond to
commands. Several commands are sent and the responses are monitored.

If the processor is working, the processor version code is transmitted
and checked against the entry in the site driver file. If the processor
fails to respond or the version codes do not match, an error code is
printed and the polling for that site is terminated.

The logger integrity check comes next. This is perhaps the most
important of the subroutines, providing both network control and data
quality control functions.

The first step in the logger integrity subroutine is a check of the
remote logger’s collection parameter block. First, the appropriate
“.PAR" file is opened and parameters 5 through 146 are read in to the
DPARM() array. Next, the program jumps to the logger parameter read
subroutine, which returns the PARM array from the FDAS. The parameters
are read out of the FDAS twice to ensure an accurate transmission. A
one-for-one check is performed, and the results of the check are
reported. Normally, this check will result in zero errors and the
program will proceed to the next Togger integrity check. However, if
the check turns up an error, a jump to the AUTOPARM subroutine will
be executed.

The AUTOPARM subroutine automatically corrects errors in the logger's
parameter block. Parameter error can be divided into two categories,
those that cause data corruption (number of active channels, bytes of
resolution for active channels, or scaling on active channels) and
those that do not. If the parameters caused data corruption, the
program performs the following steps. First, the errors are corrected.
Next, the corrections are checked against the disk parameters. Finally,
if the disk and logger parameters match, the logger's memory is cleared.
If the parameter error did not cause data corruption, the program

goes through all of the same steps except the final memory clearing
step. If the logger's parameters are correct or have been corrected,
the program proceeds to check the logger's clock and record sequencing.

If the clock is found to be in error (plus or minus 60 seconds
difference), it is corrected to match the clock in the data acquisition
computer, and the records are re-sequenced on the end of the standard
clock period. A separate check of the record sequencing is made after
the clock check to ensure that records are synchronized to the end of
the integration period. After the record sequencing step, a return

to the main acquisition loop is executed.

After the logger integrity subroutine, a conditional statement decides
if the logger's memory has been cleared due to parameter block errors.
If it has, the polling for that site is terminated. Normally, the
program will proceed to the data requirements subroutine, which will
decide how much data is to be collected from the logger.

The data requirements subroutine is a fairly complex piece of code
that selects what data needs to be collected from the logger. The
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complexity arises from the multitude of possibilities presented by

the logger's data collection scheme. The output of this subroutine

is a starting address and the number of records required; alternatively,
this subroutine will position the remote logger's transmission pointer
itself.

Under normal circumstances when a logger has already been polled at
least once, the data requirements subroutine will position the
transmission pointer just before the memory location where it collected
the last record in the data archive. It will then transmit several
records forward, searching for the last record in the archive, If it
finds a match, the routine calculates the number of records to collect
and jumps immediately to the data acquisition routine. If a match is
not found, it assumes that the logger's last archived record has been
over written. In this case, the routine specifies that all data in

the logger should be collected.

The data collection routine transmits and checks the data required
from the logger. A collection algorithm is implemented that guards
against repeat records and records with transmission errors. The
records are check-summed, and the record length is checked on every
transmission.

A message is written to the screen for each record collected. Several
diffent types of messages can be written. The data acquisition routine
accounts for data transmission errors:

| Collect nnn |means that record nnn was collected successfully
| Missed nnn  |means the FDAS failed to see the transmit command

| Checksum nnn |means a check sum error was detected

This routine creates a temporary file called "HEAP.TMP on the data
destination root directory. This file contains the time sequenced
data from the logger for that particular polling. This file will be
accessed by the file manager subroutine that creates the binary data
archive. Immediately after the data is collected, the modem hangup
routine is executed to disconnect the modem and minimize connect time.

The file manager subroutine opens the HEAP.TMP file and executes a
two-pass algorithm. First, the data is read in and the time stamps
are checked. If the Togger's clock was zeroed (see logger integrity
subroutine), then the time stamps of the records are reconstructed in
reverse sequence from the most recent record to the first record after
the power came back on. This is done using the known time stamp of
the most recent record in the logger, based on the data collection

computer's time. If any time stamp reconstruction is performed, the
operator is notified.
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The second pass of the file manager subroutine through the HEAP file
actually opens archive files and stores the daily binary files.

The final step in the collection process is to open the SITE.DRV and
SCHEDULE.DAT files and write the updated collection information, The
next section covers more on the SITE.DRV file format and the information
that is maintained in this file.

If automatic statistics generation is enabled, then the COLLECT program
makes one more pass through the HEAP.TMP file. The program accumulates
the raw binary data, number of records, maximum reading, minimum reading,
time of maximum, and time of minimum. These statistics files are

accessed using the TRANS program, which converts the binary statistical
information into ASCII files.

The polling event described above is one of the central events in the
PCDAS system. Much of the following discussion covers the programs that
schedule and report on these polling events.

6.2.2 Data Collection Driver File (SITE.DRV and QUE)

The site driver file contrals the polling events. The operator makes
entries to this file and edits entries using the QUE program. The
SITE.DRV file contains the information that controls:

s organization
¢ scheduling

* call-out sequence and phone handling.

A1l of the entries in this file will be explained by the categories
listed above. You will note that the entries in the site driver file
records are organized in the same functional order listed above.

Organizational
Qs

1 character. This variable is an indicator that shows if the site is
working and is capable of collecting data. A null for this variable
indicates that the site is not working and an "*" indicates that it
is working. In the QUE program this entry can he toggled with any
key.

PARMCS

1 character. This variable indicates that the site is ready for
polling. If both the Q% and PARM$ are the "*" character, then the
QUE program automatically checks to see that the integration period
and record length entries are not blank. If they are blank, QUL
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accesses the site data base and calculates these values. See
Section 4.2 for more discussion of QUE features. The way the PCDAS
scheduler program causes a collection event is to control this entry.

SIS

3 characters. This is the site number (max=300).

PS$

1 character. This is the single-letter parameter set code. Changes
to this entry cause the record length, integration period, and last
archived record entries to be erased when using the QUE program.
These values are calculated from the new parameter set specified.

PV$

b characters. This is the processor version code. PCDAS version 2.2
works with most versions of the FDAS firmware. A change in this entry
will reset the last archive time stamp entries. These will be re-
entered after the next polling event for the site.

WRITEPS

3 characters. This is the write-protect key for a particular site.
The default is "OFF" allowing the collection computer to control the
site clock and parameter block. If this key is toggled to the "ON"
position, PCDAS will report errors but will not correct either the
clock or the parameter block.

FST$

7 characters. This is the first of two seven-letter codes that can
be assigned to the site. The default is blank. This 7-character

code can be used to subdivide the network by building type or some
other criterion.

SCD%

7 characters. The second of two seven-letter codes that the user can
assign to the site.

RECLENS

4 characters. This is the number of bytes per record. It is calculated
from the ".PAR" file in the site data base for that particular site.

If the correct site file has not been created, the operator will be
advised to create the file and return to the QUE program.
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INTPERS

5 characters. This is the integration period for the particular site
and parameter set. 1It, too, is calculated from the ".PAR" file when
the record length is calculated.

STATSS

3 characters. This string contains the characters D,W,M or any
combination. This indicates what type of statistics are to be routinely
generated by the COLLECT program.

Scheduling
LDA§

5 characters. This is the day of the decade of the last record in
the archive. It is blank until the first polling event for that
site/parameter set. The COLLECT program updates this variable after
each polling.

LSECS

6 characters. This variable is the seconds of the day of the last
record in the archive. With the LDA variable, it comprises the time
stamp of the last record in the archive. The COLLECT program uses
these two variables to find the last record and thus determine how
much data is to be collected from the logger.

PFULLS

3 characters. This is the percentage of logger memory used needed to
trigger a polling event., This criterion can be used alternately with
the day and time variables. Default is 50 percent full.

DAYI$
3 characters. This is the number of days between polling events. If

the day interval and collection time are specified, then the PFULL
variable is turned to "OFF".

CTIMES

8 characters. This is the collection time associated with the DAYI
variable., It is in standard hh:mm:ss format.
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Phone line quality criteria variables

NSECS

2 characters. This is the number of seconds to wait during the phone
Tine quality check. The default value of 20 seconds is entered whenever
a new site is entered in the queue,

NCHARS

2 characters. This is the number of noise characters allowable in
the NSEC wait period. This variable is set to 2 characters as a defauit
when a new entry is made to the site driver,

PHS
16 characters. This is the site's phone number. It is used with the

ATDT Hayes dial-out command. A prefix letter "P" will force pulse
dialing.

BAUDS

4 characters. This is the baud rate for communications. Default is
1200 baud.

CWAITS

3 characters. This is the number of seconds to wait for a carrier
before trying to dial again. The default of 60 seconds is assigned
when a new site is added to the queue.

The QUE program is a general screen editor that lets the operator
make changes or additions to the SITE.DRV file.

QUE also has some automatic features that simplify network control
operations. The most important automatic feature is the calculation
of the record length and integration period from the site data base.
This is a necessary step in setting up collection on a site and is
initiated whenever an "*" character appears in the Q and C columns.
If the operator forgets this step and tries to manually collect data
from the site, the COLLECT program will trap the error and advise the
operator. Other features of QUE include the automatic record
initialization whenever the processor version is changed or when the
parameter set code is changed. A1l default values are initialized
when a new site number is entered.

The QUE program uses fold-over screens to edit all of the entries in
the site driver file. Three screens of information can be cycled
through with the essential information (site number, parameter set
code) constant on the left side of the screen. Section 4.2 includes
some samples of the three screens,
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A1l variables in the SITE.DRV file are read into a string array in
QUE called SITE$( , ). The screen editor logic is simplified by the
selection of simple indexing in this array. When all changes have
been made, the program assigns elements in this array to the random
access file field variables.

The coding for additional screens of information is relatively straight-

forward. Changes or additions to the site driver file should be
relatively easy.

