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Stable32

Introduction

Stable32 is a 32-bit PC program for the analysis of frequency stability. It
allows the entry and editing of phase and frequency data, the calculation of
stahility statistics, and the plotting and printing of phase, frequency and stability
data. Stable32 runs under Microsoft Windows 95/NT or higher, and requires a
200 MHz Pentium-class computer with a CD drive, 32MB of RAM and a XGA
color monitor. A graphics printer is needed for text and graphics printouts.
Genera help information is available via the F1 key, or by accessing the Help
menu or toolbutton, while context-sensitive help is available by pressing the
Help button within a particular function. Complete information about the
Stable32 program is available in the User Manual.

Stable32 uses the GraphiC scientific plotting package under the terms of a
royaty license agreement with Scientific Endeavors Corporation, Kingston, TN
37763. 1t may include the PlayW program for replaying the *.TKF graphics
files produced by GraphiC
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Features

Stable32 file manipulations include entering and opening phase and frequency
files, combining data files, and storing all or a portion of a data array. Datais
stored in space or comma-delimited multicolumn ASCII formet, with gaps
denoted by avaue of zero.

Editing features include displaying, printing changing, correcting, converting,
scding, insarting, or deleting data, or removing outliers, filling gaps and adding
timetags.



Plotting can be done for al or a portion of the data, with automatic or user-
defined scales, titles and annotations.

Stable32 includes provisions for the generation of simulated power-law clock
noise with the desired offset, stability and drift. It also has a function for the
conversion between time and frequency domain measures of frequency
dability.

License
A license is hereby granted to the purchaser for the use of this program.
Stable32 may be ingtdled on any number of computers within the immediate
user group that purchased it, and backup copies may be made, but only one
copy of the program may be used at any time. Additiona copies may not be
distributed to others.

This program has been extensively tested, but it is never possible to declare a
program completely bug-free. No warranty is made, nor is any ligility
assumed, in connection with the use of the program.

Support
Support for the Stable32 program is available from:
W. J. Riley Telephone:
Hamilton Technical Services 978-468-3703
195 Woodbury Street Fax: 978-626-3006

S. Hamilton, MA 01982 USA E-Mail: stable32@wriley.com

On-line support, including tutoria papers, test data and updates, is available
from the Hamilton Technica Services web site at:

http://www.wriley.com

Installation

Installation
Stable32 is digtributed with a standard Windows installation program called
SETUP.EXE, which should start automatically when the CD is inserted into the
drive. To ingtall Stable32 manualy, use the Add/Remove Programs applet in
Control Panel under Start/Settings, or smply execute DASETUP from
Start/Run (where D is the drive letter of your CD drive). By default, this will
create afolder called STABLE32 under the C:\Program Files directory on your
hard disk, and will copy and decompress al the Stable32 filesto it. No changes
will be made to the Windows Registry, WIN.INI or any other system files
except to create a Stable32 program group containing an icon for Stable32.
Only about 5 MB of disk spaceis required. Use the included uninstall program
to remove the Stable32 program files (any user-generated files must be

removed manudly).

Files

The Stable32 ingtallation comprises the following files, which are dl located in
the STABLE32 directory. Please examine the README.TXT file for any

supplementary information. 1t may be read with Notepad.

Executables:

STABLE32.EXE PLAYWNT.EXE* 5110COMM.EXE*
Dynamic Link Libraries:

DTBL32.DLL FREQC32.DLL GPCWDLL.DLL
GPCWDRVN.DLL LICENS32.DLL CGM.DLL
HPGL.DLL POSTSCR.DLL TIFF.DLL
SCODL.DLL PIC.DLL GEM.DLL
GraphicC Fonts:

BLOCK.FNT COMPGRMA.FNT COMPITAL.FNT
COMPLEX.FNT COMSCR.FNT DUPLEX.FNT
ENGOTH.FNT MATRIX.FNT MICROB.FNT
MICROG.FNT NEWS.FNT NEWSGRM.FNT
RUSSIAN.FNT SIMGRMA.FNT SIMPLEX.FNT
SIMSCR.FNT SWISSFNT SWISSBIT.FNT
SWISSBLD.FNT SWISSITL.FNT SWISSN.FNT
TRIPITAL.FNT TRIPLEX.FNT

Help Files:

STABLE32.HLP GRAPHICW.HLP PLAYW.HLP*
5110COMM.HLP*

Sample Data:

FREQ.DAT PHASE.DAT SAMPLE.DAT
TST_SUIT.DAT NBS.DAT NOISEPIX.TKF
Miscellaneous:

MESSAGES.TAB MESSAGES.DAT HDR.TIF
HDR1.POS HDR2.POS STABLE32.INI
README.TXT 5110COMM.INI*



Documentation:
MANUAL.PDF
FUNCTIONS.PDF

* = Optiond Fle

WELCOME.PDF

CHART.PDF

Program Model

Overview
The Stable32 program is based on a smple main window with a number of
modal dialog boxes to implement the functions. These functions manipulate
phase or frequency data arrays. The overal approach is similar to that used in
the popular Stable/DOS and Stable/Win programs.

Main Window
The main window is empty except for menu and toolbar rows at the top, and
status bar rows at the bottom. The menu and toolbar provide the command
interface, while the status bar displays information about the current phase and
frequency data.

Dialog Boxes

Moda didog boxes support all of the Stable32 functions. These child windows
use a congistent button naming convention. The OK and Cancel buttons either
accept or rgject any changes that have been made, while the Calc and Close
buttons contral functions that can be either repeated or ended. All of the
Stable32 didog boxes may be closed with the Escape key. Other standard
Windows buttons and controls are used as appropriate for the particular
function.

The use of default buttons is avoided so that the Enter key can be used to
terminate edit control entries. This causes the entry to be reformatted and
checked for validity.

The only modeless dialog boxes are those for the Find and Replace functions.

Data Arrays

The basic Stable32 idiom is a pair of phase (redly time) and frequency data
arrays, x[i] and y[i] respectively, where the index i refers to data points equaly-
spaced in time. These usudly contain equivalent data, and conversions
between them are provided. The x values have units of time in seconds, and the
y vaues are (dimensionless) fractional frequency, Df/f. The x(t) time
fluctuations are related to the phase fluctuations by f (t) = x(t) x2pno, where ng
isthe carrier frequency in Hz. Both are commonly called "phase” to distinguish
them from the independent time variable, t. The data sampling or measurement
interval, to, has units of seconds. It is caled “tau” in many of the dialog boxes.
The analysis or averaging time, t, may be a multiple of to (t=mto, where m is
the averaging factor). If units other than seconds are used for tau, some of the
results (such as the FFT Fourier frequency scale) will not be correct.

In addition, there are corresponding phase and frequency timetag arrays.
These optional arrays are useful for data editing, but are not needed for
anaysis.



Results Display
Results are displayed in text controls without boxes.

Parameter Entry
Parameter entries are made in edit controls denoted by boxes. Default values
are offered for most entries, and these often provide the desired result. Entry
error trgpping is done either by correcting the vaue or displaying a didog box
showing the adlowable range. The program then restores the previous value
and positions the caret in the field for editing.

Menu Tree

Menu Tree

The Stable32 program uses the following menu tree:

Item Function

Description

File
- Open
. _%ve
-Add
- Read
- Print
- Exit

- Edit

- Convert

-Normalize

- Average

- Fill

- Regularize

. _&de

- Part

- Clear
Analysis

- Satistics

- Check

- Drift

- Sgma

-Run

- Power

- Histogram
Plot

- Phase

- Erequency
Generate

-Noise

- Timetags
Utility

- Cdendar

-Domain

- Inputs

-Play

- TSC5110A

- Stable32.ini

-Log

- Auto#
Options

- Configure

- Filenames

- Satus Bar

- About

- Index

-Using Help

- Stable on the Web
- Feedback

Open phase or frequency datafile

Save current phase or frequency data

Add datafileto current phase or frequency data
Read stability datafile

Print phase or frequency data

Exit Stable32 program

Edit phase or frequency data

Convert between phase and frequency data
Normalize phase or frequency data for zero mean
Combine datainto alonger averaging time

Fill gapsin phase or frequency data

Regularize data by using timetags to insert gaps
Scale phase or frequency data

Remove all except part of phase or frequency data
Clear phase or frequency data

Calculate basic statistics for phase or frequency data
Check frequency datafor outliers

Calculate drift for phase or frequency data

Calculate Allan deviation for phase or frequency data
Calculate stability statistics

Plot power spectrum of phase or frequency data
Plot histogram for phase or frequency data

Plot phase data
Plot frequency data

Generate simulated power law clock noise
Generate timetag data

Display aDOY/MJD caendar

Perform frequency -time domain conversions
Set input file scaling values

Replay a*.TKF plot file

Invoke the 5110Comm applet

Open Stable32 INI file

Open Stable32 log file

Execute automatic analysis script 1-3

Set Stable32 program configuration options
Set filenames
Opens submenu to access status bar controls

Display information about the Stable32 program
Display the general Help index

Display information about using Help

Access the Hamilton Technical Services web site
Send feedback re Stable32 viae-mail
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Status Bar

Purpose
The Status Bar is a permanent area a the bottom of the screen that displays
status information about the current phase and frequency data arrays. Some of
this information is editable.

The top row of the status bar displays either a prompt message about the
current operation, or shows the full filename of the active data plus the current
date and MJD. The active data type is selected with the Phase Data or Freq
Data radio buttons, or by clicking the L mouse button on their respective plots.
This row also shows the total # of pointsin each datafile. The next row shows
the file titles and the # of andysis points. The file title may be edited. The
bottom row shows the tau vaue, and the analysis start and end points. Those
parameters may aso be changed by entering the desired vaues into their
corresponding edit boxes.

The Stable32 status bar optionally shows small plots of the phase and frequency
data. Those plots are activated by the Status Plots checkbox of the Configure
function. The active status bar plot is red and the inactive one is black (which
can be made the active data type by clicking with the L mouse button). The
active plot may be zoomed in (centered on the position of the mouse cursor)
with the R mouse button, and un-zoomed out with the L mouse button. The
andysis limits change accordingly. The status plots are available only with
XGA (1024x768) or higher screen resolution, and then only if the main window
width is large enough.

The status bar also displays bitmaps for each data type to indicate (1) the data
has changed and is unsaved, (2) the data has corresponding timetags, and (3)
the analysis limits are restricted. The full anaysis limits may be restored by
clicking on the smdl button next to the analysis limit bitmap. A blue bitmap at
the top center of the status bar indicates when the two data arrays contain
corresponding data.
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Controls

The Status Bar contains the following controls:

Control Type Description
Phase Data  Radiobutton  Select the phase array as the active data array.

Freq Data Radiobutton  Select frequency array as the active data array.

Totd # Text Digplay the total # of pointsin the data array

Hle Text Display the current phase or freq datafile title.

# Text Display the # of analysis points.

Tau Edit Enter the averaging time, t, for the current
data.



Start Edit Enter the analysis start data point #.

End Edit Enter the analysis end data point #.
Plot Grgphic Show data plot between analysis limits.
Unmarked Button Restore full analysis range.

Bitmaps

Severa bitmaps appear on the status bar beside the Phase and Freq Data
buttons to indicate when the changed data is unsaved, when there are timetags,
and whether the anaysis limits are either restricted or too small. The latter
bitmap changes when the # of andysis paints is below the minimum. A button
to the right of the anaysis limit bitmap restores the full analysis range. A
bitmap at the top center of the status bar indicates when the phase and
frequency arrays contain equivalent data.

Operation
Click on the Phase or Freq button or plot to select the desired datatype. Enter
the Tau vaue (in seconds) that applies to the current phase and frequency
data. Optionaly, enter values for the corresponding Start and End analysis
point #siif it is desired to restrict the analysis to a portion of the data. Enter the
title (short filename) of the phase or frequency data in the File edit box. Right
and left click on the Plot to zoom and un-zoom the data display.

The Options - Status Bar menu items may be used to select status bar controls
from the keyboard.

Limits
The size of the phase and frequency data arrays is essentialy unlimited, and the
maximum number of data points that can be processed is determined mainly by
the computer memory and speed (as set by the MaxSize configuration
variable). Only the top status bar message displays the full filename drive and
path information. The tau value must be positive and greater than zero. The
start and end analysis point #s must be between 1 and the total # of data points.

Main Window
The Stable32 main window may be resized and repositioned by the usua
methods, and these settings will be saved when the program is closed and
reopened again. A narrow main window width will cause the status plots to be
eliminated, and a very narrow setting will make it difficult to operate the status
bar controls. The toolbutton and status bar controls automatically update
whenever the Windows system colors are changed.

Caution
Be certain to enter the correct tau value for the phase and frequency data.
Many of the conversion and andysis functions depend on this vaue to obtain
the correct results, so enter the tau value immediately after the datais opened.
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Data Format

Data Format

Stable32 data files are comprised of essentialy any number (513 in Student
Verson) of lines of numeric datain ASCII format, with each line terminated by
a carriage return/line feed. (Such a file can be read and edited with Windows
Notepad.) The data may be in integer, floating point, or exponentia format.
Each line can have 1 or more space or comma-delimited columns, and up to 8
columns can be processed. A value of zero is treated as a gap in the data.
Stable32 reads, processes and stores data in double-precision (15-digit) floating-
point format.

The Stable32 file reading routine is quite robust. It will read an input file with
any number of columns, and will alow selection from up to 8 columns of data
Additiona columns are simply ignored. One or more spaces or commas must
separate the columns, and each line may contain up to 1024 characters. A
single column is assumed to the phase or frequency data, which is automatically
loaded into the selected array. Multicolumn data opens a specia dialog box
where the desired columns for the data and (optional) timetags can be selected.
The last line of the file that contains a numeric (0-9) character determines the
number of columns, and first 80 characters are displayed for easy reference.
Non-numeric header and trailer lines at the top and bottom of he file are
ignored (including lines beginning with the UNIX-style # comment symbal).
Fields of numeric data in header rows may be read incorrectly, and require
subsequent editing, but they will not interfere with the reading of later rows of
actual data. Slashes (/) and colons (:), as used in dates (04/23/97) and times
(18:50), are converted to zeros (0) so that numeric data on the same row can be
read.

Provisions are included for ignoring a sdected # of non-numeric characters
from the beginning of each row of phase or frequency data asit isread. The
NonNums configuration variable sets the # of non-numeric characters that are
skipped at the beginning of each line of data. This value (normally 0) can be
used to read data files that contain non-numeric markers at the start of each
line.  This vaue can be sat in either the Configure dialog box or the
STABLE32.INI configuration file. Data files are parsed for numeric vaues
one line at atime, and a non-numeric character normally terminates the reading
of the current line. While this is desirable to reject comments, it will dso
prevent the reading of aline of actud data. Thus, if the data lines contain non-
numeric characters, the NonNums feature will alow them to be read.

The MaxSize configuration variable sets the maximum number of data points
that can be read without averaging. An attempt to load a file that is either
larger or too small (<3 points) will generate an error message. A larger file can
be processed with the Large Data File dialog box either by averaging it or by
loading only the first or last portion. A file that is smdler than 3 data points
cannot be meaningfully processed and is not read.
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Setting the Comma configuration variable with the Configure function or
directly in the [Preferences] section of the STABLE32.INI file allows commas
to be substituted for decimal pointsin data values.

Header
An optional header can be written at the top of phase and frequency datafiles,
as shown below, by checking the Header option in the Configure function.

File: C:\Data\PHASE. DAT
Date: 04/08/01 17:37:59
Type: Phase

Poi nts: 8192

Tau: 1. 000000e+000

This information can help to identify the data, and can be shown by pressing the
Display button in the Data File Opened diaog box when the file is subsequently
read. The header lines are ignored when the actual data is read, and are not
displayed in the timetag and data column fields of that dialog box.

Data Entry
Data entry is generally done within edit controls in didog boxes. A default
entry is usually presented, and it generally represents an acceptable choice, or a
way to abort the current function. The usual Windows editing keys apply .

Gaps & Outliers

Stable32 includes provisions for handling gaps and outliers that often occur in
time and frequency stability data. A vaue of zero (0) is treated asagap in a
Stable32 datafile, unless it is the first or last point of phase data. Stable32 data
files are simple vectors of equaly spaced phase (seconds) or fractiona
frequency (dimensionless) values. Gaps should be included to maintain the
proper implied time interval between measurements. The Stable32 analyss
functions will then produce meaningful results for data having gaps. The
andysis functions smply skip those points that involve a gap. For example, in
the caculation of the Allan variance for frequency data, if either of the two
points involved in the first difference is a gap, that Allan variance point is
skipped in the summeation.

Stable32 dso has provisions for filling gaps in phase or frequency data by
replacing them with interpolated values. Use the Fill function for this purpose.
Fill first removes any leading and trailing gaps. It then uses the two values
immediately before and after any interior gaps to determine linearly interpolated
vaues within the gap. Filling is recommended before using the modified and
time Allan variance functions, especially for frequency data, because these
calculations are much faster for gapless data.

Stable32 has a Check function for locating and removing outliers from
frequency data. While the definition of an outlier is somewhat a matter of
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judgment, it is important to find and remove such points in order to use the rest
of the data. Stable32 defines an outlier on the basis of its deviation from the
median of the data. The user may enter a deviation limit in terms of the median
absolute deviation. A 5s limit isthe default.  Thisisarobust way to determine
an outlier, which is then replaced by a gap. Automatic outlier removal is aso
provided, which iteratively applies this method to remove al outliers. It should
be an adjunct to, and not a substitute for, visual inspection of the data.

A message (controlled by the WarnZeroFreq configuration variable) can
displayed during phase data entry to warn of equal adjacent phase vaues,
which will result in zero frequency points that are treated as gaps.

Zeros
Besides their use to denote gaps, zeros can occur as actual data values. This
happens most often at the beginning and end of phase data, and those zeros are
not considered to be gaps. All other (embedded) zeros are considered as gaps
in phase data, as are al zeros in frequency data. To preserve such zeros as
actual values, change them to a value close to zero (e.g. 1e-99). The Find and
Replace feature of the Edit function may be used to make that subgtitution.

A zero vaue in frequency data can also occur as the result of the conversion of
two equal adjacent phase data points (perhaps because of limited measurement
resolution), and an optional warning message is available to flag this possbility
when phase data is read. This situation can be handled in the Convert function
by activating the option to adjust the value of the converted frequency point
from zero to 1e-99.

A certain number of zeros (gaps) can be inserted into, or deleted from, phase or
frequency data with the Edit After Highlighted Point feature of the Edit
function. This can be used to insert gaps that correspond to an interruption in
the data record. That process can be accomplished automaticaly for time-
tagged data with the Regularize function.

Caution
Header rows in adata file are not read and will be lost if the file is overwritten.

Unexpected results can occur if two adjacent phase data points are exactly the
same. This corresponds to zero frequency, and can cause anomalies in the
resulting stability anadysis. If converted to frequency data, the resulting zero
frequency data point will be treated as a gap unless the Adjust Zero Frequency
option is activated.

13
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Archive File Format

TSC Archive File Format

Timing Solutions Corporation (TSC) archive files have lines that start with
ether a$ or # symbol. The $ lines have 1 additiond field, the MJD for the
data on the following # lines. The MJD is a 18-character string comprised of a
5-digit integer part, a decimal point, and a 12-digit fractiond part. A sample $
line is as follows (where the $ is in 1st column and is followed by a single
space):

$ 48888. 612500000000

The # lines have 5 additional fields, a 1 or 2digit channel # between 1 and N
(the # of channels in the system), a 20-character clock ID string, and 3
numerica fields. The 1st number is the nomina clock frequency (in MHz) for
that channel. It isexpressed asal or 2-digit integer part, adecimal point, and a
15-digit fractiona part, thus forming a 17 or 18-character string. The 2nd and
3rd numbers are clock phase in cycles with respect to the offset reference
oscillator. The 2nd number is a rounded integer tag, while the 3rd has the full
precision with a decimd point and a 12-digit fractiona part. The integer parts
of these numbers grow with the beat note cycles of the offset oscillator, about
10 per second, so a 9digit fied is sufficient for about 3 years. Thus the 2nd
number string can have 9 characters, and the 3rd number string can have 22
characters. The number fields are each separated by 2 spaces. Including
spaces, the maximum length of a# lineis 79 characters. A sample#lineisas
follows (where #isin 1t column and is followed by a single space):

# Clock S/'N 0123456789 5.000000000000000 12007355
12007354. 000000000000

Raw clock time data (in seconds) is calculated by dividing the phase number by
the nominal frequency (in MHz). Corrected clock time is obtained from that
value by subtracting the corresponding vaue for the reference channel. This
subtraction removes the contribution of the common offset local oscillator.
Fractional frequency is, of course, the difference between two adjacent time
values divided by the time interva between them.

Archive File Processing

Clock data for a certain time span can be extracted directly from TSC archive
files by choosing the desired measurement and reference channels, and then
reading an archive file that has data for those sources during that period. TSC
archive file data can be processed either by using data from two measurement
channels (one serving as the reference), or by using the common offset local
oscillator (LO) as the reference. In the former case, the contribution of the
offset LO cancels out. Using the LO as the reference usudly requires that it
be synthesized from a standard source rather that being a free-running crystal
oscillator, but measurements against a low-noise crystal source can be an
advantage for short averaging times. An important feature of the TSC clock
measuring systemis that the reference
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for a particular measurement channel can be chosen &fter the fact, and asingle
archive file can provide data versus severa references.

Stable32 can process TSC archive data either between two measurement
channels or between a single channe and the offset LO. The latter is
accomplished by using a reference channdl # = 0.

Archive File Records
It is convenient to adopt the convention that, while a gap in the data for ll
channelsis a missing data point, a gap in the data for an individual measurement
channel represents the start of a new record.

Stable32 can process TSC archive data for a certain record #, for the last
record, for a span of MJD dates, or from a particular starting MJD to the end
of thefile.

Archive File Indexing
Locating the correct file and channel # for a certain clock is easier with an
index of the various measuring system transactions (a list of the test start and
end times, channel #s and record #s for each clock under test). Use the Index
option of the Read Archive function to generate an index for TSC archive files.
This generates and displays an ASCII file named ARCINDEX.DAT that may
be printed and/or searched for the desired clock data.

16

Filenames

Data Filenames

Stable32 data filenames follow the usual DOS conventions. While any names
can be used, the preferred extensions are .DAT, .PHD, and .FRD for general,
phase and frequency data respectively. A function that changes the data in
memory optionaly aters the extension to a number, which is then incremented
each time that the datais changed. Phase data numerical extensions are even,
and those for frequency data are odd. Automatic filename extension
incrementing helps keep track of changes and avoid overwriting previous data.
It is controlled by the Autoinc Filename Ext checkbox of the Configure
function. The filename of the current phase or frequency data file can be
changed by editing it directly in the corresponding edit control of the status bar
at the bottom of the screen.

Plot Filenames

A *.TKF plot file in Tektronix 4105 format is automatically written to the
current disk directory after each plot. The default names for these files are
PHASE.TKF, FREQ.TKF, SIGMA.TKF, SPECTRUM.TKF and HISTO.TKF
for phase data, frequency data, stability, power spectrum and histogram plots
respectively. These filenames may be changed as an option within their
respective Plot Options functions. A name of NOTEK will suppress the writing
of the* TKFfile.

Stability Filenames

A sahility file is optionaly written to the current disk directory at the end of
each stability run. This file contains a table of averaging time, # of anaysis
points, and minimum, nomina and maximum sigma information that can be
printed or re-plotted with the Read function. The default stability filename is
SIGMA.TAU, which may be changed in the Run Options diadlog box. Thisfile
is particularly useful to combine with other such files to create a composite
stability plot for multiple runs wsing data over a wide range of averaging times.
Writing of the stahility file is controlled by the Write Sigma File checkbox of the
Configure function.

17
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Timetags

Timetags
The Stable32 program supports the limited use of timetags to help manipulate
phase and frequency data. Timetag arrays are associated with each of the
phase and frequency arrays.

Timetag Usage

Timetags may be read from afile, or they may be generated automatically with
the Timetags function. Actua timetags may be used to identify interruptionsin
the data with the Regularize function, which can also insert gaps into the data at
these points. Generated timetags are suitable only for data inspection and
editing. The presence of timetags is indicated by a small yellow tag next to the
filename in the status bar. Timetags are not required for any of the analysis
functions. They may be stored to disk along with their corresponding data.

If there is timetag data, and no tau input from the STABLE32.INI file, then the
spacing of the first two timetags, scaed by the TagScale configuration file
value, is used as the default tau when a data file is opened. For example, MJD
timetags scaled by 86400 can be used to automatically set the tau value.

Timetag Editing
Timetag editing is not supported by the Stable32 program, but may be
accomplished by an external ASCII text-editing program such as Windows
Notepad.

Timetag Processing

Timetags are processed automatically by the Average and Part functions to
yield the correct values that correspond to the averaged or remaining data.
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Command Line Options

Purpose
Stable32 accepts severa command line options.  These options dlow phase,
frequency or archive data to be loaded, a certain tau value to be set, and an
automation script to be executed when the program starts.

Operation
The command line options may be entered directly from the command line,
from the Windows Start-Run prompt, or from a batch file. They are entered
immediately after the STABLE32 command that starts the program. The
command line options begin with a - (minus), and may be entered in upper or
lower case. Only one —O option should be used.

Command Description

-PFILENAME Automatically load the phase data file FILENAME

-F FILENAME Automatically load the frequency datafile FILENAME
-A FILENAME Automatically open the archive file FILENAME

-T TAU Automatically load the tau value TAU

-O SKIP Skip display of multicolumn & file opened didogs

-O AUTO# Execute automation script (# = script number 1-3)

Example
To dart the Stable32 program by loading a t=900 sec phase data file named
CLOCK.DAT, enter and execute the following statement from the
Windows95/NT command line:

STABLE32 -P CLOCK.DAT —T 900

Notes
The tau value set with the =T command line option applies to whichever type of
dataisloaded. It takes precedence over any tau value set with the PhaseTau=
or FreqTau= keyword items in the [Inputs] section of the STABLE32.INI
configuration file.

Phase, frequency and archive documents can be automatically opened by
Stable32 by associating an extension with a corresponding action that includes
the respective command line option. For example, to automaticaly opening a
* phd phase datafile, associate the phd extension with the phase action by using
c\Program Files\Stable32\Stable32.exe —f.

If afilename is entered on the command line without specifying the data type,
then Stable32 starts by invoking the Open Data File didog box with that
filename. This feature may be used by associating an extension with the
Stable32 program, and clicking on any such file. More than one association
may be used.
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The —O SKIP option alows skipping display of the multicolumn and file opened
dialog boxes when reading data with the —F or —P command. It uses the
default timetag (1¥) and data (2”") columns for 2-column data, and no scaling
factor is gpplied. Skipping is dways done when one of the three automation
scripts is invoked.

22

Automated Operation

Purpose
Stable32 operation can be fully automated by using the WinBatch package from
Wilson WindowWare, Inc., 5421 Caifornia Ave. SW, Seattle, WA 98136, 800-
762-8383, www.windowware.com.