6.2.3 Data Collection Schedule File (SCHEDULE.DAT)

Two options are available for deciding when to collect data from the
site. Data can be collected manually on some set schedule (e.g.,
weekly), or the PCDAS software can set the schedule and automatically
collect data. As discussed in previous sections, the polling routine
can either be run directly from DOS or be run automatically. The
schedule file and the schedule choices entered in the site driver
file determine when data will be collected if PCDAS is run in the
automatic mode.

The schedule file contains the site number, parameter set code, the

date and time of the last polling event, and the date and time of the
next scheduled polling event. These entries in the schedule file are
written by both the COLLECT and PCDAS programs. The interaction between
programs goes like this:

Whenever the COLLECT program is run, the last action is the update
of the schedule file. The program writes the site number parameter
set code and the date and time of the polling. It also erases

any entry for the date and time of the next polling event.

In automatic mode (when PCDAS is running), control is transferred
to the PCDAS program when COLLECT ends. PCDAS then makes several
decisions based on the condition of the site driver and schedule
files.

¢ If there is no entry in the schedule file for a corresponding
entry in the site driver file, then an immediate polling event
is scheduled (new site).

e If the date and time of the next scheduled palling event in
the schedule file is blank, the PCDAS program accesses the
site driver file and calculates the scheduled time based on
the date and time of the last polling and the collection
criteria (% full or specified interval).

= PCDAS performs no calculations if the entries in the schedule
file are complete.
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During normal operations, the schedule file will be complete and PCDAS
will not schedule any immediate polling events, Section 6.5 contains
more information on the PCDAS scheduler and controller program.

6.3 SUMMARY AND ERROR MESSAGE REPORTING PROGRAM (REPORT)

One of the most important features of the PCDAS software is the clear
presentation of system operations. During the actual polling event,
messages written to the screen show the condition of the logger and
the status of the data collection. More important, the PCDAS software
stores this message information so the operator can let the polling
events run unattended. The COLLECT program interacts with the PCDAS
scheduler/controller to inform the operator of any error conditions

in the network. If there is an error, the operator can easily access
the message data base and determine the nature and perhaps the cause
of the error. The REPORT utility contains the subroutines that help
the operator understand the status of the network. Appendix A contains
a list of the error and summary messages and includes a short
explanation of each message.

The REPORT program, like most other programs in the PCDAS software,
can be run either manually from DOS or from the PCDAS
scheduler/controller. The method of error reporting is outlined below.

When an error occurs during a polling event, the COLLECT program
raises a flag that is read by the PCDAS program. When control

is returned to PCDAS, the collection messages for that particular
site are flagged. Also, so long as an error condition flag is
raised, PCDAS will not schedule polling events for that site.

The only way to clear the flag is to read the error condition
messages.

To read the messages, the operator executes the REPORT program
from PCDAS. This program has several routines that conveniently
reconstruct the messages from the binary message data base,
highlighting the important error messages. Depending on the
routine that is chosen, the operator can:

* Read ali of the error condition messages that have
accumulated.

* Read the error condition messages for a particular site.

* Read the most recent collection message by site.

¢ Read specific message files.
There are several ways to reconstruct messages using REPORT; however,
all of the routines access the same binary message data base. The

binary message file can be thought of as a list of pointers and
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arguments. The pointers point to an actual message in a reference
file, and the associated arguments are used to fill in the blanks in
the messages. The reference message file (MESSAGE.DAT) contains
approximately 110 separate summary and error condition messages.

This file is used with individual binary messages files to expand the
messages into a readable form. This method of storing messages has
numerous advantages in terms of access time and disk storage
utilization. -

In addition to expanding messages from the binary message files, the
REPORT utility also includes several housekeeping and scheduling
routines.

Housekeeping routines include a message file eraser that gets rid of
old message files that are not needed and a calender subroutine that
will print a standard calender for any month after January 1981. The
calender routine can print the information on a printer or to the
screen. REPORT also includes a data capture report generator that is
essential for determining the capture rate for days, months, and years.

Perhaps the most useful REPQRT utility is the schedule editor. This
routine lets the operator look at the SCHEDULE.DAT file and edit the
entries. An important feature of this routine is that it shows the
percentage of logger memory utilized at the time of the next polling.

If the collection date is changed and the percentage of logger memory
exceeds 100 percent, the operator must choose a different collection
date and time. This routine can be used to set the polling time for

all of the sites in the network by typing all at the site number prompt.

6.4 TERMINAL PROGRAM AND MANUAL OPERATIONS {PARSET)

The PARSET program is a general purpose program that provides many of
the organizational functions of PCDAS. Setting up a remote collection
system involves a considerable amount of coordination with the people
installing the equipment. The PARSET program has a number of utilities
that help in this effort. The program includes routines to:

» use the computer's modem to communicate with a site directly -
The dumb terminal routine interacts with the rest of the
PARSET program to provide several manual logger control
functions. This routine includes automatic dialing from
phone numbers in the site data base.

e examine or change the logger's clock

* Jload parameters from the site data base on disk to the remote
Togger

* manually check the logger's parameters against the site data
base
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* input, edit, or print measurement plans.

Like other programs in the PCDAS software, this program can be executed
directly from DOS or can be called from the main PCDAS program. On
startup, the program initializes a considerable number of arrays to
handle the screen editing of the parameter sets. After the initial
dimensioning, PARSET opens the USAGE.DAT file, reads the appropriate
communications port number, and opens the port. The main menu is

then printed to the screen.

The main menu offers several choices. Option "A" (parameter set editor)
requires the user to specify a site and parameter set with option

“D". Option "B" (manual Togger control) requires the user to establish
a connection with the logger with option *C" (dumb terminal). This
option also requires the user to specify a site and parameter set

with option "D" if parameters are to be loaded to the logger. Option
"C" (dumb terminal) does not require the user to specify the site
number or parameter set code. Functional descriptions of these main
subroutines follow.

Option "A" (Parameter Set Editor)

This subroutine lets the user input the measurement plans and store
them to disk, edit measurement plans, and print measurement plans.
When this routine is executed, it first reads and processes the ".PAR
and ".DAT" files from the site data base. If no site and parameter
set code has been specified, then the user will be prompted to use
option "D" and the main menu will return.

The first step in reading the parameters is to input data from the
".PAR" file. This file is simply an image of the logger's parameter
block. It contains information on which channels are active (collecting
data), how many bytes of resolution there are for each channel, and

the scaling factor for each channel. The information on active channels
and bytes of resolution is contained in binary. A "1" in a particular
bit means that the channel is active, a "0" means inactive. In the
bytes of resolution data, a "0" bit means two-byte resolution for

that channel and "1" means one byte.

After reading the ",PAR" file, the program opens the ".DAT" file for
the particular site and parameter set. This file contains descriptive
information as well as the conversion data. The entries are:

e TIS eleven-character descriptor field for the measurement
being made by a particular channel

e CC1$% six~-character number for the first calibration
constant (multiplicative)

s (C2% six characters for the second calibration constant

6.13



e UNTS six-characters to specify the units on the
engineering unit data.

» MAXVAL  the maximum value (in counts) expected on a
particular channel for any given reading

* OF$% the counts offset for any channel (use primarily
with energy use measurements).

Al11 of the information in the ".PAR" file and the ".DAT" file is read
into arrays for use in the screen editor portion of the program. When
the program is finished reading in the information from the site data
base, the user is presented with the "parameter change menu." The
user can change the integration period, print the measurement plan to
a file or the printer, save the parameters to disk, or edit any group
of 16 channels. If the user specifies a site and parameter set that
is not in the site data base, then default values will be assigned.
The defaults are:

* all channels inactive

* all channels have two-byte resolution
+ maximum value for any scan set to 255
* all descriptors and constants blank.

When typing an entry, the user can backspace to make corrections and
use either the carriage return or arrow keys to complete the entry.

After the entries have been made, the work can be saved to disk using
the "S" option in the parameter change menu or by exiting to the main
menu. In either case, a prompt will request the site number and the
parameter set code. If the files already exist on disk, the prompt
will be a "Cancel Action/Replace" message. When exiting the parameter
change routine, the prompt will always ask if the work should be saved.
If no entries or changes have been made, the user can simply type "N"
at the prompt.

If a change is made that affects FDAS operations, and the same site
number and parameter set code is used during the save option, then an
error message will appear and the save will be aborted. See Section 3.3
for more information on parameter set changes.

The second main functional area of PARSET is the routine for handling
the Togger's clock and parameter block.

Option "B" (Manual Logger Control)

After establishing communications with a logger using option "C" in
the main menu, the user can return to the main menu and execute option
"B." This routine first reads the logger's clock and then presents a
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Jist of choices. Included at the bottom of the menu is the time and
date of the logger's clock. If this clock does not match the data
collection computer's time, the user can execute the “D", *T", or "M"
options to change the clock.

The "P" option is used to load parameters to a logger. Its primary
use is for setting up a site after installation, because the PCDAS
software includes routines to automatically correct the parameter
block once data collection has started.

The "P" option causes the program to access the ".PAR" file and read
the parameter block image from disk. The parameter block on the Togger
is then zeroed, and the parameters are changed one at a time. The
entire process can take up to 3 minutes to perform, depending on the
number of activated channels and the communications baud rate. When
the routine finishes the parameter change, it reads the parameters

out of the logger and checks its work. Any errors are automatically
corrected, and the process is repeated if necessary, until all
parameters in the logger match the disk parameters.

If the user does not want to change the logger's parameters, option
"C" can be used to check the parameter block for accuracy without
altering any of the parameters or the clock.

Option "C" (Dumb Terminal)

This routine puts the user in direct communication with the modem on
the data collection computer. A1l of the characters typed will be
interpreted as commands by the Hayes {or compatible) modem. By typing
the AT DT dialing sequence, the user can call the remote logger and
establish a connection. Once connected to the logger, there are several
commands that the logger will recognize.

Some of the most useful of these commands common to PCDA and PCDB
processors are:

e # parameter block listing in ASCII

e @ scans of analog channels in counts (64)

e gives processor ID code and SOP version in ASCII
> % erases logger memory (BE CAREFUL)

. *

performs software reset on the logger

(41)bb})30'"  scans of digital channels (48).

The user can enter some of these commands to verify that the site is
communicating. Once the connection is established, the user can press
F10 to exit the terminal routine to the PARSET main routine. Any of
the other PARSET routines can then be executed while there is a
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connection to a logger. Specifically, the "B" option described above
can be used to control the logger's parameter block and clock.

The PARSET program provides several manual operations on the data
collection network, as well as a screen editor for the input of the
measurement plan. Because this program has many different functions,
it is the largest of the PCDAS programs. In contrast to the PARSET
program, the PCDAS scheduler and controller automates many of the
collection functions.

6.5 AUTOMATIC OPERATIONS (PCDAS)

A1l of the programs described in Sections 6.2 through 6.4 can be
executed either from DOS or from the PCDAS program. Normally, the
operator will collect data or enter measurement plans by executing

the PCDAS program. By typing "PCDAS" at the DOS prompt, the operator
has access to nearly all of the data collection software. Put simply,
the PCDAS program is a scheduler program that works on both the SITE.DRV
and SCHEDULE.DAT files to schedule collection events for sites in the
collection queue. The main logic in this program is a loop that
continually checks to see if any site has met or exceeded the collection
time criteria. While the program performs this task, the operator

can interrupt the Toop and execute any of the other programs. A single
screen of information shows the next 10 scheduled collection events,

the operator messages, and the function key menu for the other PCDAS
functions.

When this program is started, it accesses the USAGE.DAT file and reads
the path name of the data destination root directory.

The scheduler function works by going through a series of conditional
statements based on the condition of the SITE.DRV file and the
SCHEDULE.DAT file.

» When the value of the site number in the SITE.DRV file is
zero (end of file condition), the program assumes there are
no more sites in the queue.

« If the "Q" column in the SITE.DRV file is not "*" for any
site, then it is skipped.

e A1l "*" characters in the "C" (collect) column are erased.
The program will use these flags to control data collection.

e If there are no entries in the SCHEDULE.DAT file for either
the last collection or next collection times, then an
immediate collection is scheduled. This is used only when
setting up the network or when adding a site.
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¢+ If there is an entry for the last collection date but none
for the next collection date, then the program calculates
the next collection date based on the information for the
SITE.DRV file. The next collection date is calculated based
on either a percent full or on a set interval basis. Remember
that the COLLECT program automatically erases the date of
the next collection and updates the date of the last
collection each time it collects data for a site,

When the PCDAS program has gone through the five conditional steps
above for each site, it continues to the main schedule loop. In this
loop, the site number, parameter set, and the time and date of the
next collection are written to the screen for the next 10 pelling
events. The function keys are enabled allowing the user to:

» manually collect data from any or all sites (F2) - This is
performed by first executing the QUE program. The operator
enters "*" characters in the “C" column for the sites to
have data collected. A branch to the COLLECT program is
automatically executed when the operator exits the QUE
program. After data is collected, a branch to the PCDAS
scheduler/controller is executed, bringing the user back to
the starting point.

+ execute the QUE program (F3) - The operator can execute the
QUE program to modify or add to the SITE.DRV file. A branch
to the PCDAS program is executed upon exit.

« execute the PARSET program (F4) - The site data base can be
updated or the operator can perform manual operations on the
network. Again, when this program is exited, an automatic
branch back to the PCDAS program is performed.

» execute the REPORT program (F1) - The operator can read error
messages and thus clear the message portion of the PCDAS main
screen, alter the SCHEDULE.DAT file, produce day of the decade
calenders, or do file housekeeping.

» execute the TRANS program (F5) - This program converts data
from the binary data base and creates ASCII files.

e pxit the PCDAS scheduler/controller to DOS.

The PCDAS program uses CHAIN commands to execute the various programs.
Whenever control is branched back toc PCDAS using a CHAIN command, the
program starts execution from the top and the schedule routines are
run again. Changes to the collection schedule using REPORT will
automatically be taken care of when PCDAS is re-executed.

When a collection time is reached for a particular site, the PCDAS
program goes into a 30-second delay loop and then runs through the
scheduler loop one more time to pick up other sites that may have
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collection times within 30 seconds of that site's collection time.
This minimizes the access calls to the COLLECT program for networks
where a large number of sites have synchronized data collection. If
an error is encountered during the data collection, a flag is raised
for that site. On return to the PCDAS program, the sites with error
conditions can be seen in the Tower portion of the screen. If a site
has an outstanding error condition (one that has not been read using
REPORT}, no new collection events will be scheduled for that site.

When the operator exits the PCDAS program (F10) and returns to DOS,
the program automatically writes the ATTN.DAT file, which contains a
list of the sites with outstanding error conditions. On startup, the
program reads this file and reminds the operator of the error
conditions.

6.6 DATA, FILE STRUCTURES, AND CONVERSION

The PCDAS software makes extensive use of disk storage for its
operations. This minimizes the amount of memory needed in the PC
collection computer. Rather than storing large arrays of data or
site information in memory, the collection computer uses information
on disk and acts as a filter between the remote sites and the binary
data on disk. The programs write data to disk frequently when they
are running. The formats of the files that PCDAS uses are fixed.

The information stored on disk can be divided into two broad categories.
First, there is data from the logger. This data is in binary format
and is in the same format as the data stored in the Togger's memory.
That is, the COLLECT program does not alter the format of the data
records when they are collected. When the data is converted to ASCII
files with engineering units, the format and size of the files change.

The second broad category of information is support or system data
that the PCDAS routines use to collect the data from the loggers.
This includes the driver files, message data base, and the site
information data base.

To understand how data is collected from the network of sensors, it

is important to know how the logger reduces data and forms binary
records. The discussion below is divided into four sections describing
binary data in the FDAS, binary data on the PC, the format of PCDAS
system files, and, finally, the data conversion process.

6.6.1 Binary Data on the FDAS

The data storage and transmission of data on the field data acquisition
system were designed to be highly compressed. This compressed format
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allows the remote unit to make good use of the limited space (15360
bytes) for data storage and facilitates the quick retrieval of data
with a modem.

In essence, the binary record is a list of scaled summations of readings
from the active channels. The way these sums are taken and the method
of scaling comprise the data reduction in the FOAS. This process
differs slightly between digital and analog inputs, so these will be
discussed separately.

Digital Channels

There are 48 digital input/output channels of the remote logger that
are capable of measuring contact closures or 5-vdc pulses up to 60
Hz. The output capability of these channels has not been implemented
to date in any of the firmware versions written for the logger.

A1l 48 channels have an associated temporary single-byte accumulator
that sums the pulses over three seconds. At the end of each 3 seconds,
that byte is added to a three-byte accumulator for the channels and

is cleared for the next 3-second accumulation. The scans are added

to this sum until the end of the integration period. When it is time
to write a record to the logger's battery backed memory, the processor
goes to the control parameters in memory to decide which channels are
active and how to scale the three-byte sums.

For each active channel, the processor scales the three-byte sum by
performing a number of right shifts on the binary sum. This shifting
actually truncates the least significant bits in the three-byte sum.
The number of right shifts is called the scaling factor. This number
depends on the length of the integration period, the maximum value
expected from the channel in any given scan, and the number of bytes
of the three-byte sum to be saved, Either one or two bytes can be
saved.

An example of this reduction process and the ensuing expansion of the
data when it is converted should be helpful.

Sample Data Reduction:

The first step in the reduction of the data is the scaling of a three-

byte binary sum to either one or two bytes. If you had a binary sum
that looked 1ike

00101101 10011001 11001100

you would have to perform 14 right shifts if you want to save a single-
byte representation of this sum. The resulting shifted binary number
would look like this:

00000000 00000000 10110110
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Note that only six right shifts would have to be performed to save a
two-byte representation of the three-byte sum. The result after
performing six right shifts would be

00000000 10110110 01100111

The two-byte representation obviously has eight more significant bits
than the single-byte representation. The numbers are expanded by
multiplying by 2 raised to the number of right shifts (2°shifts). To
demonstrate the effect of this truncation, the above example is worked
in decimal;

Original sum = 2,988,492

One byte reduced = 2,981,888 or 0.2% error
and expanded

Two byte reduced
and expanded

2,988,480 or 0.0004%

For most measurements, saving a one-byte representation of the three-
byte sum does not introduce significant round-off error in the data.

Analog Channels

There are 64 analog channels on the FQAS that are capable of reading

dc voltage signals between 0 and 5 volts. The analog to digital
converters have eight bits of precision, resulting in a digital scan
between 0 and 255 counts for the given dc voltage range. The reduction
of data for these channels closely follows the procedures performed

on the digital channels. There are some subtle differences, however.

Scans are made of all 64 analog channels each second, and the resulting
bytes are added directly to a three-byte accumulator for each channel.
At the end of the integration period, the scaling factors are applied
to active channels and data is stored in battery-backed memory. Again,
the length of the integration period, the number of bytes to be saved
{either one or two bytes), and the maximum value expected in any given
scan all affect the number of right shifts performed on the three-

byte sums.

The record that is created at the end of the integration period has a
fixed format.

Binary Record Format

The record written to the logger's memory at the end of each integration
period has several distinct parts. The first nine bytes are the
record's header that includes a checksum of the record, the record
length in bytes, and the time stamp of the end of the integration

period. These nine bytes are followed by the digital data and then
the analog data.

6.20



The minimum record length is nine if no channels are turned on; and
the maximum record length is

9 + 48%2 + 64*2 = 233 bytes.

The maximum record occurs when all channels are active with two bytes
saved for each channel.

The format explained here is in general terms. This record format
can be better understood by working through the example in Section
6.6.4. This will show you how a record is formed and how it is
converted to engineering units.

The binary records written by the logger are archived in the data
acquisition system in the same format as they were stored in the remote

logger unit. The only change is in the file structure and organization
of this data.