Operation
WinBatch uses Windows Interface Language (WIL) *.WBT scripts. These
scripts can be created with a text editor or recorded automatically from a
sequence of keystrokes. They are then invoked from the command line or a
menu to automate Stable32 operation by sending the series of keystrokes to the
program. An example of a *.WBT script to plot frequency data is shown
below:

; Main menu Plot Frequency command: ALT P, F
SendKey("!PF)

; Plot Frequency function Plot command: P

If WinExist("Plot’) Then WinActivate('Plot’)
SendKey('P)

; Wait for plot to be drawn on screen

Delay(5)

; GraphiC menu File Plot command: ALT F, P

If WinExist("'Stable32 Main’) Then WinActivate(" Stable32 Main’)
SendKey("!FP)

; Wait for plot to be sent to printer

Delay(15)

; Graphic menu File Exit command: ALT F, X
SendKey("!'FX")

; Close Plot function with Escape: ESC

If WinExist("Plot’) Then WinActivate('Plot’)
SendKey("{ ESCAPE} )

Keystrokes corresponding to the ALT keyboard access codes for the Stable32
functions are sent via SendKey() statements. The "!" prefix denotes an ALT
key. WinActivate() statements are used to direct these keystrokes to the
appropriate window. The Delay() statements are needed to alow time for
GraphiC plotting and printing. The";" lines are smply comments.

See Also
See the WinBatch documentation for more information regarding these
programs and commands.

See the Auto# function for a limited means of stability analysis automation that
is built into the Stable32 program.
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Log File

Log File
A STABLE32.LOG file is automaticaly written to record a synopsis of dll
program activity during each run. This ASCII text file contains a line for each
mgjor function called. It gives a summary of the operation performed, and thus
can be used to document the steps performed during an analysis. An example
of aSTABLE32.LOG fileis shown below:

01/17/99 11:08 Stable32 Log File
01/17/99 11:08 Freq Data Opened: FREQ DAT
01/17/99 11:09 Freq Sigma: Type=Overl appi ng, AF=1,
Si gma=2. 922319e- 01
01/17/99 11:09 Freq Data Plot: C:\Stabl e32\ FREQ TKF
01/17/99 11:09 Stabl e32 C osed

The first two columns show the date and time in MM/DD/YY and HH:MM
format respectively. The text on each line describes the operation performed
and, as appropriate, a summary of the results obtained. A new log file is
written each time Stable32 is started, so the previous one must be renamed in
order to preserveit.
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Configure Function

Purpose

Use the Configure function to set certain options of the Stable32 program.
These options are stored in the STABLE32.INI configuration file.

Configure | x|

— Toolbuttons

—Read Flot Information ——

[~ Fhase

—Miscellaneous
¥ MWrite Sigma File v AutoCale
W Autoinc Filename Ext W AutoPlot
¥ Show File Openad ¥ Status Flots

tax Data File Size: I999999

# Mon-MNumerics to Skip: IEI

[" Freguency
=g [T Use comma() as decimal point
[ oE ¥ ‘Warn for Zero Freq Data
v Smart Plot Scales v Header
[ Spectrum
o e el
— Flot Label
¥ Label Flots Label: [Stable32 E
Controls
The Configure dialog box contains the fallowing controls:
Control Type Description
OK Pushbutton Accept the configuration changes &
close diaog box.
Cancel Pushbutton Abort the Configure function & close
didog box.
Hdp Pushbutton Invoke the Configure help topic.
Toolbuttons Group/Combo Select desired toolbuttons to appear

Read Plot Info Group

Phase Checkbox
Freguency Checkbox
Sigma Checkbox

on toolbar.

Select plots for which to read
configuration information.

Check to read configuration
information for phase data plot.
Check to read configuration
information for frequency data plot.
Check to read configuration
information for stability plot.
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Histogram Checkbox Check to read configuration
information for histogram plot.

Spectrum Checkbox Check to read configuration
information for spectrum plot.

Miscellaneous Group Miscellaneous options.

AutoCdc Checkbox Check to automatically cdculate
when function opened.

AutoPlot Checkbox Check to automatically plot when
function opened.

Write SgmaFile  Checkbox Check to write stability file after run.

Status Plots Checkbox Show status plots on status bar.

Autoinc Filename  Checkbox Check to increment filename

extenson when data changes.

Show File Opened Checkbox Check to show data plot and
information when file opened.

Status Plots Checkbox Show mini data plotsin status bar.

Max DataFile Size Edit Set maximum data file size to read

without averaging.

Use Comma(,) as Checkbox Use commainstead of decima point

Decimal Point for input data.

Warn for Zero Checkbox Display warning if two adjacent

Freq Data phase data points are equal.

Smart Plot Scales  Checkbox Use smart y-axis scales for data plots.

Header Checkbox Add header to

datafiles.

Labd Plots Checkbox Check to labd plots at bottom left.

Label Edit Enter text to appear as plot label.
Operation

Select the options desired and press OK to accept them or Cancel to abort.
The Miscellaneous and Toolbutton options take effect immediately, while
the Read Plot Information options will apply when the Stable32 program is
restarted. All of these options may also be changed by editing the
STABLE_W.INI configuration file.

The Phase, Frequency, Sigma, Histogram and Spectrum checkboxes
control automatic reading and saving of plot options, lines and notes when the
Stable32 program is opened and closed. This can be convenient for repetitive
manual anadysis or batch operations. Otherwise it is probably better to control
the retrieving and storing of plot information manualy with the individual Save
and Read buttons of the Plot and Run function Options, Lines and Notes diaog
boxes.

The Max Data File Size value does not represent a program limitation, but
rather is available as an option to bound the size of the data arrays. This is
useful to tailor the program to the particular computer memory and speed limits.
The Max Data File Size vaue limits the number of data points that can be
generated by the Noise function, and controls the opening of the Large Data
File didog box for averaging adatafile asit is read.
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Configuration File

Description

The STABLE32.INI file holds al the configuration data for the Stable32
program. The format of thisfile is that of a standard Windows *.INI file (such
as WINLINI). The [Section] items define the sections of this file, while the
Keyword=String items define the configuration information. Each keyword is
set equa to a string, which may be either a Boolean value (0 or 1) or an
unterminated string of characters (which may contain spaces). See Appendix
1V for more information about the STABLE32.INI configuration file.

Operation
Ordinarily, the reading and writing of STABLE32.INI is automatic, and it is not
necessary to edit it directly. However manua editing is useful in batch file
automation, and can be done from within the Stable32 program using the Pad
function. The changes will take effect the next time the Stable32 program is
started.

Caution
Stable32 may be run without a STABLE.INI file, but no toolbuttons will be
displayed. Use the Configure function b select the desired toolbuttons. A
STABLE.INI file will be generated automatically when the program is closed.
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Time Domain Stability

Time Domain Stability
Stable32 implements the following measures of time domain frequency stability:

Name Formula Description

Allan Variance s2(t) Based on square of 1<t differences of
fractional frequency deviation values.

Modified Allan Mod s?(t)  Based on square of 2nd differences

Variance of averaged phase deviation values.

Total Variance S20a(t) Based on square of 1<t differences of
fractional frequency deviations of an
extended data set.

Modified Totd Mod s, (t) Based on square of 2nd differences

Variance of averaged phase deviations of an
extended data set.

Time Variance S2,(t) Equal to (t%/3) - Mod Allan variance.

Hadamard Variance Hs?2(t) Based on square of 2nd differences
of fractional frequency values.

Hadamard Total Hs?,(t) Based on square of 2nd differences

Variance of fractional frequency values of an
extended data set.

These are al members of the 2sample or Allan variance family except the
Hadamard variance, which is a 3-sample variance that rejects linear drift.

Allan Variances
The most common time domain stability measure is the Allan variance
(AVAR), s?(t), which gives a value for the fractiona frequency fluctuations
as a function of averaging time, t. The other common time domain stetistics
are the modified Allan variance (MVAR), Mod s?2(t) and the time variance,
s2,(t). The modified Allan variance is better able to distinguish between white
and flicker phase noise. The time variance (TVAR), s(t) measures the time
fluctuations of a source or time distribution system. These quantities are usualy
expressed as their square roots ADEV, sy(t), MDEV, Mod s,(t) and TDEV,
Sx(t). They are dimensionless except for the latter, which has units of seconds.

The Allan variance can be caculated by either the normal or overlapping
method. The latter provides better statistical confidence at the expense of a
minor increase in computation time.  The results can be shown for asingle t,
over arange of octave or decade t spacings, or at every t for which there is
sufficient data.
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Total Variances
The standard and modified total variances are similar in purpose and expected
vaue to the Allan and modified Allan variances but use extended data sets to
provide improved confidence at larger averaging factors. The tota, and
particularly, the modified total variance can take a long time to compute.
Similarly, the Hadamard total variance is a tota verson of the Hadamard
variance.

Hadamard Variance

The Hadamard variance is a 3sample variance that is similar to the 2sample
Allan variance. It examines the 2nd difference of the fractional frequencies,
the 3rd difference of the phase variations. Because of this, the Hadamard
variance, HVAR or Hs?(t), converges for the FHlicker Walk FM (a = - 3) and
Random Run FM @ = - 4) power-law noise types. It is also unaffected by
linear frequency drift. The Hadamard variance can be calculated by either the
norma or overlapping method. The latter provides better statistical confidence
at the expense of somewhat increased computational time.
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Allan Variance

Allan Variance

The norma Allan, or 2sample variance, AVAR, is the most common time
domain measure of frequency stability. It is defined as:

M-1
2 [] 2
S (t ) = a y - y ’
y 2(M _ 1) i:l[ i+l I]
where y(i) is the ith of M fractional frequency values averaged over the
measurement interval t.

In terms of phase data, the Allan variance may be calculated as:

1 "6 2 2
2
si(t)= - 2%+ x|,
y Z(N _ Z)t 2 g[xuz X|+1 XI]

where x(i) is the ith of the N = M+1 phase values spaced by the measurement
interval t.

The result is usually expressed as the square root, s2,(t), the Allan deviation,
ADEV. The Allan variance is the same as the ordinary variance for white FM
noise, but has the advantage, for more divergent noise types such as flicker
noise, of converging to a vaue that is not dependent on the number of samples.
The confidence interval of an Allan deviation estimate is also dependent on the
noisetype, but is often estimated as +s(t )/ON.
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Overlapping Allan Variance

Overlapping Allan Variance
The overlapping Allan variance is a form of the normal Allan variance, s2(t),
AVAR, that makes maximum use of a data set by forming dl possible fully
overlapping samples a each averaging time t. It can be estimated from a set
of M frequency measurements for averaging time t = mto, where m is the
averaging factor and t o is the basic measurement interval, by the expression:

1 M-2m+l  j+m-1

2mP(M - 2m+1) ?}1 f"l [Yim- 9]

syt)=

In terms of phase data, the overlapping Allan variance can be estimated from a
set of N = M+1 time measurements as:

N-2m

2 é- [Xi+2m - 2Xi+m + Xi]Z’

L1
SyO= 5N ome @

The result is usually expressed as the square root, Sy(t), the Allan deviation,
ADEV. The confidence interval of an overlapping Allan deviation estimate is
better than that of a normal Allan variance estimation because, even though the
additiona overlapping differences are not al datidicaly independent, they
nevertheless increase the number of degrees of freedom and thus improve the
confidence in the estimation. Analytical methods are available for calculating
the number of degrees of freedom for an overlapping Allan variance estimation,
and using that to establish single or double-sided confidence intervals for the
estimate with a certain confidence factor, based on Chi-squared statistics.

Sample variances are distributed according to the expression:

df - &
c2= YoYaYa,
SZ

where c2 is the Chi-square, ¢ is the sample variance, s2 is the true variance,
and df is the # of degrees of freedom (not necessarily an integer). The df is
determined by the # of data points and the noise type. The Stable32 program
includes those procedures for the overlapping Variance function.
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Modified Allan Variance

Modified Allan Variance
The modified Allan variance, Mod s?(t), MVAR, is another common time
domain measure of frequency stability. It is estimated from a set of M
frequency measurements for averaging time t=mt o, where m is the averaging
factor and t o is the basic measurement interval, by the expression:

2

1
[yk+m - yk] ’

+2  j+m-l
(o]

1 'y
omf(M-3m+2) &4 &

Qo3

Mods 2,(t ) =

=~
i

In terms of phase data, the modified Allan variance is estimated from a set of N
= M+1 time measurements as:

1 N-3m1 j+m1

N & & D Xt x]

Mods % (t ) =

The result is usualy expressed as the sguare root, Mod s,(t), the modified
Allan deviation. The modified Allan variance is the same as the norma Allan
variance for m = 1. It includes an additiona phase averaging operation, and has
the advantage of being able to distinguish between white and flicker PM noise.
The confidence interval of a modified Allan deviation determination is aso
dependent on the noise type, but is often estimated as +s ,(t)/ON.

37



38

Time Variances

Time Allan Variance
The time Allan variance, TVAR, is a measure of time stability based on the
modified Allan variance. It is defined as:

s2,(t) = (t#/3)-Mod s?,(t).
The time Allan variance is equa to the standard variance of the time deviations
for white PM noise. It is particularly useful for measuring the stability of atime
digtribution network.

Time Total Variance
The time total variance, TTOT, is a sSimilar measure of time stability based on
the modified total variance. It is defined as:

s2(t) = (t2/3)Mod S%ga(t).
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Total Variance

Total Variance

The total variance, TOTVAR, is a relatively new gtistic for the anaysis of
frequency stability. It is smilar to the 2sample or Allan variance, and has the
same expected value, but offers improved confidence at long averaging times.
The work on total variance began with the realization that the Allan variance
can "collapse” at long averaging factors because d symmetry in the data. An
early idea was to shift the data by 1/4 of the record length and average the two
resulting Allan variances [1]. The next step was to wrap the data in a circular
fashion and calculate the average of al the Allan variances at every basic
measurement interval, t, [2, 3]. This technique is very effective in improving
the confidence at long averaging factors but required end matching of the data.
A further improvement of the total variance concept was to extend the data by
reflection, first at one end of the record [4] and then a both ends [5]. This
latest technique, caled TOTVAR, gives a very sdignificant confidence
advantage at long averaging times, and is an important new generd statistical
tool [6]. TOTVAR isdefined for phase data as:

N-1
o] * * * 2
A[Xim- 2+ X im| |

1
Totvar(t) = m
- i=2

wheret = mt,, and the N phase values x measured att = t, are extended by
reflection about both endpoints to form a virtual sequence x* fromi=3Ntoi =
2N-2 of length 3N-4. The origina dataisin the center of x* withi =1to N and
x*=X. The reflected prtions added at each end extend from j = 1 to N-2
where X* 1j = 2X1-Xg4+j and X* n+j = 2XN-Xn-j-

Totvar can also be defined for frequency data as:

' . P2
Totvar(t)=ma[yi+,-+1- yi+,-] ,
i=1

where the M = N-1 fractional frequency values, y, measured att =t, (N phase
values) are extended by reflection at both ends to form a virtua array y*. The
origina datais in the center where y*, = y; for i = 1 to M, and the extended data
forj=1toM-1lisequa toy*1; =y and y*m+1 = Ym+1-

The result is usualy expressed as the square root, s.«(t), the tota deviation,
TOTDEV. When caculated using the doubly reflected method described
above, the expected value of TOTVAR is the same as AVAR for white and
flicker PM or white FM noise. Bias corrections of the form 1/[1-a(t/T)],
where T is the record length, need to be applied for flicker and random walk
FM noise, where a=0.481 and 0.750 respectively.
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The number of equivalent C2 degrees of freedom for TOTVAR can be
edimated for white FM, flicker FM and random wak FM noise by the
expression b(T/t)-c, where b=1.500, 1.168 and 0.927, and c=0, 0.222 and 0.358
respectively. For white and flicker PM noise, the edf for a tota deviation
estimate is the same as that for the overlapping ADEV with the number of C2
degrees of freedom increased by 2.

Stable32 supports the calculation of TOTDEV from phase or frequency data
with the Total option under the Sigma and Run Menus. The caculation is
always done from phase data by the doubly reflected method that does not
require endpoint matching.  The Sable32 implementation follows the recipe
described by D.A Howe and C.A Greenhall in Eq. (3) of reference 5 below.

References
The following references trace the development of the TOTVAR dtigtic:

1. D.A. Howe, "An Extension of the Allan Variance with Increased
Confidence a Long Term," Proc. 1995 |IEEE Int. Freq. Cont. Symp., June
1995, pp. 321-329.

2. D.A. Howe and K.J. Lainson, "Simulation Study Using a New Type of
Sample Variance," Proc. 1995 PTTI Mesting, Dec. 1995, pp. 279-290.

3. D.A. Howe and K.J. Lainson, "Effect of Drift on TOTALDEV," Proc. 1996
Intl. Freg. Cont. Symp., June 1996, pp. 883-889.

4. D.A. Howe, "Methods of Improving the Estinmation of Long-term
Frequency Variance," Proc. 1997 European Frequency and Time Forum,
March 1997, pp. 91-99.

5. D.A. Howe and C.A. Greenhall, "Total Variance: a Progress Report on a
New Frequency Stability Characterization," Proc. 1997 PTTI Meeting, Dec.
1997, pp. 39-48.

6 D.B. Perciva and D.A. Howe, "Tota Variance as an Exact Analysis of the
Sample Variance", Proc. 1997 PTTI Meeting, Dec. 1997, pp.97-105.

7. CA. Greenhal, D.A. Howe and D.B. Percival, "Totd Variance, an
Estimator of Long-Term Frequency Stability”, August 11, 1998, (to be
published - available on the Hamilton Technica Services web site).

8. D. Howe and T. Peppler, “Definitions of Tota Estimators of Common
Time-Domain Variances’, Proc. 2001 Intl. Freg. Cont. Symp., June 2001,
(to be published).
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Modified Total Variance

Modified Total Variance
The modified total variance, MTQT, is another new statistic for the anaysis of
frequency stability. It is similar to the modified Allan variance, MVAR, and has
the same expected vaue, but offers improved confidence at long averaging
times. It uses the same phase averaging technique as MVAR to distinguish
between white and flicker PM noise processes.

An MTOT calculation, as described in reference [1] below, begins with an
array of N phase data points (time deviates, %) with sampling period t , which
are to be analyzed at averaging time t=mto. MTOT is computed from a set of
N-3m+1 subsequences of 3m points. First, a linear trend (frequency offset) is
removed from the subsequence by averaging the first and last halves of the
subsequence and dividing by hdf the interva. Then the offset-removed
subsequence is extended at both ends by uninverted, even reflection. Next the
modified Allan variance is computed for these 9m points. Finaly, these steps
are repeated for each of the N-3m+1 subsequences, caculating MTOT as their
overall average. These steps are shown in the diagram below:

Phase Data %,i=1to N

-<— 3m —>

N-3m+1 Subsequences: ® oo % e oo i=n to n+3m-1

Linear Trend Removed: X =x-¢ i, G=freq offset

9m
0, # _ 0, | o, #

# _ 0.
X T X X Xysame1 ‘| Xaeam 11 3m

Uninverted, Even Reflection: & & o 1 4 A T PRP

9 m-Point Averages: | | | | | | | | | |

6m 2nd Differences: T—T—T ceoeo

2 2 2
mod s, “(t) = 1/2 z, (m) , where

Extended Subsequence: 0

Calculate Mod s, 2(1) for Subsequence: _ _ _
Z,(m) = x,(M) - 2%, (M) + X, 5, (M)

Computationaly, the MTOT process requires 3 nested loops:
An outer summation over the N-3m+1 subsequences. The 3m-point
subsequence is formed, its linear trend is removed, and it is extended at
both ends by uninverted, even reflection to 9m points.
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An inner summation over the 6m unique groups of m-point averages from
which al possble fully overlapping 2 differences are used to calculate
MVAR.
A loop within the inner summation to sum the phase averages for 3 sets of
m points.

The find step is to scale the result according to the sampling period, to,
averaging factor, m, and number of points, N. Overall, this can be expressed
as:

mod Tot var(7) = . N_zfi“[i MZM_I(%"(m)ﬂ

2(}‘?1 T, )2 (N— 3m+1) n-1 om fmn-im

where the °z*(m) terms are the phase averages from the triply-extended
subsequence, and the prefix ° denotes that the linear trend has been removed.
At the largest possible averaging factor, m = N/3, the outer summation consists
of only one term, but the inner summation has 6m terms, thus providing a sizable
number of estimates for the variance.

References
The following reference describes the MTOT datidtic:

1 D.A. Howe and F. Vernotte, "Generdlization of the Total Variance

Approach to the Modified Allan Variance", Proc. 1999 PTTI Meeting,
Dec. 1999, (to be published).
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Hadamard Variance
The Hadamard variance is a 3sample variance that is similar to the 2sample
Allan variance. It examines the 2nd difference of the fractional frequencies,
the 3rd difference of the phase variations. Because of this, the Hadamard
variance, HVAR or Hs?(t), converges for the Flicker Wak FM (a = - 3) and
Random Run FM @ = - 4) power-law noise types. It is also unaffected by
linear frequency drift.

For frequency data, the Hadamard variance is defined as:

1 N2 2
EGJTESQJMQ-ZMH+M],

where y(i) istheith of M fractiona frequency vaues at averagingtimet .

Hsi(t)=

For phase data, the Hadamard variance is defined as:

1 "o 3 2
HS2(t) = —5——a [Xua- 3o +3%1- X[
y 6t2(N_3) i:l[XI3 2 Xll XI]

where x(i) isthe ith of N = M+1 phase values a averaging timet.

Like the Allan variance, the Hadamard variance is usudly expressed as its
square-root, the Hadamard deviation, HDEV or Hs(t).

Note: The Picinbono variance is asmilar 3-sample gtetistic. It isidenticd to the
Hadamard variance except for a factor of 2/3.
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Overlapping Hadamard Variance

Overlapping Hadamard Variance
In the same way that the overlapping Allan variance makes maximum use of a
data set by forming al possble fully overlapping 2-sample pairs at each
averaging time t, the overlapping Hadamard variance uses al 3-sample
combinations. It can be estimated from a set of M frequency measurements
for averaging time t = mt o, where m is the averaging factor and t, is the basic
measurement interval, by the expression:

1 M—grml j+°m—1[ ]
a a. yi+ m” 2yi+m + yi
6rn2(M = 3m+1) j:l i:j 2

wherey; istheith of M fractiona frequency values at each measurement time.

Hsi(t)=

In terms of phase data, the overlapping Hadamard variance can be estimated
from aset of N = M+1 time measurements as.

—a '+m-3'+m+3'+m_ il v
6(N _ 3m)t 2 i:]_[XI 3 XI 2 XI XI]

where x; istheith of N=M+1 phase values at each measurement time.

Hsi(t)=

Computation of the overlapping Hadamard variance is more efficient for phase
data, where the averaging is accomplished by simply choosing the appropriate
interval. For frequency data, an inner averaging loop over m frequency vaues
is necessary. The result is usually expressed as the square root, Hsy(t), the
Hadamard deviation, HDEV. The expected value of the overlapping statitic is
the same as the norma one described above, but the confidence interval of the
estimation is better. Even though dl the additional overlapping differences are
not datigtically independent, they nevertheless increase the number of degrees
of freedom and thus improve the confidence in the estimation. Analytica
methods are available for calculating the number of degrees of freedom for an
overlapping Allan variance estimation, and that same theory can be used to
edtablish reasonable single or double-sided confidence intervals for an
overlapping Hadamard variance estimate with a certain confidence factor,
based on Chi-squared statistics:

df df
S2nin=SXYa Vo Ya and SZ=SXVVaYaVa ,
c(p, df) c(1-p, df)

where c? is the Chi-sguare vaue for probability p and degrees of freedom df, s
is the sample variance, s2 is the true variance, and df is the # of degrees of
freedom (not necessarily an integer). The df is determined by the number of
data points and the noise type. The much smoother results it produces
compared with the norma Hadamard datistic (as shown in the plots below)
make it amore useful andyticd tool.
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The following references apply to the overlapping Hadamard statistic:

1. T. Walter, “A Multi-Variance Analysis in the Time Domain”, Proc. 24"
PTTI Meeting, pp. 413-424, December 1992.

2. S. Hutsdl, “Relating the Hadamard Variance to MCS Kaman Filter Clock
Estimation”, Proc. 27" PTTI Meeting, pp. 291-302, December 1995.
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Hadamard Total Variance

Hadamard Total Variance
The Hadamard total variance, HTOT, istotal version of the Hadamard variance
that rejects linear frequency drift and offersimproved confidence at long
averaging times. The algorithm for calculating the Hadamard total variance
from aset of N fractiona frequency valuesy; at an averaging timet=mt, is
very similar to that used to calculate MTOT from phase data:

1 Sdect a3m-point subsequence y, of the frequency datay;, i=n, n+3m, ...,
n+3m-1.

2. Removethelinear trend, c, (frequency drift) from the subsequence,

obtaining y*; =y, - ¢, where cisfound by averaging the 1t and last
halves of the sequence divided by theinterval.

3. Extend the subsequence at both ends by uninverted, even reflection to
form the 9m-point subsequence #y; having the tripled range from i=n-3m
to n+6m-1. The extended subseguence can be constructed by the
EXPressions #ynk = Y* nek-1 aNd #yneamek-1 = Y* neamk for k=1to 3m.

4. Calculate the Hadamard (3-sample) variance for this extended
subsequence by forming the 6 m-point frequency averages and finding the
sguare of their 2nd differences.

5. Find HadTotvar as the smple average of the N-3m HVAR subestimates.

- Reference
The following reference applies to the Hadamard total statistic:

D.A. Howe, €t al., "A Tota Estimator of the Hadamard Function Used For
GPS Operations’, Proc. 32th PTTI Meeting, Nov. 29, 2000, (to be published).
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MTIE

MTIE
The maximum time interval error, MTIE, is a measure of the maximum time
error of a clock over aparticular time interval. This statitic is very commonly
used in the telecommunications industry. It is caculated by moving an n-point
(n=t /t ;) window through the phase (time error) data and finding the difference
between the maximum and minimum vaues (range) at each window position.
MTIE is the overall maximum of thistimeinterval error over the entire data set:

MTIE(t ) = MaXygy ey of M&Xgigian (%) = Mingig 0 (%)}

where n=1,2,..., N-1 and N= # phase data points.

MTIE is a measure of the peak time deviation of a clock and is therefore very
sensitive to a single extreme value, transient or outlier. The time required for an
MTIE caculation increases geometricaly with the averaging factor, n, and can
become very long for large data sets (although faster algorithms are available —
see Reference 4 below).

The relationship between MTIE and Allan variance dtatistics is not completely
defined, but has been the subject of recent theoretical work (see References 2
and 3 below). Because of the peak nature of the MTIE datistic, it is necessary
to express it in terms of a probability leve, b, that a certain value is not
exceeded.