6.6.2 Binary Data on_the PC

When data acquisition from a network of FDAS units was envisioned on
personal computer equipment, the designers recognized the necessity
for a compressed record format for the data archive. A natural choice
was the format already implemented on the remote logger. Using this
data format has several advantages for data acquisition on a PC:

e The compressed record format makes very efficient use of
the lTimited data storage capacity of most personal computer
equipment.

¢ Because the format of the data does not change, the chance
of the data being corrupted during acquisition is minimized.

The binary data on the PC is organized by site number, parameter set
code, and by the date., Each site has its own subdirectory for the
storage of data. The individual binary files are stored in monthly
subdirectories. The daily files have the following naming convention:
XXXXZNNN.YYD
where XXXX is the day of the decade (DOD) for this daily file
Z is the single letter parameter set code
NNN is the three-digit site number

YY is the integration period in minutes.

This file structure and naming convention has proven to be a convenient
way to organize the data on the PC.

6.21



6.6.3 PCDAS System File Formats

The data collection software uses a highly organized set of driver
and data files for its operations. The formats of these files are
fixed to allow them to be read as random access files by the PCDAS
programs. If changes are to be made to any of the file formats, the
programmer must make changes to all of the programs that access the
affected files.

To aid the programmer, a list of driver and data files and their
respective formats has been compiled. Included in this 1list are the
purpose or function of the file, the programs that access the file,

the variables, and the format (number of characters) for each variable.
The variable names listed are those shown in the FIELD statements for
the programs using the files.

File Name: SITE.DRV

Function: Contains specific information on each site in the
collection queue. This file controls the actual collection
process. The operator can make changes to this file to
alter the way data is collected from the network by using
the QUE program,

Programs: COLLECT, PCDAS, REPORT, QUE

Variables: Q$%, 1 character. This is either an "*" or a null,
indicating whether or not the site is in the collection
queue.

PARMCS, 1 character. An "*" or null character determining
if the site should be polled.

SI$, 3 characters. The site number.
PS$, 1 character. Parameter set code.

PV$,)5 characters. The processor version identifier (ie
PCDA) .

PH$, 16 characters. The phone number of the site. Used
in the ATDT dial-out command.

RECLEN$, 4 characters. The record length of the binary
data from the Togger (range 9 to 233).

INTPERS, 5 characters. The integration period in seconds.

LDA$, 5 characters. The day of the decade time stamp on
the most recent record in the binary data base.
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File Name:

Function:

Programs:

Variables:

LSEC$, & characters., The seconds of the day time stamp
on the most recent record in the binary data base.

LREC$, & characters. The position in the logger's memory
where the most recent record was read (in decimal).

BAUD$, 4 characters. The baud rate for communications,
either 300 or 1200 bits per second.

WRITEP$, 3 characters. The write-protect switch.

NSEC$, 2 characters. The number of seconds to wait during
the phone line noise evaluation routine.

NCHAR$, 2 characters. The number of characters allowable
in NSEC seconds.

CWAITS, 3 characters. The number of seconds to wait for
a carrier from the remote modem.

DC1%, 7 characters. Seven-character descriptor for the
site.

DC2%, 7 characters. An additional seven-character
descriptor.

PFULL$, 3 characters. The percentage of logger memory
used needed to trigger a polling event. '

DAYI$, 3 characters. The interval between pollings in
days.

CTIMES, 8 characters. The time of day for the polling.
STATS$, 3 characters. Automatic statistics generator
specifier.

USAGE.DAT

Provides information on the data collection computer
hardware. Used by most programs to access the modem and
subdirectories. This is a sequential access file rather
than a random access file.

PARSET, COLLECT, REPORT, INSTALL, WIDE, TRANS

USE - This is an integer number that shows the total

number of runs on the COLLECT program. Used to determine
media wear.
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File Name:

Function:

Programs:

Variables:

File Name:

Function:

Programs:

Variables:

A$ - A single character determining if media protection
messages should be printed.
COMNUM$ - This is the communications port for the modem.

DATADS -~ This is the path name for the binary data
destination root directory.

SUMDEST$ - This is the path name of the summary message
file root directory.

ADDPHONE$S - This is the dial-out prefix string.
PR - An integer defining the printer type.
ADEST$ - The path name for the ASCII data root directory

MESSAGE. DAT

This is the file that contains the expanded error and
summary messages. The messages are accessed using a
single character search based on the entries to the
individual binary message files.

COLLECT, REPORT

MESS$, 62 characters. The MESSAGE.DAT file included
with V2.2 of PCDAS contains 114 messages in this random
access file. Appendix A contains a complete listing of
these messages.

SCHEDULE. DAT

Provides scheduling information for data collection.

This file can be altered with the REPORT program providing
manual control of data collection scheduling. Normally,
this file is acted on by the PCDAS program based on the
scheduling data entered in the SITE.DRV file.

COLLECT, PCDAS, REPORT

SID$, 3 characters. The site number,

PST$, 1 character. The single-letter parameter set code.
LDATE$, 8 characters. The date of the last data

collection. This is a conventional mm/dd/yy date rather
than a day of the decade number.
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File Name:

Function:

Programs:

Variables:

File Name:

Function:

Programs:

Variables:

LTIME$, 8 characters. The time of the last data
coilection. This is a standard hh:mm:ss time rather than
seconds since midnight.

NDATE$, 8 characters. Similar to LDATE$, but records the
date of the next expected data collection.

NTIMES, 8 characters. Similar to LTIME$, but records the
time of the next expected data collection.

ATTN.DAT

Keeps a record of the unread error messages. If the
operator exits the PCDAS program before clearing all of
the error condition messages, this file will be written.
PCDAS

SID$, 3 characters. The site number.

MFILE$, 20 characters. The message file name containing
the uncleared error conditions.

TRANS .DRV

Provides control of the data conversion process. This
file is edited and updated entirely from within the TRANS
program.

TRANS

Q$, 1 character. This is either an "*" character
indicating that conversion is to take place on the site,
or it is a blank indicating no conversion.

SI1$, 3 characters. The site number.

PS$, 1 character. The single-letter parameter set code.

DAYSTARTS, 4 characters. The day of the decade to start
conversion.

DAYENDS, 4 characters. The day of the decade to end
conversion.

OUTSPECS, 3 characters. Determines the output
specifications for the resulting ASCII file.
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OUTFILE$, 30 characters. The complete specification of
the output ASCII file. No naming convention applied.
Includes the entire path name.

6.6.4 Data Conversion Process

The first step in the conversion process is to expand the one- or
two-byte representations of the three-byte sum. The next step 15 to
divide by the number of seconds in the integration period to obtain
the average scan value during the period. The multiplicative factor
(CF1) and the additive factor (CFZg are then applied to obtain the
average value of the scans in engineering units.

For channels with two bytes saved, the above conversion method can be
summarized by the following equation:

units = {[ ((byte1*256)+byte2)*(2‘§ca1e) / period ] * CF1 } + CF2

For one-byte channels the conversion to engineering units can be
represented by the following equation:

units = [ bytel * (2”scale) / period ] * CF1 + CF2

To explain the reduction and conversion of data in a 16K logger, a
detailed example has been worked. Table 1 shows the channel numbers,
description of measurement, and the bytes saved from the three-byte
sum. Note that the wind vane measurement has zero assigned to the
Bytes Saved column. In this case, data is reduced differently. A
special channel on the logger has been reserved for wind vane
measurements {channel 5). A snapshot of the scan value for this channel
is automatically included in the data header in byte number nine.
Figure 26 shows a sample record that corresponds to Table 1. The
first 9 bytes are the header and wind vane, the following 7 bytes are
the digital information, and the remaining 25 bytes are the scaled
analog readings.

Figure 27 shows the definition of the byte and explains the associated
values. The steps in the conversion of the digital and analog data
are shown in Table 2.

6.6.5 The Format of Data with Enqineering Units

Remember that the data on the PC is in the same format as the data in
the memory of the remote logger. The only difference is that the

data on the PC is organized into daily files in a subdirectory structure
with a set file name convention.
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TABLE 1. Sample Use of the FDAS Data Channeils

Digital Analog

Channel Sensor Quantity Bytes Channel Sensor Quantity Bytes

Number Type Measured Saved Number Name Measured Saved
65 0 1 thermistor indoor temp 1
66 anemometer wind speed 1 2 thermistor outdoor temp 1
67 0 3 pyranometer insolation 1
68 utility KWHM total elect. 2 4  humidity indoor Rel H 1
69 utility KWHM heating 2 5 wind vane wind direct 0
70  utility KWHM hot water 2 6  thermocouple fireplac temp 1
71 0 7 thermistor attic temp 1
72 0 8 reference five volts 1
73 0 9 0
74 0 10 0
75 0 11 0
76 0 12 0
77 0 13 0
78 0 14 0
79 0 15 0
80 0 16 0
81 0 17 BNW pwr mtr total ph A 2
82 0 18 " “  space heat 1
83 0 19 " " range 1
84 0 20 " *  dryer 1
85 0 21 " " disposal 1
86 0 22 " " microwave 1
87 0 23 " " refrigerator 1
88 0 24 " " lites/conv, 1
89 0 25 " " total ph B 2
90 0 26 “ " hot water 1
91 0 27 " " range 1
92 0 28 " " washer 1
93 0 29 " " dishwasher 1
94 0 30 " " hot tub 1
95 0 31 " “ Tites/conv., 1
96 0 32 " " lites/conv, 1
97 0 33 0
98 0 34 0
99 0 35 0
100 0 36 0
101 0 37 0
102 0 38 0
103 0 39 0
104 0 40 0
105 0 4] 0
106 0 42 0
107 0 43 0
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header data from digital chan,
byte number : (5) (10) {(15)
data record : 010 083 041 005 156 001 067 112 128 008 003 159 001 244 001

data from analog channels
byte number : (20) (25) (30)
data (cont) : 119 076 073 042 086 059 087 149 083 202 122 000 000 000 000

data form analog channels (cont.)
byte number : (35) (40)
data (cont) : 029 014 094 186 096 043 023 000 106 008 019

FIGURE 26. Sample Data Record

raw

field byte# value significance
check sum 1, 2643  total of byte numbers 3 through 41
record length 41 record is 41 bytes in length

2

3

5 1436 calendar date is 12/06/84

8 82800 integration period covers 22:55:00 to
23:00:00 , Units in seconds since midnite,

spare 9 128 a snap shot of the wind vane indicating

that the wind direction is 180 degrees from

north,

day number 4
time of day 6,7

FIGURE 27. Sample Header for Data Record

The routine to convert the data to engineering units has three format
options: channel identifiers and units only, channel identifiers and
data, or data only. The FORTRAN format for the channel identifiers is:

1X

[3measurement number
1X

Allchannel descriptor field
2X

A3channel identifier
2X

Abengineering units descriptor.
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TABLE 2.