For the case of white FM noise (important for passive atomic clocks such as

the most common rubidium and cesium frequency standards), MTIE can be
approximated by the relationship:

MTIE(t, b) = kXX hot) = kyX028,(t )%

where I is a constant determined by the probability level, b, as given in the
table below, and h, is the white FM power-law noise coefficient.

b, % Ko
95 177
90 159
80 1.39
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Tdecommunications', IEEE Trans. Instrum. Meas., Vol. 46, No. 6, pp.
1284-1294, Dec. 1997.
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Random Process and the New Definition of MTIE", Proc. 28th PTTI
Meeting, Dec. 1996, pp. 119-124.

3. P.Tavellaand D. Meo, "The Range Covered by a Clock Error in the Case
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TIE rms
The rms time interva error, TIR rms, is another clock statistic commonly used
by the telecommunications industry. TIE rmsis defined by the expression:

TE, = |- L & x -x°
rms N- a i+n i

i=1
where n=1,2,..., N-1 and N= # phase data points.

For no frequency offset, TIE rms is approximately equal to the standard
deviation of the fractiona frequency fluctuations multiplied by the averaging
time. It is therefore similar in behavior to TDEV, athough the latter is better
suited for divergent noise types.

References
The following reference applies to the TIE rms dtatistic:

1. S Bregni, "Clock Stahbility Characterization and Measurement in

Teecommunications', IEEE Trans. Instrum. Meas., Vol. 46, No. 6, pp.
1284-1294, Dec. 1997.
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Confidence Intervals

Confidence Intervals
Stable32 uses severd different methods for setting the confidence intervas and
error barsin its stability andysis and plotting functions. The confidence interval
of an Allan variance estimate depends not only on the Allan variance type
(normal, overlapping, modified, or time) and nomina value, and on the averaging
factor and number of data points, but also on the statistical confidence factor
desired and the type of noise.

Simple Confidence Intervals
The smplest confidence interval approximation, with no consideration of the
noise type, sets the +1s (68%) error bars at +s,(t)/ON, where N is the
number of frequency data points used to calculate the Allan deviation.

Kn Noise Factor
A more accurate determination of this confidence interval can be made by
considering the noise type, which can be estimated by the B1 bias function (the
ratio of the standard variance to the Allan variance). That noise type is then be
used to determine a multiplicative factor, Kn, to apply to the confidence interval.
These are the error bars shown by the Stable32 Variance and Run functions for
the normal Allan deviation.

Noise Type Kn

Random Wak FM 0.75
Hicker FM 0.77
White FM 0.87
Flicker PM 0.99
White PM 0.99

Overlapping Samples

Better statistical confidence can be obtained by making maximum use of the
available data by forming al possible frequency differences for a given
averaging time. Although these fully overlapping samples are not al statistically
independent, they nevertheless help to improve the confidence of the resulting
Allan deviation estimate. Furthermore, Chi-squared statistics can be applied to
cdculate single and double-sided confidence intervals at any desired confidence
factor. These caculations, based on a determination of the number of degrees
of freedom for the estimated noise type, are the confidence intervals used by
the Stable32 Variance function for the overlapping Allan deviation. The same
method is used by the Run function to show +1s error bars for its overlapping
Allan deviation plot.

The error bars for the modified Allan and time variances are aso determined by
Chi-squared tatistics, using the number of MVAR degrees of freedom for the
particular noise type, averaging factor, and number of data points. During the
Run function, noise type estimates are made at each averaging factor (except
the last, where the noise type of the previous averaging factor is used).
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Noise Identification
It is necessary to identify the spectral characteristics of the dominant noise
processin order to set the confidence interval, show the error bars and, where
appropriate, apply abias correction to the results of atime domain frequency
stability analysis. The dominant power law noise type can be estimated by
comparing the ratio of the N-sample (standard) variance to the 2-sample
(Allan) variance of the data (the B1 bias factor, see below) to the value
expected of thisratio for the pure noise types (for the same averaging factor).
This method of noise identification, while not perfect, is reasonably effectivein
most cases. The main limitations are (1) its inability to distinguish between
white and flicker PM noise, and (2) its limited precision at large averaging
factors where there are few analysis points. The former limitation can be
overcome by supplementing the B1 ratio test with one based on R(n), the ratio
of the modified Allan variance to the norma Allan variance (see below). That
technique is applied to members of the modified family of variances (MVAR,
TVAR, and MTOT). The second limitation is avoided by using the previous
noise type estimate at the longest averaging time of an anadysis run. One
further limitation is that the R(n) ratio is not meaningful at a unity averaging
factor. . A description of the power law noise identification method used in
Stable32 can be found in the paper: D. Howe, R. Beard, C. Greenhall, F.
Vernotte and W. Riley, "A Tota Estimator of the Hadamard Function Used for
GPS Operations', Proceedings of the 32nd Annual Precise Time and Time
Interval (PTTI) Systems and Applications Meeting, pp. 255-268, November
2000.

AVAR EDF
The equivalent # of C? degrees of freedom (edf) for the fully overlapping Allan
variance (AVAR) is determined by the following approximation formulae for
each power low noise type.

RWFM N-2 N-12-3mN-1+4n?

m N-3°

Power Law AVAR edf, where
Noise Type N = # phase data points, m = averaging factor =t /t
WPM N+1 N-2m
2N-m
m M N-1 _ 2m+1 N-1 °
exp In In
2m 4
WM 3N-1 2N-2 4n?
2m N 4nt +5
FFM 2
2N-2 For m=1
23N - 49
2
—5N For m>1
4m N +3m
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MVAR EDF
The edf for the modified Allan variance (MVAR) is determined by the same
expression as the overlapping Hadamard variance (see below) with the
arguments changed as follows (valid for -2 £ a £ 2):

MVAR and TVAR edf for N, mand a = MVAR edf for N+1, mand a-2.

TOTVAR EDF
The edf for the totd variance (TOTVAR) is given by the formula b(T/t) -c,
where T is the length of the data record, t isthe averaging time, and b & c are
coefficients that depend on the noise type as shown in the following table:

Power Law | TOTVAR edf coefficients
Noise Type b c
W FM 1.50 0
FFM 117 0.22
RW FM 0.93 0.36
MTOT EDF

The edf for the modified total variance (MTQOT) is given by the same formula
b(T/t) -c, where T is the length of the data record, t isthe averaging time, and
b & c are coefficients that depend on the noise type as shown in the following
table:

Power Law MTOT edf coefficients
Noise Type b c
W PM 1.90 2.10
FPM 1.20 1.40
W FM 1.10 1.20
FFM 0.85 0.50
RW FM 0.75 0.31

HVAR EDF
The edf for the fully overlapping Hadamard variance (HVAR) can be found by
an agorithm developed by C.A. Greenhall based on its generalized
autocovariance function. The HVAR edf is found either as a summation (for
small m cases with a small number of terms) or from a limiting form for large m
where Vedf = (1/p)(a0-al/p) with the coefficients as follows:
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Power Law | HVAR edf coefficients
Noise Type a0 al
W FM 79 1/2
FFM 1.00 0.62
RW FM 31/30 17/28
FW FM 1.06 0.53
RR FM 1.30 0.54

MTOT EDF
The edf for the modified total variance (MTOT) is given by the formula b(T/t)
-c, where T is the length of the data record, t isthe averagingtime, andb & ¢
are coefficients that depend on the noise type as shown in the following table:

Power Law MTOT edf coefficients
Noise Type b [
W PM 1.90 210
FPM 1.20 1.40
W FM 1.10 1.20
FFM 0.85 0.50
RW FM 0.75 0.31

# Analysis Points
The # in the Run stability table, and the # Andysis Pts in the detailed Sigma
didog box, is the number of anaysis points (the # of 2nd or 3rd differences
summed) in the sigma caculation. This number is used in determining the
confidence intervals. Without gaps, the #s are equd to the following:

Sigma Type #

Normal Allan M/m -1
Overlapping Allan M-2m+1 = N-2m
Modified & Time M-3m+2 = N-3m+1
Total M-m = N-m-1

Mod & Time Total M-3m+2 = N-3m+1
Hadamard M/m -2

Overlapping Hadamard M-3m+1 = N-3m

where: N = # phase data points = M+1
M = # frequency data points
m = AF = averaging factor

For the normal Allan and Hadamard variances, the rounding down associated
with successive averaging may reduce the #. With gaps, the # can depend on
exactly where the gaps are. In dl cases, the # is counted dynamically during
the calculation as the statistical sums are accumulated.
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Bias Functions

Bias Functions
Several hias functions are defined and used in the analysis of frequency
stability. These bias functions are defined below. The Stable32 program uses
the B1, the standard variance to Allan variance ratio, and R(n), the modified
Allan variance to norma Allan variance ratio bias functions for the identification
of noise types.

B1 Bias Function
The B1 bias function is the ratio of the N-sample (standard) variance to the 2-
sample (Allan) variance with dead time ratio r = T/t, where T = time between
measurements, t =averaging time, and m=exponent of t in Allan variance for a
certain power law noise process:

BL(N,r,m=s3N,T,t)/s¥2,T,t)

B2 Bias Function
The B2 bias function is the ratio of the 2sample (Allan) variance with dead
timeratior = T/t to the 2-sample (Allan) variance without dead time (r = 1):

B2(r,m=s32,T,t)/s¥2t,t)

B3 Bias Function
The B3 bias function is the ratio of the N-sample (standard) variance with dead
timeratio r = T/t & multiplesM = t/t, of the basic averaging timet o to the N-
sample variance with the same dead time ratio at averaging timet :

B3(N,M,r, m =s3N,M,T,t)/s¥N,T,t)

R(n) Function
The R(n) function is the ratio of the modified Allan variance to the norma Allan
variance for n = # phase data points. Note: R(n) is also a function of a, the
exponent of the power law noise type:

R(n) =Mod s3,(t) / s3,(t)

TOTVAR Bias Function
The TOTVAR statigtic is an unbiased estimator of the Allan variance for white
and flicker PM noise, and for white FM noise. For flicker and random walk
FM noise, TOTVAR is hiased low ast becomes significant compared with the
record length. The ratio of the expected vaue of TOTVAR to AVAR isgiven
by the expression:

B(TOTAL) = 1-aft/T), O0<t £T/2
where a= 1/3*n2 = 0.481 for flicker FM noise, a= 3/4 = 0.750 for random walk

FM noise, and T is the record length. At the maximum alowable vaue of
t =T/2, TOTVAR is biased low by about 24% for RW FM noise.
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The Stable32 program applies this bias function automatically to correct the
reported TOTVAR resullt.

MTOT Bias Function
The MTOT datistic is a biased estimator of the modified Allan variance. The
MTOQOT hias factor (the ratio of the expected value of Mod Totvar to MVAR)
depends on the noise type but is essentialy independent of the averaging factor

References
The following references apply to the Stable32 edf and bias functions:

1. "IEEE Standard Definitions of Physica Quantities for Fundamental
Freguency and Time Metrology - Random Ingtahilities’, |IEEE Std 1139-
1999, July 1999.

2. C.A. Greenhdl, "Estimating the Modified Allan Variance', Proc. |IEEE

and # of data points, as shown in the following table:

Noise Bias Factor Note: The Stable32 program applies this bias
W PM 1.06 factor automatically to correct the reported
F PM 117 MTOT result.

W FM 127

FFM 130

RWFM 131

Summary of Stable32 EDF and Bias Functions
The following table summarizes the use of the equivalent degrees of freedom,
confidence intervals and bias corrections in the variance calculations of the
Stable32 Sigma and Run functions:

Stable32 Noise ID, EDF, Cl & Bias Methods

Variance Noise ID EDF Cdc Cl/Error Bars Bias Cdc
Type Method
Normal B1 ratio N/A s/ON and K, N/A
Allan Can't set Cl
(AVAR)
Overlapping B1 ratio CDF[1] c? N/A
Allan
(AVAR)
Modified | BlplusR(n) | HEDF[2, 11] c? N/A
Allan fora =12 w/ modified
(MVAR) arguments
Time BlplusR(n) | HEDF[2, 11] c? N/A
(TVAR) fora=12 w/ modified
arguments
Hadamard N/A N/A Sigma None N/A
(HVAR) Run: s/ON and
K, Can't set Cl
Overlapping B1 ratio HEDF [3] c? N/A
Hadamard
(HVAR)
Total B1ratio TOTEDF [4] c? TOTVAR
(TOTVAR) Bias [6]
Mod Total | BlplusR(n) | MTOTEDF c? MTOT
(MTOT) fora =12 for m>8, else Bias[7]
EDF [5]
TIErms N/A N/A None N/A
MTIE N/A N/A None N/A

60

o 0~

~

10.

11

1995 Freg. Contrl. Symp., pp. 346-353, May 1995.

D.A. Howe & C.A. Greenhall, "Total Variance: A Progress Report on a
New Frequency Stability Characterization”, Proc. 1997 PTTI Meeting,
pp. 39-48, December 1997.

C.A. Greenhall, private communication, May 1999.

D.A. Howe, private communication, March 2000.

D.A. Howe, "Tota Variance Explained”, Proc. 1999 Joint Meeting of
the European Freg. and Time Forum and the IEEE Freq. Contrl.
Symp., pp. 1093-1099, April 1999.

D.A. Howe, private communication, March 2000.

C.A. Greenhdl, "Recipes for Degrees of Freedom of Frequency Stability
Edimators', |EEE Trans. Instrum. Meas., Vol. 40, No. 6, pp. 994-999,
December 1991.

D.A. Howe, "Methods of Improving the Estimation of Long-Term
Frequency Variance", Proc. 11th European Freq. and Time Forum, pp.
91-99, March 1997.

JA. Barnes and D.W. Allan, "Variances Based on Data with Dead Time
Between the Measurements', NIST Technical Note 1318, 1990.

C.A Greenhdl, private communication, May 2000.

D. Howe, R. Beard, C. Greenhal, F. Vernotte and W. Riley, "A Tota
Estimator of the Hadamard Function Used for GPS Operations’,
Proceedings of the 32nd Annual Precise Time and Time Interval
(PTTI) Systems and Applications Meeting, pp. 255-268, November 2000.

61



62

Dead Time

Dead Time

Dead time can occur in frequency measurements because of instrumentation
delay between successive measurements, or because of a deliberate wait
between measurements. It can have a significant effect on the results of a
stability anadysis, especidly for the case of large dead time (e.g. frequency data
taken for 100 seconds once per hour). Stable32 includes provisions for making
dead time corrections in the Sigma and Run functions for norma and
overlapping Allan deviations where the noise type is known. These corrections
use the B2 and B3 hias functions to handle single and multiple (distributed)
measurement dead time respectively. The dead time is entered as the ratio
r=T/t, where t is the measurement time and T is the (longer) time between
measurements (r=1 for no dead time).

Y, \/J \j/\‘/ Qv/\

e et e el ]
Measurement Dead Measurement Dead
Time Time Time Time

The corrections are applied by dividing the calculated sigma by the square root
of the product of B2 and B3. These corrections are particularly important for
non-white FM noise with a large dead time ratio. Restricting the dead time
corrections to Allan deviations is a conservative approach based on the B2 and
B3 definitions. These bhias functions depend critically on the power law noise
type. Requiring manual noise sdection avoids the problem of noise
identification for biased data having the wrong sgma-tau sope. Dead time
correction is problematic for data having multiple noise types. In addition to
introducing bias, measurement dead time reduces the confidence in the results,
lowers the maximum allowable averaging factor, and prevents proper frequency
to phase converson. Moreover, no information is available about the behavior
of the device under test during the dead time. It is recommended that these
issues be avoided by making measurements with zero dead time.
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Frequency Domain Stability

Frequency Domain Stability
Stable32 uses the following frequency domain measures of frequency stability:

PSD of fractional frequency fluctuations
PSD of time fluctuations
PSD of phase fluctuations

Formula Units Description
S/(f) 1/Hz

Si(f) sec?/Hz

S(f) rad?/Hz

£(f) dBc/Hz

SSB phase noise to carrier power ratio

where: PSD = Power Spectral Density
SSB  =Singe Sdeband
dBc = Decibels with respect to carrier power

The most common frequency domain stability measure is £(f), dBc/Hz, the SSB
phase noise to signd ratio in a1 Hz BW as a function of sideband frequency, f.
Other frequency domain stability measures are: S(f), 1/Hz, the power spectral
density of the fractiona frequency fluctuations, Si(f), sec?/Hz, the power
spectra density of the time fluctuations; and S(f), rad®/Hz, the power spectral
density of the phase fluctuations. The Stable32 program can plot any of these
from the appropriate phase or frequency data.
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Noise Processes

Power Law Noise Processes
The spectral characteristics of the power law noise processes commonly used
to describe the performance of frequency sources are shown in the following
table:

Spectral Characteristics of Power Law Noise Processes

Noise Type a b m ng h
White PM 2 0 -2 -3 -1
Flicker PM 1 -1 -2 -2 0
White FM 0 -2 -1 -1 1
Flicker FM -1 -3 0 0 2
RandomWak FM -2 -4 1 1 3

Power Spectral Densities
Four types of power spectral density (PSD) are commonly used to describe the
stability of a frequency source:

PSD of Frequency Fluctuations S(f)
The power spectral density (PSD) of the fractional frequency fluctuations y(t)
in units of /Hz is given by S/(f) = h(a) -f , where f = sideband frequency, Hz.

PSD of Phase Fluctuations & (f)
The PSD of the phase fluctuations in units of rad®/Hz is given by S (f) =
(2png)? - S(f), where no = carrier frequency, Hz.

PSD of Time Fluctuations S,(f)

The PSD of the time fluctuations x(t) in units of sec?/Hz is given by S,(f) = h(b)
fP= S(f)/(2pf)?2, where: b = a-2. The time fluctuations are related to the
phase fluctuations by x(t) = f (t)/2pno,. Both are commonly caled "phase’ to
distinguish them from the independent time variable, t. Stable32 uses x(t) and
y(t) arrays as its phase and frequency variables.

SSB Phase Noise £(f)

The SSB phase noise in units of dBc/Hz is given by £(f) = 10 - log[%2 - S(f)].
These are the most common engineering units to specify phase noise.
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Variances
Several types of variance are commonly used to describe the stability of a
frequency source:

Standard Variance S (t)

The N-sample or standard variance is not recommended as a genera-purpose
measure of frequency stability because it is not convergent for some types of
noise commonly found in frequency sources. It is used primarily in the
caculation of the B1 ratio for noise recognition.

Allan Variance S2(t)

The Allan variance is given by s2,(t) = A(n) -t™, wheret = averaging time,
seconds. It is the most common measure of the fluctuations of the fractional
frequency y(t) = [n(t)- ngJ/no = Dn/ng = X'(t). It may be calculated by the
norma or overlapping method.

Total Variance S 2ga(t)
Thetotd variance is similar to the Allan variance but uses a doubly-reflected
method that improves the statistical confidence at large averaging factors.

Modified Allan Variance Mod S 3(t)
The modified Allan variance is given by Mod s2,(t) =B(nm) - t™, where m =
-a-1

M odified Total Variance Mod S %4(t)

The modified total variance is similar to the modified Allan variance but uses an
uninverted even reflection method that improves the dtatistical confidence at
large averaging factors.

Hadamard Variance HS 2y(t)
The 3sample (Hadamard) variance is used primarily as an aternative to the
Allan variance for a frequency source having linear frequency drift.

Time Variance S %(t)

The time variance in units of secondsis given by s2,(t) = C(h) - t" =
(t2/3) - Mod s?y(t), sec, whereh =b- 1.
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Sigma Tau Diagrams
The following two diagrams show the relationship between the log s versuslog
t dopes for various power law noise processes for the norma and modified
Allan variances. Note that Mod s,(t) is able to distinguish between white and
flicker PM noise.

Sigma Tau Diagram
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Noise Spectra

Noise Spectra
The random phase and frequency fluctuations of a frequency source can be
modeled by power law spectra densities of the form:

S/(f) =h(a)t *

where:  §(f) = one-sided power spectrd density of the
fractional frequency fluctuations, 1/Hz
f = Fourier or sideband frequency, Hz
h(a) = intensity coefficient
a = exponent of the power law noise process.

The most commonly encountered noise spectra are:

White (f ) Random Walk (f ~?)
Flicker (f ™) Flicker Walk (f 3)

For examples showing the appearance of these noise types, use the Play
program to display the file NOISEPIX.TKF. Power law spectral models can

be applied to both phase and frequency power spectral densities (PSD). Phase
isthe time integra of frequency, so the relationship between them is as 1/f2:

Sd(f) = S/(f)/(2pf)?
where:  S(f) = PSD of the time fluctuations, sec?/Hz.
Two other quantities are also commonly used to measure phase noise:

S(f) = PSD of the phase fluctuations, rac?/Hz and its
logarithmic equivaent £(f), dBc/Hz.

The relationship between these is:

S(f) = (2pno)? - S(f)
£(f) =10-log[¥2- &(f)]
where ng is the carrier frequency, Hz.

The power law exponent of the phase noise power spectral densitiesisb =
a- 2. These frequency-domain power law exponents are also related to the
dopes of the following time domain stability measures:

Allan variance S2(t) m=a-1, a<2

Modified Allan variance Mod s2(t) m=a-1,a<3

Time variance S2,(t) h=a-1a<3
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Phase Noise Diagram
The following diagram shows the dope of the SSB phase noise, £(f), dBc/Hz
versus log f, Fourier frequency, Hz for various power law noise processes.
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Domain Conversions

Time and Frequency Domains

The stahility of afrequency source can be specified and measured in either the
time or frequency domain. Examples of these stability measures are the Allan
variance, s3(t), in the time domain and the spectra density of the fractional
frequency fluctuations, §(f), in the frequency domain. Conversions between
these domains may be made by an analytical method based on a power law
spectral model for the noise processes involved. This method, the one used by
the Stable32 Domain function, can be applied only when the dominant noise
process decreases toward higher sideband frequencies. Otherwise a more
fundamental method based on numerical integration must be used. The genera
time to frequency domain conversion is not unique because white and flicker
phase noise have the same Allan variance t dependence. When performing
any of these conversions, it is necessary to choose a reasonable range for s
and t in the domain being converted to. The main lobe of the sy(t) and Mod
Sy(t) responses occur at the Fourier frequency f = 1/2t.

Domains Conversions
Domain conversions may be made for power law noise models by using the
following conversion formulae:

Noise Type  s?/(t) S
RW FM A-flz-s/(f)-t(l) A'll-tol s2(t) ff
. . . . 2 .
WA Chaat ol e g
FPM D-ft.gf)-t? D!t? szy(t) fl
W PM E-f2.5()-t2? E't? sZy(t) f2
y

where:

A =4p2/6

B =2In2

C=12

D = 1.038 + 3In(2pfyt o)/4p?

E = 3f, /4p2

and f, is the upper cutoff frequency of the measuring system in Hz, and tg is
the basic measurement time. This factor applies only to white and flicker PM
noise.
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File Functions

Purpose
Stable32 offers severa functions for setting, opening, adding, saving and reading
data files. The Open, Add and Save functions apply to phase and frequency
datafiles. The Read function is used to read a stahility file.

Controls
The Stable32 file functions use the standard Windows file open and save diaog
boxes, except that the Open and Add didog boxes contain the following
additiond controls:

Control Type Description

Data Type Group Select data type.

Phase Radiobutton Store data in phase array.

Frequency Radiobutton Store data in frequency array.
Operation

Select Phase or Frequency data type (if applicable), and perform the usua

Windows file dialog box operations. Opening a data file with multiple columns
will invoke the Multicolumn Data function. Attempting to open an oversize data
filewill invoke the Large Data File function, and attempting to add excessive
data will be trapped with an error message. The results of an Open or Add

operation will be displayed in a File Opened box if this feature is activated with
the Show File Opened option of the Configure function.
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Filenames Function

Purpose
Use the Filenames function to set the names of the various Stable32 data and
plot files. It is good practice to preset all the relevant filenames within this
function before beginning an anaysis.

Flot Filenamee
Ehaes;  [f=\Frogmm Files) Sehle 2FHASE TEF
Eran: 1= WProg e Fikas', Etaba 22 F RE Otk

il

Sigma: o Preem Fikas Eratks S ZIGMA TRF

Hata }Cwmlmﬁbﬁ'\&,ﬂ:hwmﬁw Cancel

Spectiyn, f- \Frogmm Fils Sahie 3 SFECTRUAM TRF

EE

Cimtn Filenamas -
Fhaes: [ \DmalFHASE QAT
ma e —an E:;ri .Lllm
Skt [\ Frogiem Fikas, Stehia S GG TAL m‘f‘“
PED: {2\ Promyresn Filash, Etabla ZHPED DAT g:;itgi_ﬁﬂﬁ
Fuih |'C1\I'- rogrem Files', Stabis 524,
Controls

The Filenames didog box contains the following controls:

Control Type Description

Plot Filenames Group Box Controlsto set plot filenames.

Phase Edit Enter phase plot filename.

Freq Edit Enter frequency plot filename.

Sigma Edit Enter sigma plot filename.

Histo Edit Enter histogram plot filename.

Spectrum Edit Enter power spectrum plot filename.

Data Filenames Group Box  Controls to set data filenames.

Phase Edit Enter phase data filename.

Freg Edit Enter frequency data filename.

Stability Edit Enter stability data filename.

PSD Edit Enter power spectrum data filename.

Path Edit Enter the filename path.

OK Pushbutton  Apply filenames & close.

Set Pushbutton  Set al filenames to new path.

Reset Pushbutton  Reset all filenames to default path

Cancel Pushbutton  Abort Filenames function & close

Hdp Pushbutton  Invoke the Filenames help topic.

Operation

Enter the path for the filenames and press the Set button. Then enter the
individual plot and data filenames. Press OK to apply the new filenames,
Reset to use the default path, or Cancel to restore the origind filenames.
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Note

A valid filename cannot be blank or contain the characters ?" /\ < >* |or .. Open Function

Purpose
Use the Open function to read a phase or frequency data file from disk.

Open Data File m

File Name: Directories:
|phase.dat c\stabled?
Cancel
arcindex.dat ;I & o, ;I ;l
clkplt.dat &4 stable3z Hel |
freq.dat e
freq_x.dat
messages DAT Metwark. . |
nhs.cat
nevy. dat Data Type
ﬂ # Phase
List Files of Type: Dirives: ' Erequency
Data Files (*.daf) =] [=cdiec ] | © Archive

Controls

The Open didog box contains the standard Windows file open controls plus the
following custom controls:

Control Type Description

DataType  GroupBox  Controlsto choose the data type.

Phase Radiobutton  Read data into the phase array.

Frequency Radiobutton  Read data into the frequency array.

Archive Radiobutton  Read TSC archive file.
Operation

Select Phase, Frequency or Archive data type, and perform the usua
Windows file dialog box operations. Opening a data file with multiple columns
will invoke the Multicolumn Data function. Attempting to open an oversize data
file will invoke the Large Data File function. The results of an Open operation
will be displayed in a File Opened box if this festure is activated with the Show
File Opened option of the Configure function.
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Read Archive Function

Purpose

Use the Read Archive function to extract clock data from a TSC archive file.
This function will read the information produced by a Timing Solutions
Corporation clock measuring system and convert it into time-tagged phase and
frequency data for analysis by the Stable32 program. Controls are available for
selecting the desired data file, measurement channels and time span for

analysis.

Read Archive m

File: archive dat

4'. =

Tau: 900
First kdJD: 51026.00000000
Last k4D 5107851041667 Display
—Channel # Fiereie |
teasurement: IE =
j Configure |
" [ Fa
Beference: I ZI Help |
—Time Span
' Becord # |1 v Last
¢ StathddD:  [51026.00000000
™ EndMJD: {51076 51041667
Controls

The Read Archive dialog box contains the following controls:

Control Type Description
Fle Text Archive filename.
Tau Text Measurement interval.

First MJD Text
Last MJID Text

First MJD in archivefile.
Last MJID in archivefile.

Channel # Group Channel # contrals.
Measurement  Edit Enter measurement channel #.
Reference Edit Enter reference channel #

(0=LO reference).

Time Span Group Time span contrals.
Record # Radiobutton  Select record # time span.
Record # Edit Enter record # to read.



Last Checkbox  Select last record.

Start MID Radiobutton  Select MJD time span.

Start MJD Edit Enter start MJD.

End MJD Checkbox  Select optional end MJD
(instead of dl data).

End MJD Edit Enter optional end MJD.

OK Pushbutton  Perform Read Archive & close.

Cancel Pushbutton  Abort Read Archive function & close

Display Pushbutton  Display the archivefile.

Index Pushbutton  Show an index of the archivefile.

Configure Pushbutton  Configure the Read Archive function.

Hdp Pushbutton  Invoke the Read Archive help topic.
Operation

Choose the desired TSC archive file with the Archive option of the Open
function. Then observe the resulting File, Tau and Start MJD. Use the
Display button to display the contents of the archive file, or the I ndex button to
show a ligting of dl clock transactions in the archive file. Enter the desired
M easurement and Reference channel #s that correspond to the clock to be
analyzed. Entering a Reference channd # of O will select the offset LO asthe
reference. Entering a negative M easur ement channel # will cause the sense
of the measurement and reference channels to be reversed (thisis useful in the
case of a LO that is above rather than the below the nomina frequency as is
normal). Reversa of the M easurement and Reference channel #s will dso
accomplish this, but the 1D information displayed after processing the data will
be that of the other channel. Then select either the Record # or Start MJD
button as the method for defining the time span for the data. If Record #is
selected, ether enter the desired Record # or check the Last record
checkbox. If Start MJD is selected as the time span method, enter the Start
MJD value in the corresponding edit box. This will extract the data for the
selected clock from that time to the end of the file. If it is desired to also set
the End MJD, then check the End MJD checkbox and enter that value into
its corresponding edit box. Then press OK to extract the clock data, or Cancel
to abort the Read Archive function. The Configure button brings up another
dialog box that allows setting certain defaults for the Read Archive function.
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Read Archive Configure

Purpose
Use the Read Archive Configure dialog box to set defaults for the Read
Archive function.

Read Archive Configure m

—Defaults

# Channels: Iz‘l—il
Meas Chan & IE il
Bief Chan # [5 :I

Enter detaults for Read Archive function.

Controls
The Read Archive Configure dialog box contains the following contrals:

Control Type Description

Defaults Group Read Archive default values.

# Channds  Edit Set the maximum # of channels.

Meas Chan # Edit Set the default measurement channel.

Ref Chan#  Edit Set the default reference channel

OK Pushbutton ~ Perform the Read Archive Configure function
& close didog box.

Cancel Pushbutton ~ Abort the Read Archive Configure function &
close diaog box.

Hdp Pushbutton  Invoke the Read Archive Configure help topic.

Operation

Use the # Channels, Meas Ch #and Ref Chan # edit controls to set default
values for the Read Archive function. Then press OK to accept or Cancel to
reject these values. The new # of channels will take effect immediately in the
Read Archive function.
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Multicolumn Data

Purpose

The Multicolumn Data function supports the reading of data files with multiple
columns. It is a sub-function of the Open and Add functions. Use the
Multicolumn Data function to select the desired columns of phase or frequency
and (optional) timetag data. This dialog box opens automaticaly during an
Open or Add operation whenever multicolumn data is detected. The contents
of the last line of the data file are displayed at the bottom of the didog box to
assist in selecting the desired timetags and data column.

Multicolumn Data E
Select destination array(s) for multicolurnn data. oK
Destination Array Colurrin #

1 2 3 4 &5 & 7 8

Timetags: o 8 ® & @ @ @

-
|I
o
o

Diata: e o o & ® 8 @

.

LastLine  1.400000 2.400000 3.400000 4.400000 5.40
of File: 0000 6.400000 7.400000 8.400000

Controls
The Multicolumn Data didog box contains the following contrals:

Control Type Description

Timetags Radiobutton Choose column of timetag data to be
read.

Data Radiobutton Choose column of phase or
frequency data to be read.

1<t Line of File Text Display of the 1st line of the data
file.

OK Pushbutton Perform the read operation & close
dialog boxes.

Cancel Pushbutton Abort the read function & close
dialog boxes.

Hdp Pushbutton Invoke Multicolumn Read help topic.

Operation

Select the desired column for the (optional) Timetags and Data, then press OK
to read the data or Cancel to abort.

Limits
Up to 8 columns may be processed from the data file.
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Large Data File

Purpose
The Large Data File function supports the reading of large data files. It isa
sub-function of the Open function. Use the Large Data File function to select
the desired option for handling a large data file. This didog box opens
automatically during an Open operation whenever such a cita file is detected.
The user then has the options of (1) averaging the data as it is read, (2) using
only the first portion of the data, (3) using only the last portion of the data.

Large Data File m
Datafile is too big to load. 0] 4 |

Choose one of the following options, ar
press Cancel to abort:

&+ Average Data As ltls Read Help |

" Use First Partion Of Data # Paints: 27562

™ Lse Last Fortion Of Data Awr Factor: |4

Controls
The Large Data File didog box contains the following controls:

Control  Type Description

Average  Radiobutton Average the data asit is read.

First Radiobutton Use the first portion of the data.

Last Radiobutton Use the last portion of the data.

#Points  Text Display the # of pointsin the datafile.

Avg Factor Edit Enter the averaging factor to be used to read
the datafile.

OK Pushbutton Accept selected option & continue with Open.

Cancel Pushbutton Abort the Open operation.

Hdp Pushbutton Invoke the Large Data File help topic.

Operation

Choose one of the Average, First or Last options and press OK, or press
Cancel to abort the Open operation. With the Average option, the minimum
Avg Factor reguired to read the entire data file is displayed. It may be
increased if another (larger) averaging factor is desired. The Avg Factor is
always 1 for the First and L ast options.
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Averaging
Averaging of phase data is accomplished by simply eliminating the intermediate
data points, while averaging of frequency data uses the mean value of the
points being averaged. In either case, the averaging factor is displayed as the
default t value.

Limits
The maximum size data file that can be read is set by the Max Data File Size
item in the Configure function. The purpose of this setting is to automaticaly
activate the data averaging dialog box when a large data file isread. Set this
parameter to a value appropriate to your computer’s speed and RAM.

With the Average option, there is essentialy no limit to the size d the datafile
that can be read.
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Data File Opened

Purpose
The Data File Opened didog box confirms the opening of a phase or frequency
data file. It displays the name and size of the file, the # of gaps, and the
maximum and minimum values of the data. This dialog box also shows the first
line of the selected file column(s), and a simple plot of the data.

Data File Opened | %]

Filename: PHASE DAT h hm

Data Twpe: Fhase r ! ){

#Points: 1007 #Gaps: 0
baximum;  +4.36662B86198918=+00
hdinimurm: -4 7078794262138a+00 WJ

Tirmetag Column: Data Column: 1 oK
Mone +0.00000000000008+00

. Display |
Tau(D); I1.DDDDDE+D1 [F Bcale Dafs
Fram:  INI File [Input] Inputs |

Enter Tau(l) walue for data Hel
and press DK to continue. geln |
Controls

Besides displaying information about the data file that has just been opened, the
Data File Opened dialog box contains the following controls:

Control Type Description

Tau Edit Enter Tau value for data.

OK Pushbutton Accept tau value and close dialog box.

Display Pushbutton Display data astext in Notepad.

Inputs  Pushbutton Open Inputs diaog box.

Hdp Pushbutton Invoke the Data File Opened help topic.
Operation

Observe the properties of the data file that has been opened, enter the correct
Tau(0) value, and then press OK to continue.

Tau
The Tau(0) value must be set to correspond to the basic measurement interval
of the data (in seconds) to obtain correct analysisresults. It is preset to avalue
determined by the following order of precedence: (1) a command line tau entry,
(2) a data file header tau entry, (3) a Stable32.ini [Inputs] value, (4) the first
timetag interval, and (5) the default=1.0.
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Data Scaling
The data scaling option uses phase or frequency data addend and multiplier
values from the [Inputs] section of the Stable32.ini configuration file. Those
values can be entered manudly by editing the configuration file with a text
editor (such as Notepad), or by pressing the Inputs button. They default to O
and 1 respectively, and, in that case, the scaling option is disabled.

Timetag Scaling
The timetag scaling option uses the tag scale and tag offset values from the
[Inputs] section of the Stable32.ini configuration file. Those values can be
entered manually by editing the configuration file with a text editor (such as
Notepad), or by pressng the Inputs button. They default to 1 and O
respectively. Timetag scaling is done as the datafileis read.
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Inputs

Purpose
Use the Inputs function to set the tau, data addend and multiplier values, and the
timetag offset and scale factors, for the current data type.

Controls
The Inputs didlog box contains the following controls:

Tau: |+1.DDDDDDDDDDDDDE+DD Ok
Addend: I+D.DDDDDDDDDDDDDE+DD Cancel
Multiplier: l+1.IZIEIIZIEIIIIIZIIIIIIIIZIIZIEIIZIIZIe+IZII]
Help
Tag Scale: I+B.E¢IDDDDDDDDDDDE+D4 Tag offset is
applied as file
Tag Offzat: I+D.DDDDDDDDDDDDDE+DD e

Fress 0K to setvalues stored in [Inputs] section of
otabledZ.ini caonfiguration file for phase data.

Control Type Description

Tau Edit Enter the tau value.

Addend Edit Enter the addend scaling value.

Multiplier Edit Enter the multiplier scaling value.

Tag Scde Edit Enter the timetag scae multiplier.

Tag Offset  Edit Enter the timetag offset value.

OK Pushbutton ~ Store values & close didog box.

Cancel Pushbutton ~ Abort & close dialog box.

Hdp Pushbutton  Invoke this help topic.
Operation

Invoking the Inputs didlog box displays the current Tau, Addend, Multiplier,
Tag Scale and Tag Offset values from the [Inputs] section of the Stable32.ini
configuration file for the current phase or frequency data type. These values
may be edited and saved by using the corresponding edit control(s) and pressing
OK, or any changes made may be aborted by pressing the Cancel button.

inputs Values
There are separate Tau, Addend, Multiplier, Tag Scale and Tag Offset inputs
values for phase and frequency data. The Tau value should be set to the
measurement interval of the datain seconds. The Multiplier value
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should be set to scale the data for analysis (generally to seconds and fractional
frequency). The Addend value is then added to the scaled values.

Tag Scale
Use the tag scale multiplier to convert the timetag units to seconds. For
example, if the timetags are MJD in whole and fractional days, the Tag Scale
value should be set to 86400. The tag scale does not affect the timetag itsalf,
but only itsinterpretation as a tau value.

Tag Offset
Use the tag offset to make time zone corrections or to convert general timetag
dates to MJID. For example, if the timetags are the default dates used by
Microsoft Excel® that start at zero at midnight on December 31, 1899, the Tag
Offset value should be set to 15018 to convert them to MJD. Note: Excel
incorrectly treats 1900 as a leap year. The tag offset is applied as the timetags
areread.
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Save Function

Purpose
Use the Save function to save phase or frequency data to disk.

Save Data File m

File Marme: Directories: oK.
IC:\stabIBSZ\phase.dat chstable3?
3_col.dat - e j
archive.dat =9 stabled?
arcindex. dat Help |
clkplt. dat
freq.dat Matwatk. |
freq_=.dat =
ressages DAT
nbs.dat LI LI
List Files of Type: Dirives: ¥ Sawve Timetags
Data Files (*.dat) ﬂ I =) ¢ drive_c ;I
Controls

The Save didog box contains the standard Windows file save controls, plus a
Save Timetags checkbox to choose whether or not to aso save the timetags.

Operation
Perform the usual Windows file save dialog box operations.
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Add Function

Purpose
Use the Add function to append phase or frequency data from disk to the end
of the current datain memory.

Append Data File m

File Mame: Directoties:
IC:\stabIBSE'\phase.dat cstable32
3_col.dat - &5 e ;l
archive.dat & stable3? Hel |
arcindex.cat L
clkplt.dat
freq.dat Metwork... |
freq_x.dat
messages DAT Data Type
nbs.cat LI LI & Phase
List Files of Type: Drivers: € Ereguency
Data Files (*.dat) LI | = drive_c ;I 1 Archive
Controls

The Add dialog box contains the standard Windows file open controls plus the
following custom controls:

Control  Type Description
Data Type Group Box Controls to choose the data type.

Phase Radiobutton Read additiona data into the phase array.
Frequency Radiobutton Read additiona data into the frequency array.

Operation
Select Phase or Frequency data type, and perform the usua Windows file
dialog box operations. Attempting to add excessive data will be trapped with an
error message.  The results of an Add operation will be displayed in a File
Opened box if this feature is activated with the Show File Opened option of the
Configure function.

Caution
Overlength data files cannot be added.
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Read Function

Purpose
Use the Read function to read, print and plot stability data from disk. This
stability data may be a table of (possibly edited) stability results from one or
more previous Run operations. The main purpose of the Read function is to
alow stability data from multiple runs with different basic averaging times to be
combined onto a composite stability plot.

Stahility File: SIGhMA TAU SigmaType:  [Narmal =]

Tau I # I Idin Sigma I Sigma I ex Sigma I Close
1 9.000e+02 999 3.158e-04 3.247e-04 3.336e-04
2 1.800e+03 499 2.190e-04 2.279e-04 2.368e-04 Help
3 3.600e+03 249 1.563e-04 1.660e-04 1.752e-04
4 7.200e+03 124 1.128e-04 1.224e-04 1.319e-04 Elot
5 1.440e+04 B1 B.153e-05 £.931e-05 7.703e-05
[ 2.880e+04 30 5.2hBe-05 £.248e-05 7.241e-05 Options
7 5.760e+04 14 2.778e-05 3.617e-05 4.458e-05
8 1.152e+05 3 2.478e-05 3.762e-05 5.095e-05 Linzs

MNotes

Frint

o |
|
oo |
|
v |
_wnr |
_om |

|

EU Select sigmatype. Then Read stability datafile, and Plot or Print

Controls
The Open dialog box contains the following controls:

Control Type Description

Sability File  Text Stability data filename.

SigmaType Combo Select sgmatype.

Stability Data  Table Display of stability data.

Read Pushbutton  Open a file open didog box to read sability
data from disk.

Close Pushbutton  Close the Read dialog box.

Hdp Pushbutton  Invoke the Open help topic.

Plot Pushbutton ~ Plot the stability data

Options Pushbutton  Enter plot options.

Lines Pushbutton ~ Enter plot lines.

Notes Pushbutton  Enter plot annotations.

Print Pushbutton  Print the stability data.

Operation

Choose the Sigma Type to be read, and press the Read button. Use the
standard file open dialog box to open the stability file. The stability filename and
data will then be displayed. Use the Plot or Print buttons to plot or print the
stahility data, or the Close button to close the dialog box.
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Stability File Format ;
The format of the stability files written after a Run operation and read by the Read Plot Function

Read function is dightly different from the screen display. The screen columns . Purpose

are Tau, #, Min Sigma, Sigma, and Max Sigma (where # is the number of Use the Read Plot function to generate a stability plot.
andyds points, Sigma is the nominal sigma vaue, and the Min & Max Sigma
values are used to define the plot error bars). The order of the stability file

GraphiC/Win - c:\stable32\sigma.tkf

columns is Tau, #, Sgma, Min Sigma, Max Sigma and DF. The Min & Max =
) . . File Edit Draw Convert Help
Sigma and DF (number of C2 degrees of freedom) columns are optiond, and, if otes 0924796 Thmes 5,071 Pl ST
they are omitted, the plot will show the Sigma values without error bars. An FHEQUENS%\XTETABILITY
example of a stability data file is shown below (the column headings are not E — — I
H H HPAR B Tau Sigma ‘
included in the file): | 9.00e+02 3.2%e-10 |
) o ii-| 1BOe+03 2.23e—10 |
Tau # Sgma MinSgma MaxSgma DF (1| 3.B0e+03 1812-10 |
- 7.20e+03 1.17e-10
1. 000e+01 999  2.922e-01 2.846e-01 3.005e-01  6.651e+02 5 ERSSA- L S
2.000e+01 997  2.010e-01 1.953e-01 2.072e-01 5. 693e+02 bno. S 76o+04 4 .03e—11
4.000e+01 993  1.448e-01 1.396e-01 1.506e-01  3.456e+02 g 115e+05  3.07e—11
8. 000e+01 985 1.057e-01 1.006e-01 1.117e-01  1.818e+02 ‘B :
1. 600e+02 969 6.191e-02 5.780e-02 6.706e-02 9.121e+01 .E [ I
3. 200e+02 937  4.808e-02 4.372e-02 5.409e-02  4.478e+01 o
6. 400e+02 873  3.624e-02 3.177e-02 4.334e-02  2.141e+01 A
1. 280e+03 745  2.767e-02  2.307e-02  3.691le-02  9.710e+00 E
The stability file items for the Both sigma case are Tau, #, Std Dev, Sigma,
Mod Sigma and DF. No DF information is available for Normal and Hadamard -
variances, or for MTIE and TIErms, and the DF value is set to zero. The = L
- . B . . .. = i i i
o e s B e e e e
. Y o > Averaging Time, T, Seconds
by the Run function for more examples. These stability files may be edited and sesez]|

combined as required to produce a composite stability plot. The Tau values
should be in numerical order.

The TIE rms and MTIE stability files do not contain Min & Max Sigma or DF
columns.

Multiple Data Sets
The Stable32 Read function includes provisions for reading and plotting multiple
sets of stability data. A new data set is started whenever the tau value is less
than the previous one. The points between multiple data sets are not
connected. One application for multiple data sets is to show hoth stability data
and its corresponding specification limit.

Other Options
By default, al data points are shown with symbols, and are included in the data
table. If, however, the # of analysis points is made zero for the first row of a
s, that data will be plotted without symbols. This may be desirable for
showing spec limits. In addition, al data rows having # = 0 are excluded from
the data table. Thus spec limits can be excluded from the table by setting the #
analysis points to zero and placing them at the end of the datafile.
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Read Options Function

Purpose
Use the Read Options function to control the attributes of the stability plot.

Read Plot Options m

Title: IFREQUENCY STABILTY LI oK |
SubTifle:  [SIGMATAU =] Cancel |
Message: || LI Help |
Message Position: Im Fead Config | Sawe Config | Beset All |
Tahble Position: m Stahility File: SIGMA.TAU

RS —Y-Auis
Label: IAveraging Time, EtE,SeconLl Lisisit IAHan Deviation, ESE]y[(EIELl
Tauhax  BA0000e+01 Sigma Max: [4.81700e+00
Scale Max: |1.00000e+02 Seale Max: [1.00000e+01
Tauhin:  [1.000002+00 Sigma Min: [7.30400e-01
Seale Min: [1.000002+00 Seale Min: [1.00000e-01

— Optians
V Date ¥ Box W Bars1 W Table2 ¥ Fit2  PlotFile: ID:\DEVSTUDIO\MyPrDjedS\

Controls
The Read Options dialog box contains the following controls:

Control Type Description

Title Edit Enter plot title.

Sub Title Edit Enter plot subtitle.

Message Edit Enter plot message.

Message Position  Combo Choose message position.

Table Pogtion Combo Choose table position.

Read Config Pushbutton Read options from INI file.

Save Config Pushbutton Save optionsin INI file.

Sability Fle Text Display name of stability file.

X-Axis Group X-AXxis parameters.

Label Edit Enter x-axis labdl.

Tau Max: Text Maximum tau value.

Scale Max Edit Enter x-axis (tau) scale maximum.

Tau Min Text Minimum tau vaue.

Scale Min Edit Enter x-axis (tau) scale minimum.

Y -Axis Group Y -Axis parameters

Label Edit Enter y-axis labdl.

Sigma Max Text Maximum sigma value.

Scale Max Edit Enter y-axis (§gma) scale maximum.
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SgmaMin
Scale Min
Options
Date

Box
Bars 1
Table 2
Fit3

Plot Fle
Reset All
OK

Cancel
Help

Operation

Text

Edit

Group
Checkbox
Checkbox
Checkbox
Checkbox
Checkbox
Edit
Pushbutton
Pushbutton

Pushbutton
Pushbutton

Minimum sigma vaue.

Enter y-axis (Sgma) scae minimum.
Plot options.

Show date on plot.

Draw box around plot.

Show error bars on plot.

Draw gtability table on plot.

Show fit parameters on plot.

Enter plot filename.

Reset all plot attributes to defaullts.
Set plot attributes & close diadog
box.

Abort changes & close dialog box.
Invoke the Read Options help topic.

Enter the desired plot attributes and press OK to accept them, or Cancel to
abort. PressClear All to reset al attributes to their default values.
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Read Lines Function

Purpose
Use the Read Lines function to add ines to a stability plot. The possible line
types are as follows:

LineType Description Par ameter
None No line None
Endpoints Line between certain endpoint values None
Horizonta Horizontal line a certain sgmavalue None
Vertical Verticd line at certain tau value None
Noise Fit to certain power-law noise model Sigma(l)

Read Plot Lines m
tne# [1 =] | Type

—Tau Sigma
Start: |9.nnunne+02 v[ A
End:  [1.15200e+05 Erid:

= e I = Claar Al |

—Moise Line Eead | Save |

Slope: I—D.5 Wy Fhd vl Sigra(1): [1.00157e-02 i
#Lines =1

Controls
The Read Lines dialog box contains the following controls. Some parameters

do not apply to dl line types.

Control Type Description

Line# Edit Enter # of lineto edit.
Up Pushbutton  Increment line #£.

Down Pushbutton ~ Decrement line #.

Type Combo Select line type.

Tau Group X-Axis line parameters.
Start Edit/Combo  Enter x-axis start of line.
End Edit/Combo  Enter x-axis end of line.
Sgma Group Y -axis line parameters.
Start Edit Enter y-axis start of line.
End Edit Enter y-axis end of line.
Sope: Combo Noise type for fit
Sigma(1) Text Noise line fit parameter.
#Lines Text # of lines entered.
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oK Pushbutton ~ Perform Read Lines function & close dialog

Read Notes Function

box.
Cancel Pushbutton ~ Abort Read Lines function & close dialog box. . Purpose
Help Pushbutton  Invoke the Read Lines help topic. Use the Read Notes function to add annotations to a stability plot.
Print Pushbutton  Print line parameters.
Clear All Pushbutton ~ Clear al lines.
Read Pushbutton  Read line information from INI file.

Save Pushbutton  Save line information in INI file. Read Plot Notes E

Operatign _ _ Note # I__|1 - Up Euoint Size: IB Ll
Select the desired Line #and Type. Enter the applicable Tau Start, Tau Diovwin ¥ Border

End, Sigma Start and Sigma End parameters. Choose the applicable Siope ~ Text — ﬂl
for aNoise Line, and press OK to accept the lines, or Cancel to abort. Press Note #1 ;'

Clear All to remove al lines. Help |

LI Clear All |

—Fosition #Motes =1
fat IW Y ID'|JDDEIDB+DD Readl Savel

Controls
The Read Notes dialog box contains the following controls:

Control  Type Description
Note # Edit Enter the # of the note to edit.
Up Pushbutton Increment the note #.
Down Pushbutton Decrement the note #.
Point Sze  Edit Enter the point size for the note.
Text Edit Enter the text of the note.
Position Group Note position values.
X Edit Enter the x-position of the note.
Y Edit Enter the y-pogition of the note.
#Notes  Text # notes entered.
Border Checkbox Draw aborder around the note.
Read Pushbutton Read line information from INI file.
Save Pushbutton Save lineinformation in INI file.
OK Pushbutton Accept the settings & close dialog box.
Cancel Pushbutton Abort the changes & close dialog box.
Hdp Pushbutton Invoke the Read Notes help topic.
Clear Al Pushbutton Clear al notes.

Operation

Enter the desired plot annotations and press OK to accept them, or Cancel to
abort. Press Clear All to clear al annotations.
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Print Function

Purpose

Use the Print function to print alisting of al or a portion of the current phase or

frequency data.

—Data Type oK
¥ Phase
Cancel
) Erequensy, |
Help |
—Data Range
gt [l W Timetags
End: |1 oot ™ All Data

% Press OK to print selected data.

Controls

The Print dialog box contains the following controls:

Control Type
DataType Group
Phase Radiobutton
Frequency  Radiobutton
Data Range Group

Start Edit

End Edit
Timetags Checkbox
All Data Checkbox

OK Pushbutton

Cancel Pushbutton

Hdp Pushbutton
Operation

Description

Datatype.

Select phase data.

Select frequency data.

Datarange.

Enter first point to print.

Enter last point to print.

Print timetag data.

Print all data.

Perform the Print function & close dialog box.
Abort the Print function & close dialog box.
Invoke the Print help topic.

Choose Phase or Frequency data and enter the Start and End pointsto print,
or check All Data to print al the data. Check Timetags to aso print the
corresponding timetag data. Then press OK to print or Cancel to abort.
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Edit Function

Purpose

Use the Edit function to display, search and edit the current phase or frequency
data. The primary purpose of this function is to examine phase or frequency
data for gaps, outliers and other anomalous values, relating them to their point
number or timetag. For example, this function can be used to quickly find the
date and time of an outlier in a set of frequency data (outlier identification is not
available for phase data). The Edit function is not intended for manua data
entry @ heavy editing tasks. Use Windows Notepad or another ASCII text
editor for that purpose. Notepad (or the substitute defined in the
STABLE32.INI configuration file) can be invoked from within Stable32 from
the Utility/Notepad menu or the Pad toolbutton.

If timetag information is available, check the Show Timetags box to display it.
It is aso helpful to check the Color Gaps and Color Outliers boxes to emphasize
those points. Severd Timetag Formats are available including Modified Julian
Date (MJD), Day of Year (DOY), Date and Exponentia (Exp). The MJD
format also serves to display any decimal numeric format.

The Go To group alows easy access to the data by point number, while the
Find group allows easy access to any gaps and outliers. The Detailed Search
group provides more detailed Find and Replace functions as described in the
next sections of this User Manual.