Interpretation of a Data Record

Digital
Channet
Number

Analog
Channel
Number

Quantity

Wind Speed

Total Elect.
Heating
Hot Water

Quantity Bytes

Indoor Temp.

Qutdoor Temp.

Insolation
Indoor Rel H
Wind Dir

Firepl. Temp.

Attic Temp.
Reference
Total ph A
Space Heat
Range
Dryer
Disposal
Microwave
Refrigerator
Lites/conv.
Total ph B
Hot Water
Range
Washer
Dishwasher
Hot Tub
Lites/conv.
Lites/conv.

Bytes

N N N

Pt el b e et b et [N ek e b b e D) e e = O e e e e

Raw

Raw

24250
96
43
23

106
19

Scaling
Measured Saved Value Factor

oo o

Scaling
Measured Saved Value Factor

D AD D WD WD WD WD D AD D WD WD WD D = D WD WD

Scaled
Raw
Value

Avg Raw
Value
(Hz)

Avg Raw
Scan
(Counts)

161
163
73
39

180
13
32

Calibrated
vValue Units
260 cm/sec
11124 Watts
6000 Watts
4500 Watts
Calibrated
Value Units
295 Kelvin
285 Kelvin
413 Wt/cm2
57 Percent
1960 mvolts
297 Kelvin
5 volts
10125 Watts
2988 Watts
0 Watts
0 Watts
0 Watts
0 Watts
426 Watts
107 Watts
11000 Watts
2247 Watts
724 Watts
327 Watts
-0 Watts
4272 Watts
56 Watts
293 Watts
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The format for the ASCII data is:
1X 16 for each channel

Note that the first two records are header information.
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APPENDIX A

ERROR AND SUMMARY MESSAGES

Messages numbered 1 through 30 and 50 through 76 are error messages from the
disk operating system. If you should get one of these errors during
operation, note the error message, the line number, and the conditions when
the error occurred. See section 1.6 on user support in the introductory
chapter of this manual.

What follows is an alphabetically sorted list of all of the messages that can
be written by the PCDAS COLLECT routine. 1In the list, the "&" character is a
dummy argument that is replaced with a value in an actual message. A prefix
of "E" on the message number means that the message indicates an error
condition. It the prefix is "M," the message does not indicate an error
condition,

MESSAGE MESSAGE NUMBER

i i T ALy —— o —— ik e

wxwkxk COLLECT & & & *wawws M(# 31 )

First message displayed when the collect program
starts. Gives the site number, date, and time of
polling.
#xxxkr Checking Logger Integrity wwwwws M(F 83 )

Inticates entry to the logger integrity subroutine.
This subroutine is executed before any data is
collected. It determines if the logger is still
collecting good data.

*xkakk Data Acquisition Mode *+xwwsx M(# 95 )
Indicates entry to the data acquisition subroutine.
*wxiak Fi]e Manager/Archiver w*aiwx M(? 98 )

Indicates entry into the subroutine that
archives the data to disk.

whakkk AUTOPARM & & § *vdded E(F 103 )
Indicates entry to the subroutine that automatically

corrects parameter block errors. This subroutine is
part of the logger integrity check.

A.l



kkkkkk Statistics Routine wiwkik

Indicates entry to a running statistics routine. This
routine is executed after the file manager subroutine.

rekurrCalculating data requirements ****+

Indicates entry to the subroutine that calculates
the number of records needed from the logger.

5-volt reference must be on to compile statistics
Message from statistics routine. The logger's 5-volt
reference channel is used by the routine to determine
if a record represents a complete integration period.
15-Minute time-out on this polling - disconnect
If the program should hang up in a loop somewhere, the
polling will terminate after 15 minutes. This guards
against excessive connect time.
Abort acquisition mode: Badsum= & , Badrec= & , Ntry= &
If the data acquisition should fail in the
middle of transmission, you will get this message.
Badsum is the number of failed checksum attempts,
Badrec is the number of mismatched record lengths, and
Ntry is the number of transmission attempts.
Advanced feature at line & DOS error
Archive's time = & & ; New record's time = & &

Shows the time stamp of the last record in the archive
and the time stamp of the record found in the logger if

the last archived record cannot be found in the logger's

memory. Part of the data requirements subroutine.

Bad record number at line & DOS error
Bad file name at line & DOS error
Bad file mode at line & DOS error
Bad file number at line & DOS error

Calculated records to collect = &

Qutput message from the data requirements subroutine.

Shows the number of records collected by the logger since

the last poiling.

A.2

M{# 110)

M(# 48 )

M(# 113)

E(# 109 )

M(# 97 )

E(# 73 )
M(# 80 )

E(# 63 )
E(# 64 )
E(# 54 )
E(# 52 )
M(# 35 )



Calling time out -- not connected

If the wait for carrier exceeds the number of seconds
specified in the SITE.DRV file (see QUE program), then

a time-out occurs,

Can't continue at line & DOS error

Cannot read paramters in three attempts - check line noise

If PCDAS fails to read the logger's parameters after

three attempts, it will re-evaluate the phone Tine noise.

Check Togger clock

Part of the logger integrity subroutine.
c¢lock is checked on each polling.

Clearing logger memory

Part of the automatic parameter correction routine.
the parameter errors are found to cause data corruption,

The logger's

the logger's memory is cleared and data collection

is initialized.

Clock ok, system= & & , logger = & &

Shows DAS computer system time and logger's time in day

of the decade and seconds since midnight.
Communications buffer overflow at line &

Correcting parameters

DOS error

First message in automatic parameter correction

subroutine.

CPU IDs do not match

Part of communications check. If the IDs do not match,

the polling will be terminated.
Device unavailable at line &
Device timeout at line &
Device fault at line &

Device 1/0 error at line &

A.3

DOS error
DOS error
DOS error

DOS error

1f

M(# 40 )

E(¥ 17 )
M(# 93 )

M(# 90 )

E(# 167 )

M(# 91 )

E(# 69 )
E(# 106 )

E(# 46 )

E(# 68 )
E(# 24 )
E(# 25 )
E(# 57 )



Dialing site - communications attempt # & M{# 37 )

Indicates that dialing has started. Shows the
communications attempt number.

Direct statement in file at line & DOS error E(# 66 )
Disconnected from remote site M(# 41 )

Indicates that the modem has been hung up.

Disk full at Tine & DOS error E(# 61 )
Disk not ready at line & 00S error E(# 71 )
Disk media error at line & DOS error E(# 72 )
Disk write protect at line & DOS error E(# 70 )
Division by zero at line & DOS error E(# 11 )
Duplicate definition at line & DOS error E(# 10 )
Field overflow at line & DOS error E(# 50 )
File already exists at line & DOS error E(# 58 )
File already open at line & DOS error E(# 55 )
File not found at line & DOS error E(# 53 )
FOR without NEXT at line & DOS error E(# 26 )
ITlegal direct at line & DOS error E(# 12 )
I1legal function call at Tine & DOS error E(# 5)

Input past end at line & DOS error E(# 62 )
Internal error at line & DOS error E(# 51 )
Line buffer overflow at line & DOS error E(# 23 )
Logger clock in error, site is write-protected E(# 114)

The logger's clock is in error but was not corrected
because the site is write-protected.

Logger does not respond to commands E(F 47 )

Logger answers phone and connects but logger's
processor does not respond to commands.
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logger ID: & Site driver ID: & M(# 45 )

If Togger processor ID matches that found in the
SITE.DRV file, then this message results.

Logger/Disk parameter comparison; & errors M(# 85 )
Shows the result of the logger parameter comparison
with the disk parameters. Shows the number of errors
found. Part of logger integrity subroutine.
Match found between last record archived and logger M(# 81 )
Indicates that the last record in the data archive
was located in the logger's memory. Part of the data
requirements subroutine.
Missing operand at line & DOS error E(+ 22 )
Modem connect M(# 38 )
Indicates that the data acquisition compter's modem
recieved a carrier from the logger's modem and
established a connection.

NEXT without FOR at line & DOS error E(# 1)

No record length entry in the site driver file E(# 108 )
This message indicates that no record length has been
calculated for a site entered in the SITE.DRV file.
Refer to Section 4.2 on the QUE program to find out how
to perform this calculation.

No previous data for this Togger/Parm set - full dump M(# 49 )
Indicates that no previous data exists in the archive
for the particular site and parameter set. All data will
be collected.

No records collected M(# 111)
Statistics routine message. No records were collected.

No records to archive M{# 99 )

Indicates that the archive subroutine had no records
to archive because no records were collected.

No RESUME at line & DOS error E(# 19 )
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No new records since last logger polling

Indicates that no new records have been collected since

the last polling.

No carrier signal detected

A "NO CARRIER" response was recieved from the data

acquisition computer's modem.

No record found at last collection position

PCDAS did not find the last archived record in the
logger's memory. This may be caused by overwriting

or by memory being cleared. Part of Data Requirements

subroutine.

Noisy phone line -- & noise characters - redial

Shows the result of the phone line test if the number
of noise characters on the line exceeds the threshold

set in the SITE.DRV file.

Number of records acquired = &

Shows the number of data records successfully collected
from the logger. This should match the number of records

expected.
Opening & for archive
Shows the file being opened for archive.
Opening & for statistics
Shows the statistics file being opened.
Out of string space at line &
Out of memory at line &
Qut of paper at line &
Qut of data at line &
Overflow at line &

Parameter errors did NOT cause data corruption

The errors found in the logger's parameter block did
not affect data collection. The error will be corrected,

and data collection will continue,

A.b

DOS error
DOS error
DOS error
DOS error

DOS error

M(# 82 )

M(# 39 )

M(# 78 )

M(# 43 )

M(# 96 )

M(# 101 )

M(# 112)

E(# 14 )
E(#7)
E(F 27 )
E(F 4)
E(# 6 )
E(# 105 )



Parameter errors caused data corruption

The error found in the logger's parameter block did
cause the data to be corrupted. The errors will

be corrected, the logger's memory c1eqred, and collection

re-initialized.
Parameter errors - logger is write protected - next site

Message indicating that parameter errors were detected

but the site is write-protected. The errors will not be

corrected.
Path not found at line & DOS error
Path/file access error at line & DOS error

Phone line noise evaluation

Indicates entry into the phone Tine quality
evaluation routine.

Position of next record to be written to logger memory = &
Shows the position in the logger's memory where the
next record will be written. Bottom of memory = 17408
and top of memory = 32767.

Re-sequencing on the end of the integration period
Indicates that the records were re-sequenced on
the end of the collection interval. Part of Logger
integrity subroutine.

Reading information from Site Driver file

Indicates that PCDAS is reading from the SITE.DRV
file to get collection information for a particular
site.

Reading logger parameters, attempt # &

Indicates that PCDAS is reading the logger's parameter

block. This message also shows the attempt number. The

COLLECT routine requires several parameter block reads
during a normal polling.

Reading disk logger parameters from &

Shows the file name of disk parameter file being read
by COLLECT.
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E(# 86 )

E(# 76 )
E(# 75 )
M(# 42 )

M(# 87 )

M(# 102 )

M(# 32 )

M(# 94 )

M{# 84 )



Reading the last archived record from logger

Indicates that the Jast archived record will be read
from the logger.

Reconstructed time stamps of & records

If the logger has experienced a power failure since the
The time stamps

last polling, the clock will be zeroed.
for the records collected after the power failure will
be corrected.

Record's time stamp does not match archive

Indicates that the last archived record was not found

in the logger's memory.
Rename across disks at line & B0S error
Reset Clock, system= & & ,logger= & &

Shows the collection computer time and logger time if
the clock needs to be reset.

RESUME without error at line & DOS error
RETURN without GOSUB at line & BoS error
Site not in Que Not used

String too long at line & B0S error
String formula too complex at line & DOS error
Subscript out of range at line & DOS error
Syntax error at line & DOS error

Three communications attempts failed - next site

If COLLECT cannot get data after three attempts, it
gives up and goes on to the next site in the queue.

Time stamp of last record in logger memory = & &

Shows the time stamp of the most recent record in the
logger's memory. Time stamp is in day of the decade
and seconds since midnight.

Too many files at line & DOS error

Type mismatch at line & DOS error

A.8

Part of Data Requirements subroutine.

M{# 77 )

M(# 100 )

M(¥ 79 )

E(¥ 74 )
E(# 92 )

E(F 20 )
E(F 3 )
(#33)
E(F 15 )
E(# 16 )
E(#9)
E(# 2 )
E(# 34 )

M{# 88 )

E(# 67 )
E(# 13 )



Undefined user function at line &
Undefined line number at line &

Update site driver file

DOS error

D0S error

COLLECT updates the site driver file with the time

stamp of the last collected record only after it has

archived the data to disk.

Verify communications, attempt # &

Indicates entry to the communication verification

subroutine.

Waiting until next record to be written to logger memory

If polling takes place within 5 minutes of the writing
of the next record in the logger's memory, it will wait

for that record.
WEND without WHILE at line &
WHILE without WEND at line &

A.9

DOS error

DOS error

E(# 18 )
E(F 8)
M(# 36 )

M(F 44 )

M(# 89 )

E(# 30 )
E(# 29 )






APPENDIX B

SAMPLE NETWORK DATA FLOW CALCULATIONS




APPENDIX B

SAMPLE NETWORK DATA FLOW CALCULATIONS

There are some very simple calculations that can be performed to determine
the quantity of data to be acquired for any remote metering project. Using
similar calculations you can determine the maximum polling interval (time
between calls) for any logger.

The calculations shown here can be used to estimate the storage space
requirements for converted ASCII files. Just remember that data stored in
ASCII format requires roughly six times more disk space than compressed
binary files,

In all of the following calculations, the logger's record length is
important. You can read this value from the first screen displayed in the
QUE program if the site exists, or you can estimate it by adding 9 to the
number of measurements expected to be made. In the case of data flow
calculations for a whole study, you can either add all of the record lengths
shown on the first screen in QUE for existing networks or estimate the total
number of bytes per record for the whole network. Do this by estimating the
number of measurement points in the study and adding 9 times the number of
FDAS data loggers.

The integration period is another important number in these calculations.
The value is always in seconds (3600 for hourly, 900 for 15-minute
intervals).

The number of bytes available in a 16K FDAS is a constant 15360 bytes.

1. Calculation of maximum polling interval

MRIL = Maximum Records In Logger = Integer(15360/record length)
PI = Polling Interval in days = Integration period * MRIL / 86400

Example: Record length 56 bytes
Integration period 3600 seconds

MRIL = INT(15360/56) = 274 records
PI = 3600 * 274 / 86400 = 11.4 days

2, Calculation of data storage requirements for an entire network

Example: Study length 2 years
Integration period 3600 seconds
Total record length 200 bytes per hour
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(24 hours/day) (365 days/yr)(2 yr)

Total records in study
17520 hours

Total number of bytes in study = 17520 * 200 = 3.5 million bytes
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APPENDIX C

FDAS SAMPLING METHOD AND SAMPLE CONVERSION FACTORS

Before we discuss data conversion, it is important that you have an
understanding of the FDAS sampling method. The FDAS accepts both analog and
digital input signals, so this discussion will be divided into two parts.

Analog channels:

The 16k byte FDAS is equipped with 8 bit analog to digital converters,
Electrical signals (0 to 5 Volts dc) are converted to binary numbers. Every
second, a reading from the A/D converters {0 to 255) for each channel is
added to a 3-byte accumulator. At the end of the integration period, a
number of right shifts are performed on this accumulator. Only the least
significant bits are truncated in this scaling process. The number of right
shifts performed is called the scaling factor.

Depending on the desired accuracy, either the most significant byte in the
accumulator (1-byte accurcay) or the most significant two bytes in the
accumulator (2-byte accuracy) are written to data memory for each active
channel. This scaled summation of readings is transmitted to the data
collection computer to be archived.

When the data is converted, any offset counts are subtracted and the scaling
factor is applied in reverse to obtain the original summation value. This
value is divided by the number of seconds in the integration period to give
the average reading {0 to 255 counts) over that interval., CF1 and CF2 are
applied to this average reading.

Sample CF1 and CF2 calculations follow

Energy usage:

Example : -Analog watt-meter channel
-400A current transformer
-240 Volts AC service
-12 Counts offset for circuit (from calibration sheet)
-100 k ohm scaling resistor
-1.307e-3 Volts AC/cnt (channel sensitivity from cal.sheet)

In general,

CF1
CF1

(Channel sensitivity/0.333)(CT scaling)(CT rating * Voltage)
(VoTts AC/cnt/0.333) (R/standard kohm) (CT rating * Voltage)

For this example,

CF1 = (1.307e-3/0.333) (100/100) (400 x 240) = 376.8 watts/count
CF2 = 0
OFF = 12 counts.
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Example : -Analog watt meter channel
-100A current transformer
-120 Volts AC service
-11 Counts offset (from calibration sheet for channel)
-200 kohm scaling resistor
-1.298e-3 Volts AC/cnt (from calibration sheet)

CF1 = (1.298e-3/0.333) (100/200) (100 x 120} = 23.39 watts/count
CF2 = 0
OFF = 11 counts,

Example : -Digital (KCD) watt meter channel
-2000:5 standard current reduction CT with 54 CT on
the large CT secondary
-480/277 Volts AC service
-12 count offset from the calibration sheet
-20 kohm scale resistor
-1.296e-3 Volts AC/cnt channel sensitivity

CF1 = (1.296e-3/0.333) (10kohm/20kohm) (2000 X 277)
CF1 = 1078.1 watts/count

CF2 = 0

OFF = 12 counts.

Environmental conditions:

Example: Relative humidity sensor
0 to 100% humidity = 0 to 5 Volts dc

CF1 = 100%/5 Volts dc = 100%/255 counts = 0.392%/count
CF2 = 0
OFF = 0 counts.

Example: Wind direction sensor
0 to 360 degree clockwise from north = 0 to 5 Volts dc

CF1 = 360 degrees / 255 counts = 1.412 degrees/count
CF2 = 0
OFF = 0 counts.

In general, CF1 is the slope of the 1ine relating the measured quantity with
counts., This slope or response can he determined simply in many cases like
the wind direction or humidity sensor, or may rely on empirical data from the
laboratory. In each case the units of CF1 are:

€.2



Engineering units/count
CF2 is the offset in engineering units. It most cases it will be zero.

Digital Channels

The FDAS reduces digital data in a slightly different way than the analog
data. A 5-Volts dc pulse on any of the digital channels adds one to a
single-byte temporary accumulator for the channel. Every 3 seconds these
temporary accumulators are added to a three-byte accumulator just like the
analog channels. At the end of the integration period, this three-byte sum
is scaled and written to memory just like the analog sums. A header of nine
bytes is included with the scaled analog and digital sums to make a data
record.