The Edit After Highlighted Point group alows inserting or deleting a certain
number of points. The inserted points are O's (gaps), and this can be a
convenient way to correct the data for missing points.

Data editing is accomplished by highlighting a data point with the left mouse
button or moving to it with the up or down arrow keys. A new value (such as 0
for a gap) can then be inserted with a numeric key, or the existing value can be
edited by pressing the F2 key (which will activate the EDIT MODE
annunciator). Timetag values are not editable.

Controls
The Edit didog box contains the following controls:

Control Type Description

GoTo Group Go To controls.

Point Pushbutton Go to selected point #.
Number Edit Enter point # to go to.
Find Group Find controls.

Gap Pushbutton Find gap.

Prev Radiobutton  Find previous occurrence.
Next Radiobutton  Find next occurrence.
Ouitlier Pushbutton Find outlier.
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—GoTo
Timetag |
1 1.00000000 :I Paint MNugnket: |1
z 2.00000000 +B.51160103343972-02 _I
3 3.00000000 -2.2047548258606=-01 —Find
4 4.00000000 -1.4707417965748=2-01
5 5.00000000 -3.417563029467 32-01 C Pray & Next
b 6.00000000 -2.14576337040212-01 Slgma
7 7.00000000 55127998567 208%e-01 iz Facior
il §.00000000 -3.7986709938578=-01
] 9.00000000 -2.9386363828828=-01 - Detailed Search
10 10.00000000 -6.54070165765042-01 S | Bl |
11 11.00000000 -7.3555465081034e-01 = =
12 12.00000000 -8.8667199031108e-01
13 1300000000 -7 E8174162481996-01 [ EelAfer (Mgl e (e
14 14.00000000 -7 6265302203245-01 lis | Del I—”
15 15.00000000 -1.2292706657040e+00 - — #
16 16.00000000 -1.1723102679510e+00
7 17.00000000 -5.832151893271 26-01 3 CalbiEmgs L Color Ouliers
18 18.00000000 -1.16060594060162+00 - ¥ Show Timetags
Timetag Format Prass F2 to edit oK
& hJD (00000000.00000000) © DOY (v :DDD:HH:MM:SS) dlata intakle. =
 Exp [+0.00000000002+00) © Date (7 W DDHH MM SS) Help | TEancel
Sigma Factor Edit Enter outlier criterion.
Detailed Search Group Detailed search & replace controls.
Find Pushbutton  Invoke Find function.
Replace Pushbutton  Invoke Replace function.
Edit After Group Insertion and deletion controls.
Highlighted Pt
Ins Pushbutton  Insert gap(s).
Del Pushbutton  Delete point(s).
# Edit # points to insert/delete.
Color Gaps Checkbox  Highlight ggpsin blue.

Color Outliers Checkbox  Highlight outliersin red.
Show Timetags  Checkbox  Show timetags along with data.

Timetag Format  Group Timetag format choices.
MJD Radiobutton Show timetags in MJD format.
DOY Radiobutton Show timetags in DOY format.
Exp Radiobutton Show timetags in exponential format.
Date Radiobutton Show timetags in date format.
OK Pushbutton  Accept editing changes & close dialog box.
Cancel Pushbutton  Abort editing changes & close dialog box.
Hdp Pushbutton  Invoke the Edit help topic.
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Operation

The Edit function can be used for several purposes. The smplest useisto just
display the current phase or frequency data. Check the Show Timetags
control to also display the corresponding timetag data, and use the vertical scroll
bars to scroll through the data. The data point #s are shown in the left column
of the data display. Use the Go To Point # controls to move to a particular
data point. Check the Color Gaps and/or Color Outliers to highlight those
data points. The outlier criterion can be set with the Sigma Factor entry box.
The Color Gaps option highlights timetag intervals that differ by more than +1%
from the starting value, and data points with a value of zero (except the 1st and
last points of phase data).

The Previous and Next Gaps and Outliers can be found using the Find
controls. More elaborate searching is supported by the Find and Replace
functions of the Detailed Search contrals.

Simple editing can be done with the usua editing keys directly in the data
display, including changing, adding and deleting data. (No adjustments are
made in the timetags when data is added or deleted, and the timetag column is
not editable.) Insertion or Deletion of a certain # of pointsis facilitated by the
Edit After Highlighted Point controls. The editing changes can be accepted
with the OK ' button, or aborted by pressing Cancel.

Navigation
A cell may be selected with a mouse click, the scroll bars, or the arrow keys.
A cdl may dso be selected by using one of the Go To, Find or Search
functions. If status bar plots are enabled, the corresponding plot is dynamically
updated during editing, and a small cursor appears above the plot to indicate the
position of the currently selected point.

Editing Data
A new value can be entered directly into the sdlected cell with the numeric
keys. The existing data may be edited by first pressing the F2 key. It is
necessary to delete a portion of the existing data to make room for the new
entries. The usua editing keys apply. The origina value may be restored with
the Esc key, and the changes are accepted with the Enter key.

Caution

Editing changes in phase and frequency data must be made with discretion so
that the integrity of the dataiis not lost.
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Find Function

Purpose
The Find function is a Detailed Search sub-function of the Edit function. Use
the Find function to find phase or frequency data points that meet a particular
criterion. The Replace function is adso available to find and replace phase or
frequency data values.

Find What  [x= | |+852-02 Eind Mext |

Mote: The # of digits entered —Direction—————

dempﬁmesmeseamh & Up  © Down

precisian. Help |
Controls

The Find function uses a modeless didog box that can remain open while the
Edit function is active. It contains the following controls:

Control Type Description
Find What Combo Search type.
Edit Search value.
Direction Group Search direction controls.
Up Radiobutton ~ Search upwards.
Down Radiobutton  Search downwards.
Find Next Pushbutton ~ Perform a Find operation.
Close Pushbutton ~ Abort the Find function & close dialog box.
Hdp Pushbutton  Invoke the Find help topic.
Operation

Select the search criterion with the two Find What controls. The numeric
value aso determines the search precision. Set the search direction with the
Up and Down buttons, and press the Find Next button. The result of a
successful search is displayed in the Edit didog box. Additiona search may be
conducted with the Find Next button. The Find dialog box can be closed with
the Cancel button or by closing the Edit dialog box.
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Replace Function

Purpose
The Replace function is a Detailed Search sub-function of the Edit function.
Use the Replace function to find and replace data phase or frequency data
points that meet a particular criterion. The Find function is dso available to
simply find certain phase or frequency data values.

+B Be-02 Eind Mext

Findwhat [x- ]

Fieplace With: ID.D Beplace MNext

Direction Feplace All

¥ Confirm Replacements

& Up Close

Mote: The # of digits entered
determines the search precision.

0 Do

Help

bl

Controls
The Replace function uses a modeless dialog box that can remain open while
the Edit function is active. It contains the following controls:

Control Type Description
Find What Combo Search type.
Edit Search value.
Replace With  Edit Replacement value.
Direction Group Search direction controls.
Up Radiobutton Search upwards.
Down Radiobutton Search downwards.
Find Next Pushbutton Perform a Find operation.
Replace Next  Pushbutton Perform a Replace operation for one point.
Replace All Pushbutton Perform a Replace operation for all points.
Confirm Checkbox Confirm each replacement.
Close Pushbutton Abort Replace function & close didog box.
Hdp Pushbutton Invoke the Replace help topic.
Operation

Select the search criterion with the two Find What controls. The numeric
value aso determines the search precision. Enter the value that it is to be
Replaced With. Set the search direction with the Up and Down buttons, and
press one of the Find Next, Replace Next or Replace All buttons. The
result of a successful search is displayed in the Edit didog box. Additiona
searches may be conducted with the Find Next button, and additiona
replacements with the Replace Next or Replace All buttons. Close the
Replace dialog with the Cancel button or by closing the Edit didog box.
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Convert Function

Purpose
Use the Convert function to convert between phase and frequency data.

Corvert ________________________H

Comversion

& Fhase to Frequency

£ ErenuencytmFhase

Help

¥ Adjust Zero Freguency

[T Transfer Timetags ™ Use Timetags for Tau

4 Fress OFK to corvert between phase and frequency
data.

Controls
The Convert diaog box contains the following controls:

Control Type Description
Conversion Group Choose conversion type.

Phaseto Frequency  Radiobutton  Select f ® f conversion.
Frequency to Phase  Radiobutton  Select f® f conversion.
Normalize Frequency  Checkbox Remove average frequency before
f® f converson.
Adj Zero Frequency  Checkbox Adjust zero fregq to 1e-9in
f ® f conversion.
Transfer Timetags Checkbox Transfer timetags aong with data.

Use Timetags for Tau Checkbox Use timetags as tau for conversion.

OK Pushbutton Perform conversion & close box.

Cancel Pushbutton Abort conversion & close dialog box.

Hdp Pushbutton Invoke the Convert help topic.
Operation

Select desired Conversion type, and desired Normalize Frequency or
Adjust Zero Frequency, Transfer Timetags, and Use Timetags for Tau
options, then press OK. To abort, press Cancel.

Conversions
Phase to frequency conversion is done by dividing the first differences of the
phase points by the averaging time: y=x.1-xi/t. The inverse frequency to
phase conversion is done by piecewise integration using the averaging time as
the integration interval: X.1=x+yi*. Any gaps in the frequency data are filled to
obtain phase continuity. Two equal adjacent phase values will
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result in zero frequency (which is treated as a gap) unless the Adjust Zero
Frequency option is used (recommended — see below).

Zero Frequency
The conversion of phase data having two equal adjacent values results in a
fractiona frequency value of zero. While thisis correct, it will subsequently be
treated as a gap in the frequency data. That problem (for which there is an
optiona warning during the reading of phase data) can be avoided by using the
Adjust Zero Frequency option during phase to frequency conversion, which will
adjust the frequency value to 1e-99.

Gaps
Gaps in frequency data are filled in the converted phase data with values based
on the average frequency.

Timetags as Tau

The Use Timetags for Tau option alows the time difference between adjacent
timetags to be used as the tau for each point's phase to frequency conversion.
This is not normally used except for non-uniformly spaced data. The tau units
must be in seconds. Timetags in other units (e.g. MJD fractiona days) must be
scaed to seconds (eg. 86400) by the PhaseTagScae multiplier in the
Stable32.ini, which can be entered from the Inputs function (accessed via the
Data File Opened dialog box or the Utilities menu. The average timetag
interval is used as the tau value for the converted frequency data.

Notes
The conversion of phase data having two equa adjacent values results in a
fractional frequency vaue of zero. While this is correct, it would subsequently
be treated as a gap in the frequency data. That problem can be avoided by
usng the Adjust Zero Frequency option during the phase to frequency
conversion, which will adjust the frequency value to 1e-99.

Cautions
Gaps in frequency data are converted to phase data by linear interpolation using
the average frequency value, which can cause a discontinuity in the resulting
phase data.

The Use Timetags for Tau option will fail (generating an error message) if two
adjacent timetags are equal. Frequency data converted from unequally spaced
phase data using the Use Timetags for Tau option will be correct but must have
approximately the same tau to support subsequent analysis.
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Normalize Function

Purpose
Use the Normalize function to remove the average value from phase or
frequency data. This normalizes the data to have a mean value of zero.

Average: -6.403683e-01 OK |

! Cancel

_ Fress OK to normalize data by
¥=0 remowvingthe average walue from
each paint.

Controls
The Normdlize dialog box contains the following controls:

Control Type Description

Average Text Display the mean value.

OK Pushbutton Perform the normalize function & close diadog
box.

Cancel Pushbutton Abort the normdize function & close didog
box.

Hdp Pushbutton Invoke the Normalize help topic.

Operation

Press OK. To abort, press Cancel.
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Average Function

Purpose
Use the Average function to combine groups of phase or frequency data into
values corresponding to a longer averaging time, t. Note: The entire phase or
frequency data array is averaged regardless of the analysis limits.

Awg) Factar: |1 i oK
Cancel
ﬁ" Fress OK 1o awverage data by
- combining points for longer taw. Help |
Controls

The Average dialog box contains the following controls:

Control Type Description

Avg Factor  Edit Enter averaging factor (default = 1).

OK Pushbutton Perform the Average function & close dialog
box.

Cancel Pushbutton Abort the Average function & close diaog
box.

Hdp Pushbutton Invoke the Average help topic.

Operation

Enter the desired Avg Factor, and press OK. To abort, press Cancel (or OK
with default averaging factor = 1).

Phase Averaging
This method of phase data averaging, which is done by smply eiminating the
intermediate data points to form data at a longer tau, corresponds to frequency
averaging. Do not confuse this process with actual averaging of the phase data
(such asis done when computing the modified Allan variance).

Frequency Averaging
Freguency averaging is done by finding the mean value of the data points being
averaged.

Gaps

Gaps (0s) are ignored, and the average will be a gap if al points in the group
being averaged are gaps.
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Fill Function

Purpose
Use the Fill function to fill gaps in the selected portion of phase or frequency
data with interpolated vaues. Leading and trailing gaps are removed, the # of
data points is adjusted, and the andysis limits are reset.

# Gaps: |2

Fress OK to fill gaps in data with
interpolated values.

Controls
The Fill didog box contains the following controls:

Control Type Description
#Gaps Text Display # gaps in data.
OK Pushbutton Perform the Fill function & close dialog box.
Cancel Pushbutton Abort the Fill function & close diaog box.
Hdp Pushbutton Invoke the Fill help topic.

Operation

Press OK. To abort, press Cancel (or OK if # gaps=0).

Caution
The data inserted are Smply interpolated values using the closest non-gap data
points at either side of each gap. No attempt is made to Simulate noise, and the
resulting tatistics are not necessarily valid. It is generaly better practice to
leave gaps unfilled.
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Scale Function

Purpose
Use the Scale function to modify the selected phase or frequency data by an
additive or multiplicative factor, or by adding alinear dope.

Remowe —
Addend:  |+0.0000000000000e-+00 oK
1_st‘\falue|
Multiplier:  {+1.0000000000000s-10 Agerag” ‘Qancm """""" |
Slope:  [+0.0000000000000e-+00 &l Help |

Fress OK to modify data by an additive or multiplicative factar, or by
adding a linear slope.

Controls
The Scale didog box contains the following controls:

Control Type Description
Addend  Edit Enter addend (default = 0).
Multiplier Edit Enter multiplier (default = 1).
Slope Edit Enter dope per t interval (default = 0).
Remove  Group Insert values to be removed from data.
1st Vaue Pushbutton Insert -1st value into Addend.
Average Pushbutton Insert -average value into Addend.
Line Pushbutton Insert -linear dope vaueinto Slope.
OK Pushbutton Perform the Scale function & close dialog box.
Cancel Pushbutton Abort the Scale function & close dialog box.
Hdp Pushbutton Invoke the Scale help topic.
Operation

Enter the value of the Addend, Multiplier, and/or Slope to be added to the
data. Or automatically insert the negative of the 1st Value or Average into
the Addend, or the negative of the Linear dope into the Slope. Then Press
OK to scalethe data, or Cancel (or OK with defaults) to abort.

Scaling Equation
The data is scaled according to the following equation:

Scaled Vaue=(Origina Vaue-Multiplier)+Addend+(Slope-Data Point #).
Caution

It is possible to scade only a portion of a data array, but this is unlikely to
produce a satisfactory overall result.
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Part Function

Purpose
Use the Part function to clear al except a portion of the current phase or
frequency data. The Part function changes the data in memory. Use the
analysis limits on the status bar to temporarily change the range of the data to
be analyzed.

Part E
—Data Range
: , QK
Point # Timetag
Start: |1| :fl|Date=ZDD1:I35:U?Time=14:35:1D Close |
End: |95781 :tl|Date=ZDD1:I35:1BTime=19:21:50 Halp I

—Timetag Type
=] Press OKto remove all except selected
- ]
IDEITE _‘i part of data.

Controls
The Part dialog box contains the following controls:

Control Type Description
DataRange  Group Controls for entering data range to select.
Point # Static Start and end point #s.
Start Edit Start data point #.
+- Pushbuttons  Increment/decrement start point #.
End Edit End data point #.
+- Pushbuttons  Increment/decrement end point #.
Timetag Static Start and end timetag data.
Timetag Type Combo Choose timetag type
OK Pushbutton  Perform the Part function & close diaog box.
Cancel Pushbutton  Abort the Part function & close dialog box.
Hdp Pushbutton  Invoke the Part help topic.

Operation

Enter the Start and End data points to be selected. If timetags are available,
choose the desired Timetag Type to help select the desired data points. Use
the Press OK to delete the data outside these limits, or Cancel to abort.

Timetag Display

Timetags can be displayed for the start and end data points in MJD, DQY,
Date or general exponential format.
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Statistics Function

Purpose
Use the Statistics function to display basic dtatistics for, and a smple plot of,
phase or frequency data. The full filename and the following statistics are
displayed:

Point Range  #Points #Gaps  Minimum  Maximum

Average Median Std Dev  Sigma Noise Type

Statistics | x|
File: PHASE <3|  PhaseData (le+00/div)  [Zoom:20%
Faints: 228-730 ‘\

# Points: 503 -

#Gaps: 0 } ﬂij l\l'l lﬂﬂ

W

Maxirmum; +2.794732e+00 ul f \
Minimurn: -3609895e+00 |4 W Y | T
Average: -4.963155e-01 w1 R
N b

Median: -5.133007e-01 "
Std Dew:  2.881068%9e-02 ™Y
Sigma:  2.913097e-02

Moise: W FMia=0)

Copy | an | |

1

I\
I
i . [Point=652
Basic Staisties | TMEH09% Ly 0760000 [ Goce |
far Flotted Data |N0ne ,I Help |

Controls
The Statigtics diadlog box contains the following contrals:

Control  Type Description

File Text Data filename.

<> Pushbutton Swap data type.

Plot Tile  Text Plot type and scale factor.

Statistics  Text Basic statistics for data (see above).

Plot Grgphic Dataplot.

Scrollbar ~ Scrollbar Data selection.

Point Text Data display.

Zoom Text Box Zoom factor.

Track Checkbox Enable scroll tracking.

Copy Pushbutton Copy plot to clipboard.

Timetags Combo Select timetag type.

All Pushbutton Select dl data

Close Pushbutton Close the Statistics dialog box.

Hdp Pushbutton Invoke the Statistics help topic.
Operation

Use the mouse cursor to select data points for numeric display, and the
scrollbar to sdect them for statistics and plotting. Zoom and un-zoom the
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plot with the R and L mouse buttons. The Track checkbox determines if the
plot updates during scrolling. Disable tracking for large data sets and/or dow
computers. Use the Timetags box to select the timetag display for data that
has them. The All button selects dl the data and disables the scrollbar, and the
<-> button switches between phase and frequency data (if equivalent data
exists). Press the Close button to close the Statistics dialog box.

Zooming
The plot and statistics can be zoomed in and out by clicking the R and L mouse
buttons while the cursor is in the plot. The zooming is centered on the mouse
position. The width of the scroll box (thumb) indicates the relative span of the
plat, and the zoom factor is shown in its text box. The status bar plots are not
affected by Statistics plot zooming, and, if set to the full range, can serve as a
guide to the overal data

Scrolling

The usua horizontal scrolling operations apply. Dragging the scroll box scrolls
the plot. Clicking on the L and R arrows, or pressing the left/up or right/down
arrow keys, moves the plot one point in the corresponding direction. Clicking on
the L and R scrollbar shaft regions, or pressing the page up or page down keys,
moves the plot one plot width in the corresponding direction. Pressing the home
or end keys moves the plot to the first or last point. The scrollbar must have the
input focus (be blinking) for the keyboard inputs to work. During scralling, the
point range is shown in the text box below the scrollbar.

Plot Scale
The plot is scaled to a standardized value at the top of the plot. During
scrolling, the plot scale and/or # of divisons may change.

Average
A green horizonta line is drawn to show the average value of afrequency plot.

Data and Timetag Readout
Data point #s and their corresponding values are shown in the text box below
the plot when the mouse cursor isin the plot region. Phase dataisread at the
points, while freq data is read on the horizontal lines that show the averaging
time. Timetags can also be displayed for the selected data point in MJD, DOY,
Date or general exponential formats.

Data Type Switching
Use the <-> button to switch between equivalent phase and frequency data at
the same zoom factor.

Caution

The Statistics function can be sow when processing frequency data having
many repeated values because of the function used to find the median vaue.

130

Check Function

Purpose
Use the Check function to check for and remove outliers from frequency data.

Sigrna Eactor: IE.DEID

# Outliers: 2 Close |
[T Bemowe All Qutliers Help |
J Press Calctofind and _Dptiunally B T ek

remonwve frequency outliers.

Controls
The Check dialog box contains the following controls:

Control Type Description

Sigma Factor Edit Enter desired outlier criterion

# Outliers Text Display the # of outliers

Remove All Checkbox Remove all frequency outliers

Show Details ~ Checkbox Show detailed Check dialog box

Calc Pushbutton ~ Perform Check function & close dialog box.
Close Pushbutton ~ Abort Check function & close dialog box.
Hdp Pushbutton  Invoke the Check help topic.

Activating the Show Details option adds the following controls to the Check
didog box:

Sigma Factr [5.000 [
(i + 3 (0000 0000nE- 00 Mad Abs Dew (367205101 Ciaea
# Ouliers: 2 Eriet
Famous Cullsr Copyx
f Hna e E:;I:::I: Help
Al
Sar drder - Larges J E’;;ﬂ";;ﬂ":;w
& Fogian r Biee " Selachad fraquancy aullisrs.
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Control Type Description

Sort Order Group Choose sort order.

Position Radiobutton  Sort outliers by position.

Size Radiobutton ~ Sort outliers by size.

Sigma Factor Edit Enter sigma factor.

Med AbsDev  Text Display MAD vaue.

Remove Outliers Group Choose type of outlier removal.

None Radiobutton  Don't remove any outliers.

All Radiobutton  Remove dl outliers.

Largest Radiobutton  Remove the largest outlier.

Selected Radiobutton  Remove the selected outlier.

Print Pushbutton Print outliers.

Copy Pushbutton ~ Copy outliersto clipboard.
Operation

Observe the # of Outliers that meet the default 5s criterion. Enter the desired
outlier criterion in the Sigma Factor box, and press Calc to find the # of
outliers that meet this criterion. Optionally check the Remove All Outliers
checkbox and press OK to replace them with gaps, or press Close to abort the
Check function. The detailed Check didog box also presents a list of the
outliers, allows a choice of sorting by Position or Size (absolute deviation from
median), and removing None, All, the Largest or the Selected outliers.
Pressing Print will print a list of the outliers and Copy will copy them to the
clipboard.

Outlier Recognition
Stable32 uses the median absolute deviation (MAD) as its means of outlier
recognition. The MAD is arobust statistic based of the median of the data. It
is the median of the scaled absolute deviations of the data points from their
median value, defined as MAD = Median{ |y(i)- m|/0.6745},
where m = Median { y(i) }, and the factor 0.6745 makes the MAD equal to the
standard deviation for normally distributed data. Each frequency data point,
y(i), is compared with the median value of the data set, m, plus or minus the
desired multiple of the MAD.

Limits
The Check function does not work with phase data, which must be converted to
frequency data to apply the Check function.

Auto Calc
A check can be done automaticaly when the Check function is invoked by
setting the AutoCdlc item in the Configure function.

Caution
Judgment is required when removing outliers. Automatic outlier remova is
convenient for quickly plotting and analyzing frequency data, which may have to
be removed to obtain meaningful results. While it provides a degree of
objectivity, the analyst is ill responsible for decisions regarding outlier removal.
It is particularly important to explain all phase discontinuities.
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Drift Function

Purpose
Use the Drift function to analyze phase or frequency data for frequency drift,
or find frequency offset in phase data. It is common to remove the
deterministic frequency drift from phase or frequency data before analyzing the
noise with Allan variance stetistics. It is sometimes useful to remove only the
frequency offset from phase data.

Drrift Type: ILinear LI
Slope: 1.0135912+00 Close |
[ Bemowe Drift Help |
! % Fress Calctofind or remowe drift, [T Show Details
Controls

The basic Drift didog box contains the following controls:

Control Type Description

Drift Type Combo Select drift analysis type.

Sope Text Display dope vaue.

Remove Drift Checkbox Remove drift from data.

Calc Pushbutton ~ Perform the Drift function.

Close Pushbutton  Abort the Drift function & close dialog box.
Hdp Pushbutton  Invoke the Drift help topic.

Show Details  Checkbox Show detailed Drift dialog box.

Activating Show Details adds the following contrals to the Drift dialog box:

Drritt Type: ILinear hd l Fit Parameters Calc :
& 4586856e+01
Close |
Moise Maodel: I‘Whne Fhd b |1_D13591B+DD
Help
Equations ———————— . "
= Mot Applicable
witj=a+bt ¥ Show Details
y'(=h

Slope: [1.0135912+00

™ Bemove Drift
% Press Calcto find or remove drift
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Control Type Description

Noise Model  Text Noise model for the drift type.
Equations Group Equations for the drift fit.
Fit Parameters Group Results of drift fit.
abandc: Text Fit parameters.
Operation

Select the desired Drift Type, and optionaly check Remove Drift. Then
press OK to find (and optionaly remove) the drift, or Cancel to abort. The
Show Details checkbox changes the dialog box to a detailed format, and the
Help button invokes a Help screen. A changed Drift Type clears the results.

Detailed Drift Dialog Box
The detailed Drift didog box provides additiona information about the drift
analysis. The Noise Model is the power law noise process corresponding to
the selected drift type that provides white residuas. The Equations box shows
the equations for the noise fit, while the Fit Parameters box shows the values
of the all the fit parameters.

Drift Analysis Methods
Several drift methods are available for both phase or frequency data as
described below. The best method depends on the quality of the fit, which can
be judged by the randomness of the residuals.

Data Method Noise M odel
Phase  Quadratic Fit W PM
Phase  Avg of 2nd Diffs RW FM
Phase  3-Point Fit W & RW FM
Phase Linear Frequency Offset
Phase  Avg of 1st Diffs Frequency Offset
Phase  Endpaints Frequency Offset
Freq Linear Fit W FM
Freq Bisection Fit W & RW FM
Freq Log Fit Stabilization
Freq DiffusonFit Diffusion
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Phase Data
Three drift methods are available to analyze frequency drift in phase data:
1. Thefirst isaleast squares quadratic fit to the phase data:
x(t) = a+ bt + c, where y(t) = X'(t) = b + 2ct, dope =y'(t) = 2c.

This method is optimum for white PM noise. It is the default, and is aso
the method used for drift analysis when plotting phase data.

2. The second method is the average of the 2nd differences of the phase
data:

y(t) = [x(t+t)- x(O)1/t, dope = [y(t+t)- y(t) I/t =[ (t+2t)- 2x(t+t)+x(O]/t>.
This method is optimum for random wak FM noise.