As with the analog readings, either one or two bytes of the digital summation
can be written to the record. These records of scaled summations are
transmitted to the data collection computer for archiving.

When the data is converted to engineering units, the scaling 1s applied in
reverse and the resulting number is divided by the integration period,
leaving a number representing the average cycles per second over the sampling
period. The CFl constant is the conversion factor between the average Hz and
the engineering value.

Energy measurements

Example: Pulse-initiating watt-hour meter
7.2 watt-hours per pulse
3-wire form C contact
2-wire measurement

In a two-wire measurement, only half of the total pulses are monitored,
so each pulse actually represents 14.4 watt-hours of energy used.

CF1 = (watt-hours/pulse ) (3600 seconds/hour)
CF1l = (14.4)(3600) = 518400 watt-seconds/pulse
CF2 = 0.

Engineering units for the converted data will be

(watt seconds/pulse) (avg pulses/second)} = avg watts for interval,

Flow measurement

Examples Pulse-initiating flow-meter 1 pulse per gallon
Form C 3-wire contact closure
Monitoring only 2-wire contact closure

CF1 = (gaTlons/pulse) (integration period)
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CF1 = (2)(3600) = 7200 gallons seconds/pulse.
Engineering units are in total gallons used over the interval.

(gallons seconds/pulse) (avg pulses/second) = gallons used.

Scaling factor considerations:

In both digital and analog channels, a number of right shifts are performed
to scale the three-byte sums. The number of right shifts depends on the
integration period, the maximum expected scan value for the channel, and the
number of bytes to save (one or two). If the maximun possible reading is
small, then a great deal of accuracy may be truncated if you do not select an
appropriate scaling factor.

In the case of the flow meter shown above, it is possible that the logger may
have to account for every pulse over the integration period (no truncation
error). The scale factor for a channel must be zero to eliminate truncation
error, Do this by adjusting the maximum value in the MVL column using the
PARSET program until the calulated scaling factor in the SF column is zero.
In most applications, the truncation error cause by the scaling of analog
data is insignificant,

In the case of the pulse-initiating watt-hour meters, it is also important to
adjust the scaling factor using the MVL column. It is important to set the
maximum value to the highest possible pulse rate. For this case a maximum
could be calulated from the size of the circuit breaker on the service with
the watt meter. For a 200A 120 Volit service

(200A X 120 Volts) / (14.4 watt-hour/pulse) = 1667 pulses/hour
= 0.436 pulses/sec
thus, in this case, the maximum pulse rate is less than 1 Hz. If this pulse
rate is entered as the maximum value, then PARSET will automatically

calculate the correct scaling factor.

Note that the maximum value (MVL) for analog channels is in counts and the
maximum value for digital channels is in Hz.
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APPENDIX D

PCDX _PROCESSOR COMMAND SET

The following is a list of the single-character commands that are used in the
PCDA and PCDB version of the FDAS firmware. These commands are used by the
PCDAS software to acquire data from the logger and control the data collection.
The command characters can also be issued to the logger with a dumb terminal.
Several commands are used primarily by the data acquisition system to control
the logger and are marked with a "W" as a warning.

** WARNING **

Issuing command marked with a "W" using a terminal may interrupt normal FDAS
control using PCDAS.

Command ASCII

Char equiv__ W Function
: 59 W  Subtracts 1 from a parameter or parameter block
pointer.
< 60 W Adds 1 to a parameter or parameter block pointer.

= 61 W Adds 10 to a parameter or parameter block pointer.

> 62 W Adds 50 to a parameter or parameter block pointer.

" 34 Displays memory contents of locations addressed by
the start address and range in ASCII.

‘ 39 Loads the start address and range.

% 37 W Control command to clear memory.

46 W  Execute control command. Two characters are normally
required to execute a Togger contol command.

$ 36 Returns the processor ID code in binary and the the
firmware version ID in ASCII.

' 44 Displays memory contents of locations addressed by
the start address and range in binary.

@ 64 Gives continuous scans of all 64 analeg channels
in ASCII. VUnits of scans are counts (0 to 255).

& 38 W Moves the logger into the parameter change mode,
Displays 16 bytes in ASCII showing the designated
parameter.

D.1



94
42
35
91

92
93
40
a1

Control command to clear the parameter block.
Control command to cause a warm reset of the logger.
Displays the parameter block in ASCII.

Transmits the first data record in memory in
binary.

Transmits the next data record in binary.
Re-transmits the previous record.
Sets pointer to first byte in start address.

Moves pointer to next byte.
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APPENDIX E

SAMPLE DATA CAPTURE RATE REPORT

Data Capture Report for Site Number 001

for

1986

il R e L el e el Ll ok e T g ———

A100A
A100A
B100B
B100B

A100A AO83A
A100A A100A
B100B B100B

B100B B100B
B100B B100B
B100B B100B
B100B B10OB
B100B B100B

BO798B

BCO8B B10OB
B100B B100B
B100B B100B

B100B B100B
B100B B10OB
B100B B104B
B100B B10OB

A100A
A0178B
B100B

B100B
B100B
B100B
B100B

B100B

B100B
B100B
B100B

B100B
B100B
B100B
B100B

B100B
B100B
B100B

A014A
A100A
B100B
B100B

B1008B
B100B
B100B
B100B

B100B
B100B
B100B
B100B

B100B
B100B
B100B

1-> 0

2-> 0

3-> 71.4

4-> 100

5-> 77.02

6-> 399.86



81008

7-> 100

8-> 98.25

9-> 100

10-> 100

11-> 80.42

12->-1.43

7/20 - 7/26 | B100B B10OB B10OB Bi0OB B1(QOB
7/27 - 8/ 2 | B100B B10OB B10OB B100B BlOOB
7/27 - 8/ 2

8/ 3 - 8/ 9 | B100OB B10OB B10OB B100OB B100B
8/10 - 8/16 | B100B B100OB B096B B10OB B100B
8/17 - 8/23 | B100B B100B B10OB B100OB B10OB
8/24 - 8/30 | B100B B100B B10OB B100B B100B
8/31 - 9/ 6 | B100B

8/31 - 9/ 6 B100B B100OB B100B B10OB
9/ 7 - 9/13 | B100OB B100B B10OB B100OB B10OB
9/14 - 9/20 | B10OB B100B B100B B10OB B100B
9/21 - 9/27 { B10OB B100B B100B B10OB B10OB
9/28 - 10/ 4 | B10OB B10OB B100B

9/28 - 10/ 4 B100B B100OB
10/ 5 - 10/11 | B10OB B100B B10OB B100B B100B
10/12 - 10/18 | B10OB B100B B10OB B100B B10OB
10/19 - 10/25 | B100OB B10OB B10OB B100B B100OB
10/26 - 11/ 1 | B100OB B100B B100B B10OB B100B
10/26 - 11/ 1

11/ 2 - 11/ 8 | B100B B100B B100OB B100B B10OB
11/ 9 - 11/15 | B10OB B10OB B10OB B10OB BO67B
11/16 - 11/22 | B104B B100B B100B B10OB B100B
11/23 - 11/29 BOO8B B100B B0O96B B100OB
11/30 - 12/ 6 | B10OB

11/30 - 12/ 6 B100B B100B B100B B100B
12/ 7 - 12/13 | B100B B10OB B100B B100OB B100B
12/14 - 12/20 | B100OB B100B B100B B100OB B100B
12/21 - 12/27 | B100OB B100OB B100B B10OB B100B
12/28 - 1/ 3 | B100B

Data Capture rate for 1986 is 68.79333

Parameter sets used this year
Parm Set  Reclen Intper
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APPENDIX F

SAMPLE ASCIT DATA FILE

DEG F DEG F DEG FCOUNTS WATTS
co1 Co2 Co6 Co8 C17
93 92 102 255 51

93 92 102 255 51

93 92 102 255 51

93 92 102 255 51

92 92 102 255 51

92 92 102 255 51

92 92 102 255 51

91 91 102 255 51

a1 91 101 255 51

91 91 101 255 51

91 91 101 255 51

g1 g1 101 255 51

80 91 100 255 51

90 91 100 255 51

90 90 100 255 51

90 90 100 255 51

90 90 100 255 51

90 90 100 255 51

89 90 99 255 51

89 90 99 255 51

89 89 99 255 51

99 255 51
89 89 99 255 51
89 89 99 255 51
89 89 99 255 51
89 89 99 255 51
89 89 99 255 51
89 89 99 255 51
89 89 99 255 51
89 89 98 255 51
89 89 98 255 51
89 89 98 255 51
89 89 98 255 51
89 89 98 255 51
89 89 98 255 51
88 89 98 255 51
88 89 98 255 51
88 89 98 255 51
88 88 98 255 51
88 88 98 255 51
88 88 98 255 51
88 88 98 255 51
88 88 98 255 51

LOG DAY SEC MIN DQ
2272 895 15
2272 1795 30
2272 2695 45
2272 3595 60
2272 4495 75
2272 5395 90
2272 6295 105
2272 7195 120
2272 8095 135
2272 8995 150
2272 9895 165
2272 10795 180
2272 11695 195
2272 12595 210
2272 13495 225
2272 14395 240
2272 15295 255
2272 16195 270
2272 17095 285
2272 17995 300
2272 18895 315
2272 19795 330
2272 20695 345
2272 21595 360
2272 22495 375
2272 23395 390
2272 24295 405
2272 25195 420
2272 26095 435
2272 26995 450
2272 27895 465
2272 28795 480
2272 29695 495
2272 30595 510
2272 31495 525
2272 32395 540
2272 33295 555
2272 34195 570
2272 35095 585
2272 35995 600
2272 36895 615
2272 37795 630
2272 38695 645

Pt et et ok ok ok ok ok ok ok ok ok ok ok ko kot ok ok ok ok ok ok ok f ettt ok pd et ek e ek ek ek b e e
o000 OOOOOoOOoOOOO0OC0COOOOOCOOOOOOoOoOooOOOOOOoOOOOQOOOO
oo
o
o
(V)
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APPENDIX G