3. The third method uses the 3 points at the start, middle and end of the phase
data:

dope = 4[x(end)- 2x(mid)+x(start)]/(Mt )2, where M = # data points.
It is the equivalent of the bisection method for frequency data

Frequency offset may be calculated in phase data by either of three methods:

1. Thefirst (optimum for white PM noise) uses a least squares linesr fit to the
phase data:

x(t) = a+ bt, where dope = y(t) = b.

2. The second method (optimum for white FM noise) uses the average of the
first differences of the phase data:

y(t) = dope = [x(t+)- (O]t

3. The third method simply uses the difference between te first and last
points of the phase data:

dope =y(t) =[ x(end) - x(start) ] / (M-1), where M = # phase data
points.
This method is used mainly to match the two endpoints.
Frequency Data
Four drift methods are also available for frequency data:
1. The first, the default, is a least squares linear regression to the frequency
data:

y(t) = at+bt, where a = intercept, b = dope = y'(t).
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This is the optimum method for white FM noise.

2. The second method computes the drift from the frequency averages over
thefirst and last halves of the data:

dope=2[ y(2nd hdf) - y(1st half) ] / (Nt), where N = # points.

This bisection method is optimum for white and random walk FM noise.
3. Thethird method, alog model of the form (see MIL-O-55310B):

y(t) = aln(bt+1), where dope = y'(t) = ab/(bt+1)

which applies to frequency stabilization. It is available in the Plot function
for frequency data.

4. Thelast frequency drift method is a diffusion (&X) model of the form:
y(t) = at+b(t+c) Y2, where slope = y'(t) = Yab(t+c) V2.
It is also available in the Plot function for frequency data.
Auto Calc

A drift analysis can be done automatically when the Drift function is invoked by
setting the AutoCalc item in the Configure function.
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Sigma

Purp
Use the Si

Function

ose
gma function to calculate Allan or Hadamard variance stetistics for

the selected portion of the current phase or frequency data at a single averaging
time. (The Run function is available for performing these calculations over a
range of averaging times.)

“ariance Type: INDrmal j
Awg Factar: |1 Llose |
, Help |
Sigma: 2.992905e+01
qj@ P_ress Calcto calculate selected ™ Show Details
sigma type.
Controls

The basic Sgma diaog box contains the following controls:

Control Type Description

Variance Type Combo Choose desired variance type.

Avg Factor Edit Enter averaging factor.

Sgma Text Display Sigma result.

Show Details  Checkbox  Select detailed Sigma dialog box format.

Calc Pushbutton ~ Calculate sgma.

Close Pushbutton Close Sigma didog box & restore previous
data.

Stop Pushbutton  Abort MTOT, TTOT or MTIE calculation.

Hdp Pushbutton  Invoke the Sigma help topic.

Activating the Show Details option adds he following controls to the Sigma

didog box:
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Control Type Description
BW Factor Edit Enter bandwidth factor.
Tau Text Display tau.
Std Dev Text Display standard deviation.
BVYR(n) Ratio Text Display B1 or R(n) ratio.
Noise Text Display estimated noise type.
Alpha Text Display estimated a value.
Mu Text Display estimated mvalue.
Kn Text Display Kn value.
T/Tau Edit Enter deadtime ratio.
B2 Text Display B2 value.
B3 Text Display B3 vaue.
# AnalysisPts  Text Display # analysis points.
Max Sigma Text Display maximum sgma value.
Min Sigma Text Display minimum sigma vaue.
Copy Pushbutton  Copy analysis results to clipboard.

Show Details Checkbox  Deselect detailed Sigma didog box format.
Set Noise Checkbox  Set noise to user-selected type.
Noise Combo Select noise type when Set Noise is checked.

Variance Types
The 2-sample or Allan variance is the principal method for describing the
stahility of a frequency source in the time domain. Several types of Allan or
Hadamard variance may be calculated as shown in the table below:

Variance Abbreviation Symbol
Normal AVAR S2(t)
Overlapping AVAR S2(t)
Modified MVAR Mod s2(t)
Time TVAR S2,(t)
Hadamard HVAR Hs?2(t)
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Overlap Had HVAR Hs2y(t)

Total TOTVAR S2galt)
Mod Total MTOT Mod s24 ()
Time Total TTOT S2% toa (1)
TIErms

MTIE

These are dl functions of the averaging time, t, and are usualy expressed as
their square-roots (the deviation or sigma), Sy(t), Mod sy(t), Sx(t), Stwa(t),
Mod Sia(t), and Hsy(t), abbreviated as ADEV, MDEV, TDEV, TOTDEV,
MTOTDEV and HDEV respectively. The TIE rms and MTIE stetistics apply
only to phase data.

Operation

The Sigma function begins with the selection of the Variance Type and the
Avg Factor, the # of t ; measurement intervals averaged to form the averaging
time t. Entering an ‘m’ or ‘M’ will give the maximum alowable averaging
factor. The Calc button will then calculate the desired Sigma vaue. The Show
Details checkbox will change the didog box to a more detailed format as
described below. The Help button invokes this Help screen, while the Close
button closes the diadlog box. A change in either the Variance Type or Avg
Factor clearsthe results.

Detailed Sigma Dialog Box

The detailed Sigma didog box provides additional options and results. The
Variance Parameters group box adds a BW Factor entry and adisplay of the
Tau value. The BW Factor is equal to 2fito, where fy is the upper cutoff
frequency of the measuring system in Hz, and applies only to flicker PM noise.
The Sigma Results group box adds a display of the Std Dev (standard
deviation). The Noise Type group box shows several parameters associated
with the power law noise type, based onthe B1 or R(n) Ratio. Thisratio is
used to estimate the Noise type and corresponding Alpha, M u, and (for normal
AVAR) Kn vaues as described below. The a vdue is the exponent of the
S/(f) noise process, and the mis the sy(t) log-log slope. See the Noise
Processes and Noise Spectra Help screens for more information about those
subjects. Confidence Interval information is displayed in the center group
box. The Kn value is used to determine the confidence limits for the normal
sgma.  Chi-squared statistics are used for the overlapping, modified, time, and
totl sigmas, and the C? vaue is displayed. A bias correction is applied
automatically as needed to the tota sigma value. No confidence interva
method is available for the Hadamard sigma.  Activating the Set Noise
checkbox opens a Noise combo box that allows selection of a particular noise
type.

Normal Allan Variance
The norma Allan variance function calculates the originad sy(t) and the
standard deviation, and uses their ratio to estimate the noise type and the
confidence interval of the Allan deviation.
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Overlapping Allan Variance
The overlapping Allan variance function aso calculates ad displays sy(t),
using fully-overlapping samples. It also estimates the noise type, and uses that
to determine the # of degrees of freedom. It then establishes single or double-
sided confidence intervals for the Allan deviation based on a certain confidence
factor.

Modified Allan Variance
The modified Allan variance function requests the averaging factor and
bandwidth factor for the measuring system, BW = 2pfyt o, where fy, is the upper
cutoff frequency in Hz. It then calculates sy(t) and Mod sy(t), and uses their
raio to estimate the noise type. This function then continues with the
determination of single or double-sided confidence intervals for the modified
Allan deviation for the estimated noise type and desired confidence factor.

Time Variance
The time variance, TVAR, is a measure of time stability based on the modified
Allan variance.

Hadamard Variance
The Hadamard variance uses 3 (rather than 2) fractional frequency samples,
which dlows it to converge for a = -3 (Flicker Wak FM) and a = -4
(Random Run FM) noises, and causes it to be unaffected by linear frequency
drift.

Overlapping Hadamard Variance
The overlapping Hadamard variance uses fully overlapping samples to caculate
the Hadamard variance.

Total Variance
The total variance TOTVAR uses a double reflection method to form a sy(t)
edtimate with better confidence at long averaging times. See the Tota
Variance help screen for more information about this new time-domain stability
measure.

Mod Total Variance
The modified total variance MTOT aso uses a double reflection method to
form amod sy(t) estimate with better confidence at long averaging times. See
the Modified Total Variance help screen for more information about this new
time-domain stability measure.

Time Total Variance
The time tota variance, TTOT, is a measure of time stability based on the
modified total variance.

TIE rms
Thermstimeinterva error, TIE rms, is the rms value of the time deviations. It
can be calculated for phase data only.
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MTIE
The maximum time intervd eror, MTIE, is maximum value of the time
deviation over amoving window. It can be calculated for phase data only.

Power Law Noise Type Estimates
The type of power law noise is estimated for each of the Allan variance types
by using ether the B1 ratio (the ratio of the standard variance to the Allan
variance for zero dead time) or R(n) (the ratio of the modified to normal Allan
variances) as shown in the following table. The bandwidth factor BW=2pft,
(where fy, is the measuring system bandwidth in Hz) applies to the R(n)
calculation for flicker PM noise.

Variance Noise Estimation Method
Normal B1 Retio

Overlapping B1 Ratio

Modified R(n) Ratio plus R(n) for a=1,2
Time R(n) Ratio plus R(n) for a=1,2
Hadamard None

Overlap Had B1 Ratio

Total B1 Retio

Mod Total R(n) Ratio plus R(n) for a=1,2
Time Total B1 Ratio plus R(n) for a=1,2
TIErms None

MTIE None

Confidence Intervals
Single or double-sided confidence intervas are determined using the # of
andysis points, estimated noise type and method shown in the following table.
These are then used to cdculate the corresponding maximum (and optionally)
minimum sigma vaues.

Variance Cl Method
Normal Kn factor
Overlapping c2 dtatistics
Modified c2 statistics
Time c2 gatistics
Hadamard None
Overlap Had c2 datistics
Total c2 gatistics
Mod Total c2 statistics
Time Total c2 gatistics
TIE rms None
MTIE None
Auto Calc

A sigma calculation can be done automatically when the Sigma function is
invoked by setting the AutoCalc item in the Configure function.
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Power Function

Purpose
Use the Power function to plot the power spectra density of the current phase
or frequency data.
B (1Y L - (. EF: SFECTRLLY E P |
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Controls
The Power diadlog box contains the following controls:

Control Type Description

Title Combo Edit or sdlect plot title.
Default is POWER SPECTRUM.

SubTitle Combo Edit or sdlect plot subtitle.
Default is filename.

M essage Combo Edit or select plot message.

Msg Position Lis Select message position.
Default is top l€ft.

Carrier Freg Edit Enter carrier frequency.
Default is 10 MHz.

X-Axis Group X-axis parameters.

Label Text X-axislabd (not editable).

# FFT Points Text # Fourier frequency points.

Always the power-of-2 £ n/2,
where n = # data points.

Fourier Interval Text Spacing between frequency points
=1nt.

Max Fourier Freq Text Highest frequency point = 1/2t .

Read Config Pushbutton Read plot configuration data.

Save Config Pushbutton Save plot configuration data.
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Pot File Edit Enter file plot name. Default is
SPECTRUM.TKF

Y -Axis Group Y -axis parameters

PSD Type Lis Select PSD type: Si(f), S(f) or £(f)
for phase data, or S,(f) for freq data.

Windowing Type List Select FFT windowing type: None,
(Rectangular), Hanning or Hamming.

# Windowings Lis Select # windowings (0-3).

PSD File Edit Enter PSD filename.

Options Group Plot options.

Date Checkbox Show date on plot.

Box Checkbox Draw box around plot.

Cursor Checkbox Activate mouse cursor for plot.

Fit Checkbox Draw |east-squares power law line
through octave band PSD averages.

Pts Checkbox Show FFT points on plot.

Info Checkbox Show windowing and carrier
frequency information on plot.

Wide Checkbox Draw wide lines on plot.

Plot Pushbutton Plot power spectrum.

Close Pushbutton Close Power Spectrum diaog box.

Hdp Pushbutton Invoke the Power help topic.

Reset Al Pushbutton Reset all plot attributes to defaullts.

Operation

Enter the desired Title, Sub Title, M essage and message Position. Select
the desired PSD Type, Windowing Type and # Windowings. Enter the
Carrier Frequency value for S(f) or £(f) PSD types. Use the Date, Box,
Cursor, Fit, Pts and Info checkboxes to select the desired options. Then
press Plot to plot the power spectrum, or Close to close the Power Spectrum
diaog box.

Display of the FFT points and octave-band fits are controlled by the Pts and Fit
boxes, and the Info box controls the display of the FFT information. Checking
the Wide option causes the stability data to be plotted with wide lines. This can
be useful for producing plots with better visihility for presentations. The Cursor
option will activate the mouse during a plot to draw lines and display plot
coordinates. Use the Esc key to deactivate it before closing the plot.

Zero padding is used, if necessary, to raise the # of time series data points to
the next larger power-of-two.

The PSD results (Fourier frequency and Log PSD) are written to a data file
with the default filename PSD.dat.

See the Speciad Characters help topic for information about adding subscripts,
superscripts, Greek |etters, etc. to power spectrum plot titles and subtitles.
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PSD Windowing
Data windowing is the process of applying a weighting function that fals off
smoothly at the beginning and end to avoid spectral leakage in an FFT analysis.
Without windowing, bias will be introduced that can severdly restrict the
dynamic range of the PSD result. The Stable32 program offers a choice of
four windowing types: None, Hanning, Hamming and Multitaper. The classic
Hanning and Hamming windows can be applied for 1 to 3 times.

PSD Averaging

Without filtering or averaging, the \ariances of the PSD results are aways
equal to their values regardless of the size of the time domain data set. More
data provides finer frequency resolution, not lower noise (while the data
sampling time determines the highest Fourier frequency). Without averaging,
for white noise, each spectra result has only 2 degrees of freedom. Some sort
of filtering or averaging is usualy necessary to provide less noise in the PSD
results.  This is accomplished in Stable32 by dividing the data into sections,
performing an FFT andysis on each section separately, and then averaging
those values to obtain the final PSD result.

The averaging factor can be selected in integer power-of -2 increments, which
improves the PSD standard deviation by the square root of the averaging
factor. The tradeoff in this averaging process is that each section of the datais
shorter, yielding a result with coarser frequency resolution that does not extend
to as low a Fourier frequency.

Multitaper PSD Analysis
The Stable32 Power function also includes a multitaper PSD analysis method
that offers a better compromise between bias, variance and spectral resolution.
Averaging is accomplished by applying a set of orthogonal windowing (tapering)
functions called discrete prolate spheroidal sequences (DPSS) or Slepian
functions to the entire data array. An example of seven of these functions for
order J=4 is shown below.

Slepian DPSS Taper Functions, J=4, #=7
2 - 5 1\
VLB A

N7
AV

Taper Amplitude

0 200 400 600 800 1000
Data Point
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The 1<t function resembles a classic window function, while the others sample
other portions of the data. The higher windows have larger amplitude at the
ends that compensates for the denser sampling at the center. These multiple
tapering functions are defined by two parameters, the order of the function, J,
which affects the resolution bandwidth, and the # of windows, which affects
the variance. A higher J permits the use of more windows without introducing
bias, which provides more averaging (lower variance) at the expense of lower
spectral resolution. Thisis shown in the following table:

Order J # Windows

20 1-3
25 1-4
3.0 15
35 1-6
4.0 1-7
45 1-8
50 19

The resolution BW is given by 2JNt where N is the # of data points sampled at
time interval t. An adaptive algorithm is used to weight the contributions of the
individual tapers for lowest bias. The multitaper PSD has a flat-topped
response for discrete spectral components that is nevertheless narrower than an
averaged periodogram with the same variance. It is therefore particularly
useful for examining discrete components along with noise.

Notes
The carrier frequency parameter applies only to the Sf(f) and £(f) PSD types.
The # of Fourier frequency points is aways the power of 2 greater than or
equal to 1/2 of the # of time domain data points, n. The spacing between
Fourier frequency points is 1/nt, and the highest Fourier frequency is 1/2t. If
averaging is done, the value of n is reduced by the averaging factor. The PSD
fit is aleast-squares power law line through octave-band PSD averages.

The Stable32 Power function is intended primarily for the andysis of noise (not
discrete components), and includes the quantitative display of power law noise
in common PSD units, with fits to integer power law noise processes.
Amplitude corrections are made for the noise response of the windowing
functions. The amplitude of discrete components should be increased by the log
of the BW (Fourier frequency spacing in Hz), which is a negative number for
typical sub-Hz bandwidths.

The cursor can be used to help identify the frequency and amplitude of discrete
components on the PSD plot. Press the ESC key to deactivate it before closing
the plot.

Caution
The PSD results are based on time units of seconds.
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Example
An example of a power spectrum plot is shown below:

GraphiC/¥in - spectrum_tkf
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Histogram Function

Purpose
Use the Histogram function to plot a histogram of the current phase or
frequency data.

Histogram Plot m
Title: [HISTOGRAM =] Plat I

SubTitle Iphase.dat LI Close |
Message: I LI
kMessage Position: ITDp Left - Read Config | Sawe Config | ﬁl
Plat Filename: [Cvstablea2\HISTO.TKF Eizei Al
— e hixis
Label: Data value (Label:#Pomts Per Bin
— Options
¥ Date W Box I Cursar W Eit [T Mormalize
Controls
The Histogram dialog box contains the following controls:
Control Type Description
Plot Pushbutton  Plot histogram.
Title Combo Enter or select plot title.
Default is HISTOGRAM.
Sub Title Combo Enter or select plot subtitle.
Default isfilename.
Message Combo Enter or select plot message.
Default is Mean Removed value.
Msg Position List Select message location. Default is
top left.
Plot Filename  Edit Enter plot filename. Default is
HISTO.TKF.
X-Axis Group X-axis parameters.
Label Text X-axislabel (not editable).
Y -Axis Group Y -axis parameters.
Label Text Y -axis label (not editable).
Options Group Plot options.
Date Checkbox Show date on plot.
Box Checkbox Draw box around plat.
Cursor Checkbox Activate mouse cursor for plot.
Fit Checkbox Draw normal curve fit on plot.
Fill Checkbox Fill histogram bars.
Normalize Checkbox Normalize data for zero mean. If

grayed, normdlization is required.
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Mean Removed Text Vaue of average value removed from data.
Read Config Pushbutton ~ Read plot configuration data from

STABLE32.INI.
Save Config Pushbutton ~ Save plot configuration datain
STABLE32.INI.
Reset All Pushbutton  Reset al plot attributes to defaults.
Close Pushbutton  Close the Histogram dialog box.
Hdp Pushbutton  Invoke the Histogram help topic.

Operation

Enter the desired Title, Sub Title, M essage, message Position and Options.
Check Normalize to remove the mean vaue from the data. This may be
required if the data has relatively small variations around a large average value.
Normdlization does not permanently affect the data in memory. If the
Normalize checkbox is grayed, normalization is required and will be done
automatically and the mean vaue removed will be displayed as the default
message. The original data is not affected. The Fill control can be used to
diminate the filled histogram bars for better printouts. Then press Plot to plot
the histogram, or Close to close the Histogram diaog box.

Example
An example of a histogram plot is shown below:

File Edit Draw Convert Help

Plot Function

Purpose
Use the Plot function to control the plotting of the current phase or frequency
data.
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Controls
The Plot dialog box contains the following controls:
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Control Type

Plot Pushbutton
Options  Pushbutton
Lines  Pushbutton

Description
Plot the current phase or frequency data.

Select plot options.
Add linesto the plot.

Notes  Pushbutton Add notes to the plot.
Close  Pushbutton Abort the Plot function & close diadlog box.
Hdp Pushbutton Invoke the Plot help topic.

Operation
Simply press the button for the desired plotting function.

Auto Plot

Plotting can be done automatically, bypassing the Plot function dialog box, by
setting the AutoPlot item in the Configure function.
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Data Plot Function

Purpose
Use the Data Plot function to generate a plot of the current phase or frequency
data.
GraphiC/Win - phase tkf [_ O] x]
File Edit Draw Convert Help
Dole, 0240798 e MET0,A8 [rin Polms 1 qhry 100N of OO0 T 1,M00I000e + 00 Fhe, prome.dol
PHASE DATA
5.0 phoes dat
2
250 o e .
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Data Point
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Plot Options Function

Purpose

Use the Plot Options function to control the attributes of the data plot.

FPhase Plol Options
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Scale e [4.50000a+00
Date bfire -4 7078G=-+00
Sealebin: [550000e+00

wvow o #Ticks: |5

Controls
The Plot Options dialog box contains the following controls:
Control Type Description
Title Edit Enter plot title.
SubTitle Edit Enter plot subtitle.
M essage Edit Enter plot message.
Position Combo Choose message position.
X-Axis Group X-AXis parameters.
Label Edit Enter x-axis labdl.
Keep 8 Checkbox Keep X-axis labe for next plot.
Offset Edit Enter x-axis scale offset.
Multiplier Edit Enter x-axis scale multiplier.
# X Divs Edit Enter # x-axis mgjor scale divisons
Start 3 Edit Enter starting point #
End 4 Edit Enter ending point #
Y -Axis Group Y -Axis parameters
Label Edit Enter y-axis labdl.
Offset Edit Enter y-axis scale offset.
Multiplier Edit Enter y-axis scale multiplier.
DataMax  Text Display maximum data vaue.
ScaleMax  Edit Enter y-axis scale maximum.
DataMin  Text Display minimum data value.
ScaeMin  Edit Enter y-axis scale minimum.
#Y Divs Edit Enter # y-axis mgjor scale divisions.
#Ticks Edit Enter # y-axis minor scale ticks.
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Options Group Plot options (curve fits).

Type Combo Choose line options.

Date Checkbox Show date on plot.

Box 5 Checkbox Draw box around plot.

Fit 6 Checkbox Show fit parameters at bottom of plot.

Wide Checkbox Use wide lines for data plot

Cursor 7 Checkbox Activate mouse cursor.

Plat Fle Edit Enter plot filename.

Read 1 Pushbutton Read plot configuration data

Save 2 Pushbutton Save plot configuration data

Reset All Pushbutton Reset all plot attributes to defaullts.

OK Pushbutton Set plot attributes & close dialog box.

Cancel Pushbutton Abort changes & close dialog box.

Hdp Pushbutton Invoke the Plot Options help topic.
Operation

Enter the desired plot attributes and press OK to accept them, or Cancel to
abort. Press Reset All to reset dl attributes to their default values.

Both of the Stable32 phase and frequency data plots have defaults that give
reasonable plots automatically. Common changes are to modify the Subtitle,
Title, to add a M essage, and to Scale and re L abel the axes. Standard and
previous titles, subtitles and messages may be selected from their combo box
controls. Several curvefits are available from the Options box, as described in
the Drift function. The xaxis is rescaled automatically when new time units
are selected. Since the x-axis (time) scale is determined automaticaly, use the
# X Divs to adjust an awkward x-axis scale. It is common to adjust the y-axis
Multiplier (eg. 1e+12) when the units (eg. pp10™®) are changed. When this
done for frequency data, entering a pplO labe automaticaly adjusts the
multiplier value. The plot options, when accepted with OK, “stick” between
didog box openings. User-entered titles, subtitles and messages are pushed
onto their respective list boxes with a CR, Tab or other focus change. Up to six
such options are automatically saved, recalled and linked between the various
plot option dialog boxes. The plot options may be saved and recaled in the
STABLE32.INI configuration file between program runs with the Save Config
and Read Config buttons. These configuration data contain additiona
parameters (such as axis labels and scale factors) for each plot type. The
configuration file is read and saved automaticdly if the corresponding box is
checked in the Configure dialog box. The Keep box may be checked to retain
the x-axis settings for future plots. When using the default directory, new
Stable32 GraphiC plot files (PHASE. TKF, FREQ.TKF, SPECTRUM.TKF and
HISTO.TKF) will overwrite the previous ones. If it is desired to keep one of
these files, it is important to rename it either from within the corresponding
diadog box before plotting or manually from the command line after the plotting
operation. Plot files may also be sent to another directory by changing the Plot
Filename (or Plot File) fidd in the Plot Options didog box. When the
SmartScale configuration option is on, the default y-axis phase
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data plot scales are, whenever possible, set to standard units like microseconds
and nanoseconds, and the frequency scales to ppl0*XX notation. Checking the
Cursor option activates crosshairs on the plot whose position is indicated at the
right end of the GraphiC menu bar (please ignore the strange characters). This
option also activates a line drawing festure. The right mouse button starts aline
and the right button ends it. The line can be extended with another right button
click, or a new line started with the left button. The lines can be deleted with
the Del key. Pressthe Esc key to deactivate the cursor function. Checking the
Wide option causes the data to be plotted with wide lines. This can be useful
for producing plots with better visihility for presentations. See Appendix Il for
information about adding subscripts, superscripts, Greek |etters, etc. to data plot
titles, subtitles and |abels.

Time Scales
The X-Axis Labe control offers several choices for the data plot x-axistime
scale, as shown in the following table.

X-Axis L abel Units Remarks

Data Point # Data point #

Data Point x1000 # Data point #/1000

Time, Seconds Seconds Tau

Time, Minutes Minutes Tau/60

Time, Hours Hours Tau/3600

Time, Days Days Tauw86400

Time, Weeks Weeks Tau/604800

DOY Days Same as days if no timetags.

DOY with year if timetags.

MJD Days Same as days if no timetags.
MJD - coarse MJD if timetags.
Timetag Point # Regularized data point #

Selecting the x-axis label automaticaly sets the x-axis offset and multiplier. If
there are timetags, they are automatically used to annotate the year and MJD.
The units for the x-axis offset are those of the data points. The x-axis start and
end controls may be used to sdect a portion of the data for plotting. The
Timetag Point option is available only for data with associated timetags. It
offers a preview of how the data will look if regularized to show gaps indicated
by the timetags. The Timetag Point x-axis scale automaticaly changes to the
x1000 mode as necessary. The plot lines are not available for this option, but
the fit lines may be used. Use the Regularize function to prepare the data for
further analysis.

Curve Fits
The Options Type control offers several choices for curve fits, as shown in the
following table. The Fit checkbox controls the display of the fit parameters at
the bottom of the plot.

Fit Type Data Type Description
None Both No curve fit
Linear Frequency  y=atbt
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Quadratic Phase X=atbt+ct2

Log Frequency  y=atin(bt+1)+c
Diffusion Frequency  y=atb(t+c)”
Average Both X=X, y= Yy

Plot Messages
Several standard messages (such as the minimum, maximum and average
values, the frequency drift, and any offset removed or line fits) are available by
exposing the plot message drop down ligt.

Plot Inserts
Mini-plots may be inserted at bottom left of phase data, frequency data and
gability plots. These plots must have been generated previoudy, and named
p_insert.tkf, f_insert.tkf and s_insert.tkf respectively. For example, asmall plot
of the frequency data can be inserted into a stability plot, as shown in the
sample below:
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Cursor

Checking the cursor option activates crosshairs on the plot whose position is
indicated at the right end of the GraphiC menu bar (please ignore the strange
characters). This option also activates aline drawing feature. The right mouse
button starts a line and the right button ends it. The line can be extended with
another right button click or a new line started with the left button. The lines
can be deleted with the Del key. Press the Esc key to deactivate the cursor
function.

Wide Lines
Checking the Wide option causes the data to be plotted with wide lines with
better visibility for presentations.
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Plot Lines Function

Purpose
Use the Plot Lines function to add lines to a data plot. The possible line types
are asfollows:

LineType Description Par ameter
None No line None
Endpoints Line between certain endpoint values None
Regression  Linear (frequency data) or quadratic
(phase data) regression line Frequency dope

Average Horizontd line at average value Average
Marker Verticd line at certain x-axis value None

Line #: I'I *I Up Twpe: LI

Doty
#Lines =1 Cancel
s YAk Help

. . [5.74830=-01
Start:  [1.000002+00 Start | e -
End: |1 00000e+03 End: i?.284959—01 Copy |

Paratmetar | Bead | Save | Clear Al |

Controls
The Plot Line didog box contains the following controls. Some parameters do
not gpply to dl line types.

Control Type Description

Line# Edit Enter # of lineto edit.
Up Pushbutton Increment line #.

Down Pushbutton Decrement line #.

Type Combo Select line type.

X-Axis  Group X-Axis line parameters.
Start Edit Enter x-axis start of line.
End Edit Enter x-axis end of line.
Y-Axis  Group Y -axis line parameters.
Start Edit Enter y-axis start of line.
End Edit Enter y-axis end of line.
Parameter Text Display line parameter.
#Lines Text #of lines entered.
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Read Pushbutton Read line information from INI file. Plot Notes Function

Save Pushbutton Save lineinformation in INI file.

OK Pushbutton Accept changes & close dialog box. . Purpose

Cancel  Pushbutton Abort changes & close dialog box. Use the Plot Annotations function to add annotations to a data plot.
Hdp Pushbutton Invoke the Plot Lines help topic.

Print Pushbutton Print line parameters.

Copy Pushbutton Copy lineinformation to clipboard.
Clew Al Pushbuton  Cleer all lines.

Operation Note # |1 vI Up Eoint Size: IB Ll
Select the desired Line #and Type. The Enter the X-Axis Start, X-Axis Down W Border Cancel |
End, Y-Axis Start and Y-Axis End vaues as applicable, and press OK to e —
accept them, or Cancel to abort. Press Clear All to cleer dl lines, Copy to Mte #1 -] Help |
copy the line parameters to the clipboard, or Print to print the line parameters. —

LI Clear All |

—Position #MNotes =1

e ID.DDUUUE+UU " ID.UDDDDB+DD Beadl Sagel

Controls
The Plot Annotations dialog box contains the following controls:

Control  Type Description

Note # Edit Enter the # of the note to edit.

Up Pushbutton Increment the note #.

Down Pushbutton Decrement the note #.

Point Sze  Edit Enter the point size for the note.

Text Edit Enter the text of the note.

Position Group Note position values.

X Edit Enter the x-position of the note.

Y Edit Enter the y-position of the note.

#Notes  Text # notes entered.

Border Checkbox Draw aborder around the note.

Clear Al Pushbutton Clear dl notes.

Read Pushbutton Read line information from INI file.

Save Pushbutton Save lineinformation in INI file.

OK Pushbutton Accept the settings & close dialog box.

Cancel Pushbutton Abort the changes & close dialog box.

Hdp Pushbutton Invoke the Plot Notes help topic.
Operation

Enter the desired plot annotations and press OK to accept them, or Cancel to
abort. Press Clear All to clear all annotations.
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Timetags Function

Purpose
Use the Timetags function to generate regular timetags for evenly spaced data.
Such timetags can be useful for examining and editing data, especidly if the
starting time is known. Timetags are generated for the entire data array
regardless of the analysis limits.

Data Type

Start | 1.000000002+00 oK
& Phase

Increment. Mot Applicahle

: I e  Frequency

Units

Help |

& Seconds (Tau)
 Days (Tau/BE400)

?m Fress Ok to generate
" Other (Enter Increment) timetag data.

Controls
The Timetags dialog box contains the following controls:

Control  Type Description

Start Edit Enter starting timetag value.

Increment  Edit Enter timetag increment (if applicable).
Units Group Timetag units choices.

Seconds  Radiobutton Uset timetag unitsin seconds.

Days Radiobutton Use t /86400 timetag units in days.
Other Radiobutton Use arbitrary timetag units & increment.
Data Type Group Controls to select data type.

Phase Radiobutton Select phase data.
Frequency Radiobutton Select frequency data.

OK Pushbutton Perform Timetag function & close dialog box.
Cancel Pushbutton Abort the Timetag function & close diaog.
Hdp Pushbutton Invoke the Timetags help topic.

Operation

Select the applicable data type (Phase or Frequency). Enter the desired Start
timetag value and units (Seconds, Days or Other). If Other (arbitrary) units
is chosen, enter the desired timetag Increment. Otherwise, if Seconds or
Days units are chosen, the increment will be determined by the t value. Press
OK to generate the timetags or Cancel to abort the Timetags function.
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Caution
Use caution when generating timetags for data that is not regular. Do not
confuse these artificialy generated timetags with actual ones. Such timetags
can be useful to identify the position of data interruptions, but gaps should be
manudly inserted into the data to provide regularity, and the timetags should
then be cleared. The Regularize function cannot accomplish thiswith artificialy
generated timetags.
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Noise Function

Purpose
Use the Noise function to function to generate smulated power law clock
noise.

—Moise Pararneters

Alpha | Naoise 0K
Bandam Yallk Fhd: ID.DDDDDB+DD -2 | parameter Bt I
is Allan i
Flicker Fh: |EI.DEIDEIDe+DEI -1 | deviation &t Copy |
Tau=1sec
White Fh: ID.UDDDUBHJD o Help I
Faoints
Flicker Fhd: ID.DDDDDB+UD 1 Bum:  |513
Whita Ph: ID.DDDDDB+UD 2 Tau: |1.DDDDDE+DD

—Fractional Frequency Farameters

Dffget: IEI.DEIDEIDB+DEI Dirift per Tau Interval: ID.DDDDDE+DD
Sine (peak): IU-UUUUUE"UD Sine Perod (sec): IU-UUUUUE"UU

Press OK to generate simulated power law clock noise.

Controls
The Noise didog box contains the following controls:
Control Type Description
Noise Params Group Power law noise parameters.
RW FM Edit Enter random wak FM noise coefficient s (1).
Flicker FM Edit Enter flicker FM noise coefficient s (1).
White FM Edit Enter white FM noise coefficient s(1).
Flicker PM Edit Enter flicker PM noise coefficient s (1).
White PM Edit Enter white PM noise coefficient s(1).
Points Group #pointsand t interval.
Num Edit Enter # points (default=513).
Tau Edit Enter t interval, seconds (default=1).
Freq Params  Group Fractional frequency parameters.
Offset Edit Enter fractiona frequency offset.
Drift Edit Enter fractional frequency drift per t interval.
Sine (peak) Edit Enter peak value of sine term.
Sine Period Edit Enter period of sineterm
OK Pushbutton  Perform the Noise function & close dialog box.
Cancel Pushbutton  Abort the Noise function & close dialog box.
Copy Pushbutton  Copy noise parameters to clipboard.
Hdp Pushbutton  Invoke the Noise help topic.
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Operation
Enter the Number of data points wanted and their Tau interval. Then enter the
s(1) Noise Parameters for the desired power law clock noise. At least one
noise parameter must be non-zero. Next enter any fractional frequency Offset
and Drift, and/or the peak vaue and Period of any Sine term, that may be

wanted. Then press OK to generate the smulated clock noise, or Cancel to
abort.

F FM Noise Generation
The long-term phase excursions of the generated flicker AVl noise are too small
on average (see Reference 2 below). This does not affect the Allan deviation
results, and can be avoided by generating twice as many points as needed and
using only the second haf of the output.

FW FM and RR FM Noise Generation
The more divergent flicker walk FM (a=-3) and random run FM (a=4) power
law noise types may be generated by using the 1/f2 spectral property of a
frequency to phase conversion. For example, to generate RR FM noise, first
generate a set of RW FM noise and save the resulting phase data. Then read
this RW FM phase data as frequency data and convert it to a new set of RR
FM phase data.

Sine Generation

The Sine (pesk) and Sine Period controls adlow entry of the fractiona
frequency amplitude and period (seconds) of a sinusoidal component to be
added to the smulated noise. A finite amount of noise must till be included (to
avoid zero sigma). These parameters are useful for simulating the effect of a
periodic disturbance such as temperature or vibration. The phasing is that of a
positive sinusoid on the fractional frequency data. No sinusoidal component is
added unless both the peak value and period are non-zero.

Memory Usage
Noise generation is a memory-intensive process that requires about 48 bytes of
peak memory usage per data point. Large data sets can therefore involve
relatively dow virtual (hard drive swap) memory.

Caution
The results from the Noise function overwrite the current datain the phase and
frequency arrays.

- References

1. N.J Kasdin and T.Wadlter, "Discrete Simulation of Power Law Noise",
Proceedings of the 1992 |IEEE Frequency Control Symposium, pp.
274-283, 1992.

2. CA. Greenhdl, "FFT-Based Methods for Simulating Flicker FM",
Proceedings of the 34th Annual Precise Time and Time Interval
(PTTI) Systems and Applications Meeting, 2002 (to be published).
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Example
An example of the frequency stability of simulated data with a combination of
white PM noise and a sinusoidal term is shown below:

Dokex 02/ B/91 Tre, N.M.34 Datn Poirke 1 thru 3999 of 5888 Tau=1,00000006- 0% Flie; NEW.0D1
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Clear Function

Purpose
Use the Clear function to clear phase or frequency data or the corresponding
timetags. Note: It is not necessary to clear the data array before reading
another datafile.

—Data To Clear
¥ Ehase Data

¥ Phase Timetags

™ Freguency Data
| Ereguensy Timetaas

m FPrass OK to clear selected data.

: Controls
The Clear didog box contains the following controls:

Control Type Description

DataTo Clear Group Choicesfor datato clear.

Phase Data Checkbox Clear phase data.

Phase Timetags Checkbox Clear phase timetags.

Frequency Data Checkbox Clear frequency data.

Frequency Timetags  Checkbox Clear frequency timetags.

OK Pushbutton Perform the Clear function & close
diaog box.

Cancel Pushbutton Abort the Clear function & close
dialog box.

Hdp Pushbutton Invoke the Clear help topic.

Operation

Select the Phase Data, Phase Timetags, Frequency Data or Frequency
Timetags to be cleared. Then press OK to clear the selected data, or Cancel
to abort.

Caution
There is no confirmation after OK is pressed - the selected datais cleared and
cannot be recovered. It is possible to clear the phase or frequency data and
retain the corresponding timetags, but thisis an unusua thing to do.

169



170

Run Function

Purpose

Use the Run function to caculate (and optionaly plot or print) Allan, total or
Hadamard variance statistics for the selected portion of the current phase or
frequency data over a series of averaging times. The averaging times may be
selected in octave or sub-decade increments, or at every possible tau out to a
reasonable fraction of the record length. (The Sigma function is available for
performing this calculation at a single averaging time.) Frequency drift may be
removed, and 1 of 2 unit scaling may be applied as options.

aname Typs 10.-n|hpnng j Alpha: J-Iulnmmr. j Confkance Fackor |0 623
A e e o |epra] Mosuma | sgwe | wesiws || ooes
e TR
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4 400 0e-+00 (] 0 amied 144700 15058 |
] i 0 <1 54 0 i0m0e0 17l 1,11 Bl [ _Eij
16 1Eme 1 0 ETMER?  RWEeD!  AMSTeD?
k-3 3 0O +11 q37 a 4371 502 d A -T2 S 41BEe12 oy
Ed E. A0 k3 41 ET1 a 21 M e-D2 FEIITe-2 4333802 -
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Help
I Dacadg
I HaDxif  Doemim
Frag D/ Diemy=5 061 301 Ded Time [T | gy, Press Colcio cakulole
1oz TaTau: | =l m i mnmncs type T Al Toy 1
Controls

The Run dialog box contains the following controls:

Control Type Description

Variance Type Combo Choose variance type.

Alpha Combo Choose automatic or selected alpha value.
Conf Factor Edit Enter desired confidence factor.

Results Group/Text  Display results of stahility run.

Drift/Day Text Display linear frequency drift.

Plot Pushbutton  Plot stability results.

Copy Pushbutton ~ Copy andysis results to clipboard.
Options Pushbutton ~ Open Run Options dialog box.

Lines Pushbutton ~ Open Run Lines dialog box.

Notes Pushbutton ~ Open Run Notes diaog box.

Print Pushbutton  Print stability results.

No Drift Checkbox Remove linear frequency drift from data.
lof 2 Checkbox Scale results forlof 2 identical units.
T/Tau Edit Enter dead time ratio.

Decade Radiobutton  Use decade tau increments.

Octave Radiobutton  Use octave tau increments.

All Tau Radiobutton  Use dl tau increments.

Cald]] Pushbutton  Cdculate table of stability tatistics.
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Start AF[1] Edit Enter starting averaging factor for run.

Stop[2] Pushbutton ~ Stop run.

Resume[3] Pushbutton ~ Resume run.

Clear Pushbutton ~ Abort run.

Close Pushbutton  Close didog box & restore origina data.
Hdp Pushbutton  Invoke the Run help topic.

[1]=Before run, [2]=During run, [3]=When stopped.

Operation
Select the desired Variance Type, Alpha, and (if applicable) Conf Factor.
Optiondly check Remove Drift and 1 of 2, choose Decade (1, 2, 4, 10),
Octave (1, 2, 4, 8) or All Tau tau increments (no error bars are displayed for
the All Tau option), or enter a Start AF. Enter the Dead Time rdtio if it isnot
unity. Then Press Calc to perform a stability run, and Plot, Copy or Print the
results asdesired. To quit, press Close.

The default Alpha sdection is Auto, which will automaticaly estimate the noise
type. If the noise type is known a priori, then choose one of the specific apha
values. In either case, the alpha value for each averaging factor (AF) is used
to determine each confidence interval. A progress bar is displayed during an
MTQOT, TTOT or All Tau andysis. Those runs may be Stopped and then
Resumed. While stopped, the current results may be printed, plotted or copied.
To abort a stopped run, press the Clear button.

Stability Results Table
The table of results from the stability run contains the following items:

Item Description

AF Averaging factor, t/to

Tau Averaging time, t

# # anadysis points

Alpha Estimated noise exponent, a
MinSgma Lower confidence limit (as applicable)
Sgma Nomind sigma

Max Sigma  Upper confidence limit (as applicable)

Stability Results Plot
Use the Plot button, along with the Options, Lines and Notes functions to plot
the results of a stability run. Many aspects of the plot can be customized as
desred. Theindividua stability points of arun are indicated by closed (normal)
or open (modified) circles, which are automaticaly made smaller when the
number of points exceeds 100 (e.g. an all tau run).

Variance Types
See the Sigma function for a list of the variance types that can be found with
the Run function. In addition, both the overlapping and modified Allan
deviations can be calculated and plotted during the same run.
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Drift Removal
The Run function alows linear frequency drift to be removed from phase or
frequency data before performing the stability analysis. Simply check the No
Drift checkbox. The drift/day will be reported, but the origind phase or
frequency datais not changed.

1 of 2 Scaling
The Run function alows scding the results for one of two identical units.
Simply check the 1 of 2 checkbox to scale the resulting sigma values by C2.

All Tau
The dl tau option is useful as a means of spectral analysis to identify periodic
components in time domain stability data.

Dead Time
Bias correction for measurement dead time is available for the norma and
overlapping Allan variances when the noise type is manually selected. Enter
the T/Tau dead time ratio, where tau is the measurement time and T is the time
between measurements. Dead time corrections are made using the B2 and B3
bias ratios, which handle cases of single and multiple (distributed) measurement
dead time respectively.

Auto Calc
A run can be done automatically when the Run function is invoked by setting
the AutoCdlc item in the Configure function.

Stability File
A gability file (with a default name of sigmadtaul) is written to disk after each
run. This file contains sigma, tau and errorbar data as described in the Read
Function help topic, and may be used to document or replot the stability results.
It may even be used to create a stability plot with another program (such as
Gnuplot, as shown below).
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The following wgnupl32.exe Gnuplot script was used for this stability plot:

set
set
set
set
set
set
set

Frequency Stability
le-11

le-12

Sigma

1e-13

1 10 100 1000

Tau

grid xtics ytics nktics mytics 2
nokey

| ogscal e

title "Frequency Stability"

x| abel "Tau"
yl abel "Si gma"
zero le-20

plot 'sigma.tau' using 1:3:4:5 with yerrorbars

Notes

10000

Printing of the stability results is not available for the All Tau option. The TIE
rms and MTIE sttistics are available for phase data only, and do not include
confidence intervals.
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Run Plot Function

Purpose
Use the Run Plot function to generate a stability plot.
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File Edit Draw Convert Help
Dole, 0240798 Thmes TRDA400 Trin Polms 1 4hru 1000 of 001 o 1,000 00 Fhe, phome.dol
FREQUENCY STABILITY
2, phesc.dat
ST T T e
1 252e-01
2 Z0Be-M
4 149e-01
= B 1.10e—01
~ 16 B.24e-02
=] 3% S.i2e-02
d« .- 3.2Be-02 |-
8 .3.;9E—02 .
1&15 A
al
"‘E H : Do e
10° 2 10! 2 10?7 2 i®
Averaging Time, T, Seconds
=1}
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Run Options Function

Purpose
Use the Run Options function to control the attributes of the stability plot.

Run Plot Options Ed
Title: [FREQUENCY STABILITY =] oK |
SubTile:  [PHASE.DAT ]

Message: I j Help |
Message Position: ITDp Lett ~| FRead Config | Sawe Config | Beset All |
Tahle Position: ITop Right | Stahbility File: IC\StabIBBE\SIGMA.TAU

—Kehxis —Y-dudis
Lakel: IAveraging Time, EtE, Secon j Labeal IOver\apping Allan Deviatio j
TauMax  [1.280008+02 Sigma Max; [2.92232e-01
Scale hax: |1.00000e+03 Seale Max: [1.00000e+00
TauMin:  [1.000008+00 Sigma Min: [2.76739e-02
Seale Min: [1.000002+00 Scale Min: [1.00000e-02

— Optians
V Date ¥ Box W Bars1 W Table2 ¥ FitZ  PlotFile: IC\StabIeSZ\SIGMA.TKF

Controls
The Run Options didog box contains the following controls:

Control Type Description

Title Edit Enter plot title.

Sub Title Edit Enter plot subtitle.
Message Edit Enter plot message.

Msg Position  Combo Choose message position.
Table Pogstion Combo Choose table position.

X-Axis Group X-AXxis parameters.
Label Edit Enter x-axis labdl.
Tau Max Text Display maximum tau value.
Scale Max Edit Enter x-axis scale maximum.
TauMin Text Display minimum tau value.
Scale Min Edit Enter x-axis scae minimum.
Y -Axis Group Y -Axis parameters
Label Edit Enter y-axis labdl.
Sigma Max Text Display maximum sgma value.
Scale Max Edit Enter y-axis scale maximum.
SgmaMin Text Display minimum sigma vaue.
Scale Min Edit Enter y-axis scae minimum.
Options Group Plot options.
Date Checkbox  Show date on plot.
Box Checkbox  Draw box around plot.
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Error Bars1  Checkbox  Show error bars on plot.

Table 2 Checkbox  Show gability table on plot.

Plot Filename  Edit Enter plot file name.

Read Config ~ Pushbutton Read plot configuration data from
STABLE32.INI.

SaveConfig ~ Pushbutton  Save plot configuration datain
STABLE32.INI.

Sability FHle  Edit Enter stability file name.

Reset All Pushbutton  Reset all plot attributes to defaullts.

OK Pushbutton  Set plot attributes & close dialog box.

Cancel Pushbutton  Abort changes & close dialog box.

Hdp Pushbutton  Invoke the Plot Options help topic.

Operation

Enter the desired plot attributes and press OK to accept them, or Cancel to
abort. PressClear All to reset al attributes to their default values.

Run Messages

Messages describing all noise fits are available by exposing the run message
drop down list.

178

Run Lines Function

Purpose
Use the Run Lines function to add lines to a stahility plot. The possible line
types are as follows:

LineType Description Par ameter
None No line None
Endpoints Line between certain endpoint values None
Horizonta Horizonta line a certain sgmavalue None
Vertical Vertica line at certain tau value None
Noise Fit to certain power-law noise model Sigma(l)

Run Plot Lines m
Line #: |1 vl Up Type:

_T S
au igma el
Start |9.nnunne+02 v[ Siar :
Print
End: |1.1EEDDe+DE VI =jel Clear Al

—Moise Line Eead | Save |

Slope: I—D.5 Wy Fhd vl Sigra(1): 9.53214e-03 i
#Lines =1

icancel

i

Controls
The Run Line diadlog box contains the following controls. Some parameters do

not gpply to dl line types.

Control Type Description

Line# Edit Enter # of lineto edit.
Up Pushbutton Increment line #.

Down Pushbutton Decrement line #.

Type Combo Select line type.

Tau Group X-Axis line parameters.
Start Edit or Combo Enter x-axis start of line.
End Edit or Combo Enter x-axis end of line.
Sgma Group Y -axis line parameters.
Start Edit Enter y-axis start of line.
End Edit Enter y-axis end of line.
Sope: Combo Noise type for fit
Sigma(1) Text Noise line fit parameter.
#Lines Text #of lines entered.
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Clear All Pushbutton Clear dl lines. Run Notes Function

Read Pushbutton Read line information from INI file.
Save Pushbutton Save lineinformation in INI file. . Purpose
Print Pushbutton  Print line parameters. Use the Run Notes function to add annotations to a stability plot.
OK Pushbutton Perform Run Line function & close dialog box.
Cancel Pushbutton Abort the Run Line function & close dialog
box.

Hdp  Pstbuton  Invokethe Run Lines hep opic
Operation Mote#zm Up Eoint Size: |B

Select the desired Line #and Type. Enter the applicable Tau Start, Tau Diown ¥ Border
End, Sigma Start and Sigma End parameters. Choose the applicable Siope ~Text — Cancel
for aNoise Line, and press OK to accept the lines, or Cancel to abort. Press Nats #1 :I

Help

Clear All to remove dl lines.

dilds

Clear All

—Position #MNotes =1

e ID.DDUUUE+UU " ID.UDDDDB+DD Beadl Sagel

Controls
The Run Notes dialog box contains the following controls:

Control Type Description

Note # Edit Enter the # of the note to edit.

Up Pushbutton Increment the note #.

Down Pushbutton Decrement the note #.

Point Sze  Edit Enter the point size for the note.

Text Edit Enter the text of the note.

Position Group Note position values.

X Edit Enter the x-position of the note.

Y Edit Enter the y-position of the note.

# Notes Text # notes entered.

Border Checkbox Draw aborder around the note.

Clear All Pushbutton Clear dl notes.

Read Pushbutton Read line information from INI file.

Save Pushbutton Save lineinformation in INI file.

OK Pushbutton Accept the settings & close dialog box.

Cancel Pushbutton Abort the changes & close dialog box.

Hdp Pushbutton Invoke the Run Notes help topic.
Operation

Enter the desired plot annotations and press OK to accept them, or Cancel to
abort. Press Clear All to clear al annotations.
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Regularize Function

Purpose
Use the Regularize function to find interruptions and missing points in time
tagged phase or frequency data, and optionally insert gaps as required to
provide a regular sequence of data points. The regularize function is not
available for data that does not have timetags.

Regularize ﬂ
# Interruptions: |1 (8] |

# Mizsing Pis: |3

Data Interval:  8.0000000000e+02 - Cancel
= Press OKto usetimetag info to inser

**°** gapswhere data is missing. Help |
Controls

The Regularize dialog box contains the following controls:

Control Type Description

# Interruptions  Text Display # of interruptionsin the data.

#Missing Pts  Text Display total # missing points in the data

DataInterval Text Display timeinterval between data points.

OK Pushbutton  Perform the Regularize function & close dialog
box.

Cancel Pushbutton  Abort the Regularize function & close dialog
box.

Hdp Pushbutton  Invoke the Regularize help topic.

Operation

Observe the # Interruptions, # Missing Pts and Data Interval displays. If
there are missing points that you wish to remove, verify that the Data Interval
is correct. Then press OK to regularize the data. To abort, press Cancel (or
OK if #interruptions = 0).
Caution

The Data Interval must indicate the proper time spacing. It is determined by
the difference between the first two timetags. If this value is not correct, edit
the data file with atext editor before executing the Regularize function.

The Regularize function operates on the full data array.
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Domain Function

Purpose
Use the Domain function to perform basic time and frequency domain
conversions for power law noise processes.

Domain

Freguency Domain Time Darmain Close |
PSD Type: IL(f), dBc/Hz 'l Sigma Type: INDrmaI 'l Copy 1 |
SB Freq (Hz): |1.DDDDDB+DD Tau (Sec): |1_DDDDDe+DD Clear All |
Carrier Freq Ii . li Help
(MHz): 1.00000e+01 Awg Factor: |1 |
B [1'53155e-00 B/ Facior  [10.000 %

Fower Law MNoise Fower Law MNoise

Enter
Tywpe dB/dec FSD Type ku Sigma. pararneters to

o : perform

BUWWFR -40: INDne B +1: ID_DDDDDB+DD .

EFM 30 [None | [EFM & [0.00000e+00 conversion for
power law

WFM 20 [eon  |WFM - [1.00000e-11] noise. An Lif)
walue of 0

FEM  -10: INDne FEM -2 ID_DDDDDE+DD denotes none.

. o B\ applies
WPM O INone WPk -2: ID_DDUUUB+UU anlyto i & F

Al 80.0 Al [1.00000e-11 =3l ese:

Controls
The Domain dialog box contains the following contrals:

Control Type Description

SigmaType Combo Choose sigma type (normal, modified or time).

Tau (Sec) Edit Enter basic averaging timet o, in seconds.

Avg Factor  Edit Enter averaging factor AF =t o/t, wheret is
the analysis averaging time.

BW Factor  Edit Enter bandwidth factor 2pfyt o, where f, isthe

upper cutoff frequency of the measuring
system in Hz, and applies only to white and
flicker PM noise.

PSD Type  Combo Choose power spectral density (PSD) type.

SB Freq (Hz) Edit Enter the sideband frequency in Hz.

Carrier Freq  Edit Enter the carrier frequency in MHz.

BW (H2) Edit Enter the measuring system bandwidth in Hz.

PSD Label Use to select PSD entries from keyboard.

PSD RWFM  Edit Enter or read the random walk FM noise PSD
parameter.

PSD FFM Edit Enter or read the flicker FM noise PSD param.

PSD WFM  Edit Enter or read the white FM noise PSD param.
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PSD FPM Edit Enter or read the flicker PM noise PSD

parameter.

PSD WPM  Edit Enter or read the white PM noise PSD
parameter.

All Text Total PSD value.

Sigma Label Use to select sigma entries from keyboard.

SgmaRWFM Edit Enter or read the random walk FM noise
sigma parameter.

SgmaFFM  Edit Enter or read the flicker FM noise sgma
parameter.