SAMPLE CKSUM PROGRAM QUTPUT

Check sum equation checker. Version 1.0
- 02-05-1987  22:25:25

Channel data file :2WID2052.DAT
Check sum equation file :SITEDAT\BSITE002.SUM
Qutput file name :2WID2052.CKS

1 5VREF Co8 COUNTS 1.1

2 PNLCZDMAINA C09 WATTS 430.8
3 PNLCADMAINB C10 WATTS 433.4
4 PNLCE&DMAINC C11 WATTS 430.8
5 EXHAUSTFANA (12 WATTS 75.3
6 EXHAUSTFANB C13 WATTS 74.7
7 EXHAUSTFANC Cl14 WATTS 75.0
8 REFRIGA C15 WATTS 43.4
9 REFRIGB Cl6 WATTS 43.5

10 REFRIG-C Cl7 WATTS 43.1
11 KITPLUGS-A  C18 WATTS 106.4
12 KITPLUGS-B  C19 WATTS 107.1
13 KITPLUGS-C  C20 WATTS 107.0
14 STMCOOKEQ-A (21 WATTS 251.7
15 STMCOOKEQ-B (22 WATTS 251.7
16 STMCOOKEQ-C C23 WATTS 252.9
17 RT FRYER-A (24 WATTS 39.4
18 RT FRYER-B C25 WATTS 39.9
19 TILTGRILL-A C26 WATTS 74.8
20 TILTGRILL-B C27 WATTS 74.7
21 H&V UNIT-A (28 WATTS 40.0
22 H&V UNIT-B  C29 MWATTS 53.1
23 H&V UNIT-C  C30 WATTS 53.1
24 STACKOVEN-A (31 WATTS 74.3
25 STACKOVEN-B (32 WATTS 75.0
26 STACKOVEN-C (33 WATTS 74.0
27 MEALLINE-C (34 WATTS 22.3
28 MEALLINE-A  C35 WATTS 22.2
29 PNLFIJMAINA C36 WATTS 424.6
30 PNLFIJMAINB C37 WATTS 429.8
31 PNLFIJMAINC C38 WATTS 424.3
32 TILTGRILL-A C39 WATTS 40.0
33 TILTGRILL-B C40 WATTS 40.0
34 TILTGRILL-C C41 WATTS 40.3
35 LFTFRYER-B  C42 WATTS 39.9
36 LFTFRYER-C  C43 WATTS 39.9
37 DSHWSH-A C44  WATTS 213.6
38 DSHWSH-B C45 WATTS 213.6



39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

DSHWSH-C
EXHFANS -A
EXHFANS-B
EXHFANS-C
SNAKLINE-A
SNAKLINE-B
SNAKLINE-C
SNAKGRID-A
SNAKGRID-B
SNAKGRID-C
MISC FRIG-B
MISC FRIG-C
MEALLINE-A
MEALLINE-B
MEALLINE-C
MEALGRID-A
MEALGRID-B
MEALGRID-C
MISC FRIG-A

Ca6
C47
c48
c49
€50
€51
€52
€53
C54
C55
€56
C57
C58
€59
€60
€61
C62
C63
C64

WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS
WATTS

212.7
42.8
33.7
52.7
135.7
135.2
106.8
52.7
53.4
52.9
26.8
26.8
160.3
159.3
160.4
52.7
53.0
52.5
26.4

Check Sum equations and resolutions :

C: C11 = C14 + C17 + C20 + C23 + C30 + C33 + C57 res: 430.8

No records have been excluded due to suspected reversed CTs.
No channel rescaling was selected
Negative channel data has been treated as zeros.

Channel

Minima

Min Res. Maxima Max Res.
232 255 232
21 30592 71
19 28177 65
18 23267 54
8 678 9

6 523 7

g 750 10
43 3433 79
45 3394 78
41 3106 72
1 958 9

1 214 2

0 857 8

8 15607 62

b 11831 47

7 12393 49

0 3353 85

0 3279 82

D 8905 119
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27 0 0 8891
28 1242 31 1522
29 1276 24 1595
30 1648 31 1967
31 0 0 5797
32 0 0 4278
33 0 0 6441
34 1205 54 1540
35 534 24 1001
36 849 2 22930
37 1290 3 27943
38 849 2 23761
39 0 0 921
40 0 0 3561
a1 0 0 3669
42 0 0 4399
43 0 0 4559
44 0 0 15812
45 0 0 15385
46 0 0 12762
47 214 5 471
48 169 5 438
49 370 7 634
50 407 3 4344
51 271 2 4329
52 0 0 1603
53 0 0 1848
54 0 0 1817
55 0 0 2965
56 54 2 1154
57 885 33 1905
58 0 0 2565
59 478 3 5417
60 321 2 4973
61 0 0 3533
62 0 0 3025
63 0 0 2732
64 874 33 1933

e L L | R ———

-------------------------------------

2.75 Days of data
There were 0 dead channels

1 bad records / 66 good records

1.52 %

1 records excluded due to bad reference voltage readings
0 records excluded due to suspected reversed CTs
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14 17 20 23 30 33 57
14 17 20 23 30 33 57

2053 840 14650 15138 -488
2053 900 16804 17340 -536
2053 1020 10772 11429  -657
2053 1200 11634 12157 -523
2053 1260 11203 11912 -709
2053 1380 7756 8245 -489
2054 300 8187 8663 -476
2054 480 19389 19830 -441
2054 540 21975 22723 -748
2054 600 21544 22127  -583
2054 720 17235 17808 -573
2054 900 15942 16538 -596
2054 960 11634 12294 -660
2054 1080 9910 10553 -643
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Distribution of failed records

% Negative:
% Positive:

Total

Average #

Negative:
Positive:

Both

Average #

Negative:
Positive:

Both

Maximum #

Negative:
Positive:

of

of

of

48.48
0.00
48.48

resolutions difference ALL records

1.003
0.000
1.003

resolutions difference for FAILED records

1.324
0.000
1.324

resotutions difference for ALL records

Last occurred at # of

Res Day Minute occur
1.74 2054 540 1
0.00 0 0 1
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Percent

% 10 20 30 40 50 60 70 80 90 100
1000 CLL | *w sk kb ek ok bk kb okt
100.0 €14 = e vk % e e e 7 9 F¢ 5 e sk e e 7k e e 7k e 5 o sk T vk vk 3 i e e ok e o e i e e ke e v e e e e e e ke
100.0 C17 dededkddddk ko kddkdkkh ko hkkkd ok hddkdkk kR kdkdkk
62.5 C20 |F*H*wrirdddddokdddkddoiidhdkikkkddkkhk
100.0 C23 Wl kdedededr kW W dk ke ke drdde Wk ok ki ke ke ke ek ke ke
100.0 C30 3 e e e v o e e e % o e g d e v s e sk 3k 3 T ke 3k e e o e e ok ok e e 3k ok e o e e do o ok ok ok
03,8 (€33 [ F*kddodrktdes b dokdedok oo kb e ke de sk dededeod ok b il ek e e ok
100.0 Ck7 e e vk i e Jr e e e vk v e v e e e e ke e e e e ke e vk ok e e ok ok e e i ok ol v e o v ok e e ke e e ve ek
Percent time | diff | > resolution when channel is on
% 10 20 30 40 50 60 70 80 90 100
18.5 Cl] |*wwkbwwawbnmbwsionrwsnns
48 .5 C14 |**wdddsddddcdioniiiordoiok ko
48.5 C17 Fe e gk drdrve v dede v vk Ak dook ke vk ke o
42 .6 C2Q |Fhkseddeddddddhkdddddkk
48,5 (23 [*xxdddkksdddkddk ik kdhsk*
48.5 C3Q | ek dodrdede & ordokok
0.8 £33 |*wkwkdkkddddkdhkhhkddkkdr
48 .5 (57 | ks ok sk ok dede sk
Distribution of errors given in # or resolutions, Average: -1.003
% bin 10 20 30 40 50 60 70 80 90
100
0.0 [ -2.5, -2.0]
10.6 [ -2.0, -1,5] |***x=
37.9 [ -1.5, ,1‘0] dededede ke e de sk e dede e v e e ok
42 .4 i _1_0' _0.5] 3 A ek v ok ek A e ke e ke ok ke
9.1 [ -0.5, 0.0] [***=*
0.0 [ 0.0, D.5]
0.0 [ 0.5, 1.0
0.0 [ 1.0, 1.5]
0.0 [ 1.5, 2.0]
0.0 [ 2.0, 2.5]

time channel is on when | diff | > resolution
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Most Extreme Differences for equation C
(based on % time |diff| > resolution when channel is on)

Fewer than 5 positive differences
Most negative differences (40 % criterion)

Ratios: (power + difference/power)

Records 1 2 3 4 5
Day 2054 2053 2052 2052 2054
Min 540 1260 1440 1380 960

Diff -748 -709 -697 -676 -660
Cl1 1.034 1.063 1.081 1.063 1.057
Cl4 0.003 0.055 0.071 0.099 0.120
C17 0.729 0.707 0.712 0.725 0.778
C20 0.127 -0.325 0.000 0.000 0.230
C23 0.940 0.852 0.606 0.852 0.739
C30 0.574 0.619 0.614 0.626 0.612
C33 0.703 -0.597 -0.047 0.000 0.595
C57 0.557 0.355 0.634 0.640 0.643

Power: (channel values)

Records 1 2 3 4 5
Day 2054 2053 2052 2052 2054
Min 540 1260 1440 1380 960

Diff -748 =709 -697 -676 -660
C11 21975 11203 8618 10772 11634
Cl4 750 750 750 750 750
C17 2761 2416 2416 2459 2977
C20 857 535 0 0 857

€23 12393 4806 1770 4553 2529
€30 1755 1861 1808 1808 1701
€33 2517 444 666 0 1629
€57 1690 1100 1905 1878 1851
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