SgmaWFM  Edit Enter or read the white FM noise sigma
parameter.

SigmaFPM  Edit Enter or read the flicker PM noise sigma
parameter.

SgmaWPM  Edit Enter or read the white PM noise sigma
parameter.

All Text Total sgmavalue.

Clear All Pushbutton  Restore all parameters to their default values.

Close Pushbutton ~ End the Domain function & close dialog box.

Copy 1 Pushbutton ~ Copy conversion results to clipboard.

Hdp Pushbutton  Invoke the Domain help topic.

Operation

The Domain function is a flexible spreadsheet-like tool that performs a variety
of conversions as values are entered. Begin by entering vaues for the domain
being converted from. Choose the desired PSD or Sigma Type and the
associated basic parameters in the upper panels. These are the SB and
Carrier Freqfor the frequency domain or Tau and Avg Factor for the time
domain. The BW and BW Factor gpplies only to white and flicker PM noise
and may be entered later. Then enter the PSD or Sigma power law noise
parameters for any combinaion of RW FM,F FM, W FM, F PM and W PM
noise. The corresponding parameters for the other domain are updated
automaticaly, as is the tota noise for each domain. Besides these domain
conversions, other common operations are changing the PSD Type to perform
units conversions, changing the SB Freq to obtain the phase noise versus
sideband frequency, and changing the Avg Factor to obtain sigma versus
averaging time. It all cases, the overdl display is automaticaly updated in a
consistent manner. The Domain dialog box may be cleared to its default values
with the Clear All button and closed with the Close button.

Caution
The domain conversions use simple closed-form expressions for the 5 most
common power-law noise processes, and their summation depends on the noise
PSD dope decreasing toward higher sideband frequencies. Better results may
be obtained by numerical integration for rea noise data, and other expressions
are required to handle particular cases (such as a filter) where the noise slope
increases above a certain SB frequency.
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Auto# Functions

Purpose
Use one of the Auto# functions (Autol, Auto2 or Auto3) to automate a stability
anaysis.

Description
The Auto# functions execute automation scripts that describe the steps of a
frequency stability analysis. These steps are arranged in a standard order, and
can be individualy selected or skipped. Plots and tables can be drawn and
printed to show the results. The available options are as follows:

Step Description Options Plot/Print
Open File Open datafile Phaseor freqdata | Origind data
Browsefor file
Convert Convert data To other anadysis Converted data
type
Remove Remove bad Frequency only Corrected data
Outliers data Set sigma factor
Part Use part of data | Set start/end points | Selected data
End=0=last point
Average Combine data Set averaging factor | Averaged data
for longer t
Normalize Remove median
from data
Remove Remove fit Choose fit type Residua data
Drift
Run Stability andyss | Choose variance Stability plot
type Stahility table
Close Close last Leave open for Add delay to
screen manual anayss observe steps
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— Script

¥ Open File Browse | Data Type: & Phase  Freg

™ Remove Drift (2)

I Print Data Flot (5)

Filename: |C:\DataFM202 phd

¥ Convert  (Analysis of Freq Data)
¥ Remove Outliers  Sigma Eactar: |5-DDD

I~ Part(0) Start: Ii End: |'l'
™ Awverage (1) Avg Factor: IC’ [~ Normalize
Drift Type (3): T

v Data Plot  Type (41 |Original
Convered

¥ Regularize ()

Run “ariance Type:

IOverIapping vl

I

Select functions
desired for
automatic
processing.

Script #1 Mame

IAutDS cript]

¥ Stahiliy Plot [T Print Stahbility Flot (7) [~ Print Table {8) Cancel |
[ Close () [ Add Delay (3] msec: I3U[' Help |
Controls

The Auto# dialog box contains the following controls:

Control Type

Open Fle Checkbox
Browse Pushbutton
Data Type Text
Phase Radiobutton
Freq Radiobutton
Filename Edit
Convert Checkbox
Regularize(.) Checkbox
Remove Outliers  Checkbox
Sigma Factor Edit

Part(0) Checkbox
Start Edit

End Edit
Average(l) Checkbox
Avg Factor Edit
Normalize Checkbox

Remove Drift(2)  Checkbox
Drift Type(3) Listbox

Data Plot Checkbox
Type(4) Listbox
Print Data Plot(5) Checkbox
Run(6) Checkbox
Variance Combobox
Sahility Plot Checkbox

Print Stab Plot(7)  Checkbox
Print Table(8) Checkbox
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Description

Open datafile for analysis
Browse for datafile.
Label

Choose phase data.
Choose frequency data.
Enter name of data file.
Convert to other data type
Use timetags to insert gaps.
Remove bad freq data.
Enter outlier criterion.

Use part of data.

Enter starting point (1=1%).
Enter ending point (0=last).
Combine data for longer t .
Enter averaging factor.
Normalize data.

Remove drift.

Select drift fit type.

Plot data on screen.

Select data plot type(s).
Print data plot.

Run stability analysis.
Select variance type.

Plot stability on screen.
Print stahility plot.

Print stability table.

Close(X) Checkbox Close at end of script.
Add Delay(9) Checkbox Add delay between steps.
msec Edit Enter delay in msec.
Script Name Edit Enter name of auto script.
Go Pushbutton ~ Execute automation script.
OK Pushbutton ~ Save automation script.
Cancel Pushbutton  Abort Auto# function.
Hdp Pushbutton  Invoke Auto# help topic.
Manual Use

The Auto# functions may be used manually by setting the desired analysis steps
and either saving them by pressing OK, or executing them by pressing Go.
Pressing Cancel aborts any changes made. The analysis functions are the
same as provided for a non-automated Stable32 analysis. The automation script
options are interlocked so as to smplify their sdection. All reasonable
combinations are alowed, but their order may not be changed. Default timetag
and data columns are used for multicolumn data. The Close checkbox
determines whether the last result remains on the screen. Extra delay may be
added with the Add Delay and msec controls to dlow viewing of the
intermediate results.

Command Line Use
The Auto# functions may be invoked from the command line with the —o autol,
-0 auto2 or —o auto3 options. When invoked in this way, the automation script
is executed immediately without requiring that it be started with the Go button.

Automation Scripts
Three separate automation scripts are stored in the Stable32.ini configuration
file under the [Auto#] sections. Each of these sections has the same items that
define the analysis steps for each automated analysis. While it is possible to
edit these configuration file items directly, it is recommended that the
corresponding Auto# dialog box be used to avoid errors.

Analysis Methods
The Stable32 automation script feature is intended as a convenient way to
quickly produce basic stability analysisinformation. It is not intended to replace
either manual analysis or complete batch files. The former has the advantage
of close user integration and insight, while the latter can harness the full
capabilities of the program (including plot customization and annotation).

Caution
While considerable effort has been atmen to make this automation process
robust and useful, many factors (including data size, hardware speed and
concurrent programs) can affect the script execution, and successful operation
cannot be guaranteed.

189



190

3-Cornered Hat Function

Purpose

Use the 3Cornered Hat function to (with discretion) to separate variances

from 3 sets of stability data.

Controls

The 3-Cornered Hat dialog box contains the following controls:

d-Cornerad Hal E1
Stahility Files

-8 JC\Frogrom Files', 8 |21 Frogrem Files), BHG|ChFragran Filesy Briwse I

Teu | Sigmadd | Sgmaisc | Spmess | arf

1 1.000a+01 1.4eve-11
# 2.000a+01 1.031e-11
] 4000201 Aie12
] BO00=2-01 SENE=-12
3 16002402 406512
B 120002 2 60512
2 6.400=+02 203112
] 1.280a403 1.57 712

T 163e-12 f113e-12

_ Bead |
144311 | -1
1023e-11 A 753812 Calic

4582e-12 5 119e-12 Cloge
34712 3TE0e12 el
181 =17 7 ie1? P

147812 22 7e-12
E03%e-13 196212

Enterlienames, read stabillky dats,

and pre=s Celc. The 3-Comensd Het
vt mathod requires 3 sats ol sinbiliy data

with tha same sigra tyos & tau mngs

Control Type
Sahility Files Group
A-B Eciit

A-C Edit

B-C Edit
Browse Pushbutton
Tau, etc. Table
Read Pushbutton
Calc Pushbutton
Close Pushbutton
Hdp Pushbutton
Plot Pushbutton
Options Pushbutton
Lines Pushbutton
Notes Pushbutton
Copy Pushbutton
Print Pushbutton
MM Indicator
DF Indicator

Description

Choose stahility filenames.

Enter A-B stability data filename.

Enter A-C stability data filename.

Enter B-C stahility data filename.

Invoke file open dialog box to sdlect datafile.
Table of tau and stability data.

Read stability data

Perform calculation to separate variances.
Close didog box.

Invoke this help topic.

Plot stability data

Open Options dialog box.

Open Lines dialog box.

Open Notes didog box.

Copy stahility results to Windows Clipboard.
Print stability results.

Indicates if min & max sigma data read
Indicates if degrees of freedom data read
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Operation

Enter stability data filenames using A-B, A-C, and B-C edit boxes or Browse.
These stability files must contain 3 sets of data with the same sigma type and
tau range, in the standard Stable32 stability data file format, as described for the
Read function. Only a placeholder value (e.g. 1) is needed for the # of analysis
points, and no entries are needed for the minimum and maximum sigma
columns. Then press Read to read the 3 sets of stability data, which will be
shown in the table, and can be examined with Plot, Options, Lines and Notes
buttons. Then press Cac to separate the variances, which can adso be
examined with Plot, Options, Lines and Notes features, copied to the clipboard
with the Copy button, or printed with the Print button. When done, end the 3-
Cornered Hat function with the Close button.

Error bars can be shown on the stahility plots for a single unit. They are
determined by the maximum and minimum sigmas of the measured stability, and
the reduced number of degrees of freedom for the processed data. The former
requires maximum and minimum sigma data, while the latter requires that the
number of measured degrees of freedom be available. The availahility of these
data are indicated by their respective MM and DF indicators.

Reference Noise Removal

The 3-Cornered Hat function can also be used to remove the contribution of a
reference whose noise is known apriori, either from its specification or by a
separate determination.  Denote the device under test as unit A, and the
(known) reference as units B and C. Enter the measured data as both A-B and
A-C, multiply the stability data for the reference by O2, and enter it as B-C.
After the 3cornered hat caculation, the corrected stability data for the unit
under test will bein column A.

Results Data Files
Three data files containing the results of a 3-cornered hat calculation are
written to disk in the same folder as the origind data. These files, named
UnitA.sg, UnitB.sig and UnitC.sig, have the same stahility file format as the
input file (see Read Function).

Caution
Do not use results that contain negative variances. The 3-cornered hat method
is not a substitute for a low noise reference. It is best used for units having
smilar stability (e.g. to determine which unit is best). Negative variances are a
dgn that the method is falling (because it was based on insufficient
measurement data, or because the units under test have disparate stability).
Plots containing negative variances will have off-scale points.
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Calendar Function

Purpose
Use the Cdendar function to display a monthly caendar showing the Day of
Year (DOY) and Modified Julian Date (MJD). The MJD can be used as a
timetag for phase or frequency data. It is common to append the decimal
fraction of a day to the MJD integer to indicate the exact date (date and time).
When thisis done, thetimeis usualy UTC.

P Weeks 171176 Dacemiser 2002 T R
=T s e [ T e [ [y wvearDown |

1w [2has (2B |dfad [5f3s [6lwuo |73 T
=D A TV (=13 R T3 7611|614 [EERIS
B T TNETE N BETE BET B ED kickth Dawn
Eoeic [eZet? [E2eie |s2enn GZemn [RIeDt [REEAZ Today
5]348 ie|350 [17]381 'ﬂ|3m 19]351 [20] 354 356

2hI3 [P | E2RZE EIE2E 2627 hIEZE e ] Copw

HEZE FIESE EIEER B EE E}asu F}J i 1@]33: Clo==
R0 [FIE [EER3 [GEEM 263 [BIeIS [BEEIE =
TEEN TR EED
17 [ETRE (BRI . | N !
|| I B || || ||
Controls
The Cdendar diaog box contains the following controls:
Control Type Description
Year Up Pushbutton  Advance the calendar by 1 year.

Y ear Down Pushbutton  Retard the calendar by 1 year.
Month Up Pushbutton  Advance the cadendar by 1 month.
Month Down  Pushbutton Retard the calendar by 1 month.

Today Pushbutton  Go to current month & highlight current day.
Close Pushbutton  Close the Calendar dialog box.
Hdp Pushbutton  Invoke the Calendar help topic.

Operation

The calendar opens to the current month, with the current day highlighted. Use
the Year Up, Year Down, Month Up and Month Down auto repeating
buttons to move to the month desired. Use the Today button to return to the
current month. When finished, Close the calendar diaog box.
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MJD Pad

The Modified Julian Date (MJD) is based on the astronomica Julian Date, the

# of days since noon on January 1, 4713 BC. The MJD is the Julian Date - - Purpose
2,4000,000.5; it starts at midnight on November 17, 1858. MJD 50,000 was on Use the Pad function to invoke Windows Notepad or an aternative text editor
October 10, 1995. program.
GPS Week T =T
The GPS week number is displayed at the top left of the calendar (when E phase el Hatepad !EE
applicable). This number is used by the Globa Positioning System to measure Eile  Edit Search Help
its system time. It has an origin (time zero) of 00:00:00 UTC 6 January 1980, “B .00R0OAROOAOORO0+00 i’

-2.204754825860608e-01
-1.470741798514836e-01
-3.417563029461325e-01
-2.145763378402094e-01
-5.512799857208863e-01
-3.798670993851792e-01
-2.938636382882760e-01
-6.840701657650369e-01
-7.355546508103378e-01
-8.856719903110837e-01
-7.581741624819895e-01
-T7.5255902203244T4e-01
-1.229270669703960e+00
-1.172310267951015e+00
-6.892151893271170e-01
-1.160605940601602e+00
-6.753397939900557e-01
-6.575908768589536e-01
-2.019178375517534e-01
-5.555233845694533e-01

(] vl 4

Operation
The current data file is automatically opened when the Pad function is invoked.
Consult the Notepad help topics for information regarding that program. Use
the Notepad= item in the [Preferences] section of the STABLES32.INI
configuration file to set the name of the text editor program to be invoked.

Caution
Opening of the current data file may be prohibited as afile sharing violation.
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Play

Purpose
Use the Play function to invoke the Play/Win program to redisplay a previous

GraphiC *.TKF plot.

POWER-LAW NOISE SFECTRA
WHITE NOISE ¢ FLICKER NQISE {1

RANDOM WALK NQISE 12 FLICKER WALK NQISE f3

Operation
Consult the Play/Win help topics for information regarding that program.

Note
The Play program is not included with all versions of the Stable32 software

package.
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Glossary

Glossary

The following terms are used in the field of frequency stability andysis and the

Stable32 program

Aging

Allan Variance

Averaging

Averaging Time
BW

Confidence Limit

Drift

Frequency Data

Hadamard Variance

£(f)

MJD

Modified Sigma

MTIE

The change in frequency with time due to
internal effects within the device.

The 2-sample variance s?y(t) commonly used to
measure frequency stability.

The process of combining phase or frequency
datainto samples a alonger averaging time.

See Tau.
Bandwidth, Hz.

The uncertainty associated with a measurement.
Often a 68% confidence level or error bar.

The change in frequency with time due to dll
effects (including aging and environmental
sengtivity).

A set of fractional frequency values, y[i], where
i denotes equaly-spaced time samples.

A 3sample variance, HVAR, that is similar to
the 2-sample Allan variance. It uses the 2nd
differences of the fractiona frequencies, and is
unaffected by linear frequency drift.

The ratio of the SSB phase noise power in a1
Hz BW to thetotal carrier power, dBc/Hz.

The Modified Julian Date is based on the
astronomical Julian Date, the # of days since
noon on January 1, 4713 BC. The MJD is the
Julian Date - 2,4000,000.5.

A modified version of the Allan or total variance
that uses phase averaging to distinguish between
white and flicker PM noise processes.

The maximum time interval error of aclock.
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Normalize

Phase Data

Phase Noise
Sampling Time

Sigma

Slope
SSB

SH(f)

Sx(f)

Sy(f)

Tau

Total

TIE

Total Variance

To remove the average value from phase or
frequency data .

A set of time deviates, X[i] with units of seconds,
where i denotes equally-spaced time samples.

Called “phase” data to distinguish them from the
independent time variable.

The spectral density of the phase deviations.
See Tau.

The sguare root or deviation of a variance, often
the 2-sample or Allan deviation, s(t).

The change in frequency per tau interval.
Single sideband.

The one-sided spectra density of the phase
deviations, rack/Hz.

The one-sided spectra density of the time
deviations, sec?/Hz.

The one-sided spectra density of the fractiona
frequency deviations, 1/Hz.

The interval between phase measurements or
the averaging time used for a frequency
measurement.

A variance using an extended data set that
provides better confidence a long averaging
times.

The time interva eror of a clock. Can be
expressed as the rmstime interva error TIE rms
or the maximum time interval error MTIE.

A 2-sample variance smilar to the Allan

variance with improved confidence at large
averaging factors.
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x(t)

y(t)

The ingtantaneous time deviation from a nominal
time, x(t) = f (t)/2pno, seconds, where ng is the
nomina frequency, Hz. This dependent time
variable is often caled "phasg’ to digtinguish it
from the independent time variable t.

The instantaneous fractional frequency deviation

from a nominal frequency, y(t) = [n(t)- ngl/no] =
X'(t), where ng is the nominal frequency.
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Example
Example

1 Double click on the Stable32 program group.

2 Start the Stable32 program by double clicking on itsicon.

3. Go to the file open function by clicking on the Open toolbutton.

4. Select the frequency data type by clicking on the Frequency
Radiobutton.

5. Open the SAMPLE.DAT file by selecting it and pressing OK.

6. Observe the plot and datistics for this data file in the Data File
Opened diaog box.

7. Close the Data File Opened dialog box by pressing OK.

8. Notice the frequency data file information shown in the status bar at
the bottom right of the screen.

9. Display the frequency data by clicking on the Edit tool button.

10. Use the scrollbars to examine the frequency data. The Edit function
can display timetags, gaps and outliers and can perform severa
search and replace functions, which you can explore later. For now,
exit the Edit function by pressing Cancel.

11 Sdlect the Plot function by clicking on its tool button.

12 Press the Plot button to produce a GraphiC plot of the frequency
data. The plot shows white frequency noise plus drift. Close the plot
by double clicking on its system menu icon. If you wish, you can try
pressing the plot Options button to change the plot title or add a linear
regression line to the plot. Then leave the overal plot function.

13. Select the Drift function from the Analysis menu or toolbar. Notice
that you have the option to Show Details for this function.

14. Choose Linear drift and check the Remove Drift box. Then press

Cdc to caculate and remove the linear drift of about 1.0 per tau

interval from the frequency data. Notice that the unsaved symbol

has appeared in the status bar indicating that the data has changed.

Also, if enabled in the Configure box, the filename extension will have
been changed to .001.
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15.

16.

17.

18.

19.

21

22.

Close the Drift didog box by pressing Close.

Select the Statistics function. Notice that the plot now shows only
noise. Close the Statigtics box.

Choose the Scale function. Change the data so it more closdly
resembles actual stability data by entering a Multiplier of 1.0e-11 and
pressing OK. If you wish, examine the data again with the Edit
function to see how it has changed.

Go to the Sigma function. Accept the default Normal sigma type and
Averaging Factor=1. Then press Calc to calculate the sigma value
(about 2.99e-10). Try the Show Details option and some other sigma
types and averaging factors for this sample of white FM noise.

Go to the Run function. Select the desired Variance Type and press
Calc to produce a table of stability data. Then press Plot to see it
plotted, or Print to send it to your printer. Try the Options, Lines and
Notes functions if you wish to add a noise line or otherwise customize
the stability plot.

Go to the Convert function and convert the frequency data into the
corresponding phase data. Notice that the status bar now shows a
513-point SAMPLE.004 phase datafile.

Repeat some of the analysis and plotting functions with the phase
data.

Try other Stable32 functions as desired. Generate and analyze some
dmulated clock noise. Try other plot options. Try the domain
conversions, or generate and use timetags. Use the context sensitive
Help button as needed.
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Test Suite

Test Suite
The following tables summarize the values for severa common frequency
stability measures for both the classic NBS data set and a 1000-point portable
test suite.

NBS Data Set

A "classic" suite of frequency stability test data is the set of nine 3digit
numbers from Annex 8.E of NBS Monograph 140 shown in Table |. Those
numbers were used as an early example of an Allan variance calculation. This
frequency data is aso normalized to zero mean by subtracting the average
value, and then integrated to obtain phase vaues. A listing of the properties of
this data set is shown in Table II. While nine data points are not sufficient to
caculate large frequency averages, they are, nevertheless, a very useful
starting point to verify frequency stability calculations since a small data set can
easily be entered and analyzed manually. A smal data set is also an advantage
for detecting "off-by-one" errors.

Tablel. NBS Monograph 140, Annex 8.E Test Data

# Frea Normalized Phase
uency Frequency t=1
1 892 103.11111 0.00000
2 809 20.11111 103.11111
3 823 3411111 123.22222
4 798 9.11111 157.33333
5 671 -117.88889 166.44444
6 644 -144.88889 4855555
7 883 94.11111 -96.33333
8 903 114.11111 -2.22222
9 677 -111.88889 111.88889
10 0.0000
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Tablell. NBS Monograph 140, Annex 8.E Test Data Statistics

Averaging Factor 1 2

# Data Points 9 4
Maximum 903 893.0
Minimum 644 657.5

Average 788.8889 802.875
Median 809 830.5
Linear Slope -10.20000-2.55

Intercept 839.8889 809.25
Standard Deviation [1] 100.9770 102.6039
Normal Allan Deviation 91.22945 115.8082
Overlapping Allan Dev 91.22945 85.95287
Modified Allan Dev 91.22945 74.78849

Time Deviation 52.67135 86.35831
Hadamard Deviation 70.80607 116.7980
Overlap Hadamard Dev 70.80607 85.61487
Hadamard Total Dev 70.80607 91.16396
Total Deviaion 91.22945 93.90379
Modified Total Dev 75.50203 75.83606

Time Tota Deviation 4359112 87.56794
Table Il Notes:

[1] Sample (not population) standard deviation.

1000-Point Test Suite
The larger frequency data test suite used here consists of 1000 pseudo-random
frequency data points. It is produced by the following prime modulus linear
congruential random number generator:

n+1 = 16807 n Mod 2147483647

This expression produces a series of pseudo-random integers ranging in value
from O to 2147483646 (the prime modulus, 2'-1, avoids a collapse to zero).
When started with the seed n0 = 1234567890, it produces the sequence ny =
395529916, n, = 1209410747, ng = 633705974, etc. These numbers may be
divided by 2147483647 to obtain a set of normalized floating-point test data
ranging from 0 to 1. Thus the normalized value of ry is 0.5748904732. A
spreadsheet program is a convenient and reasonably universal way to generate
this data. The frequency data set may be converted to phase data by assuming
an averaging time of 1, yidding a set of 1001 phase data points. Similarly,
frequency offset and/or drift terms may be added to the data. These
conversions can also be done by a spreadsheet program.

The values of this data set will be uniformly distributed between 0 and 1. While
a data set with a normal (Gaussian) distribution would be more realistic, and
could be produced by summing a number of independent uniformly distributed
data sets, or by the Box-Muller method [24], this simpler data set is adequate
for software validation.
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Tablelll. 1000-Point Frequency Data Set

Averaging Factor 1

# Data Points 1000
Maximum 9.957453e-01
Minimum 1.371760e-03
Average[1] 4.897745e-01
Median 4.798849e-01
Linear Sope [2,3] 6.490910e-06
Intercept [3] 4.865258e-01
Bisection Slope [2] -6.104214e-06
1<t Diff Sope[2] 1.517561e-04
Log Fit [24], &= 5.577220e-03
y(t)=aln (bt+1)+c, b= 9.737500e-01
y'(t)=ab/(bt+1), c= 4.570469e-01
Slope a end 5.571498e-06
Standard Dev [5] 2.884664e-01
Normd Allan Dev [6] 2.922319%-01
Overlap Allan Dev [8] 2.922319e-01
Mod Allan Dev [7,8] 2.922319e-01
Time Deviation [8] 1.687202e-01
Hadamard Deviation 2.943883e-01
Overlap Had Dev 2.943883e-01
Hadamard Total Dev 2.943883e-01
Total Deviaion 2.922319%-01
Modified Tota Dev 2.418528e-01
Time Tota Deviation 1.396338e-01

Table Il Notes:

[1] Expected vdue = 0.5.

[2] All dopes are per interval.
[3] Lesst squares linear fit.

10
100
7.003371e-01
2.545024e-01
4.897745-01
5.047888e-01
5.979804e-05
4.867547e-01

-6.104214e-05
9.648320e-04
5.248477e-03
4504973e+00
4.631172e-01
5.237080e-05
9.2963526-02
9.965736e-02
9.159953¢-02
6.172376e-02
3.563623¢-01
1.052754e-01
9.581083¢-02
9.614787e-02
9.1347436-02
6.499161e-02
3.752293¢-01

100
10
5.489368¢-01
4533354e-01
4.8977456-01
4.807261e-01
1.056376e-03
4.839644e-01
-6.104214e-04
1.011791e-03
7.138088¢-03
1.420429e+02
444275901
7.1336666-04
3.206656e-02
3.897804e-02
3.241343¢-02
2.170921e-02
1.253382¢-00
3.910861e-02
3.237638¢-02
3.058103¢-02
3.406530e-02
2.287774e-02
1.320847e-00

[4] Exact results will depend on iterative algorithm used. Data not suited to

log fit.

[5] Sample (not population) standard deviation. Expected value = /012 =

0.2886751.

[6] Expected vaue equd to standard deviation for white FM noise.

[7] Equdl to normal Allan deviation for averaging factor = 1.

[8] Calculated with listed averaging factors from the basict = 1 data set.

209



TablelV. Error Barsfor n=1000 Point =1 Data Set with
Avg Factor=10

Allan Dev  Sigma Value Confidence Interval c2for

Type/#Pts  Noise Type & Ratio Remarks 95%

CF

Normal 9.965736e-02 Cl=8.713870e-03 [2,3]

99 W FM [1], B1=0.870 *1s ClI. [f]

Overlapping  9.159953e-02 Max sy(t)=1.014923e-01[7] 119.07

981 W M Max sy(t)= 1.035201e-01[8] 114.45
# c2 df=146.177 Mins(t)= 8.223942e-02[8] 18134

Modified [4]  6.172376e-02 Max sy(t)=7.044412e-02[7]  72.64

972 W FM[5], R(n)=0.384 Max s(t )= 7.224944e-02[8]  69.06
# c2 df=94.620 Mins,(t)=5.419961e-02 [§] 122.71

Table IV Notes:

[1] Theoretical B1=1.000 for W FM noise and 0.667 for F and W PM noise.
[2] Smple, noise-independent Cl estimate =s (t )/ON=1.001594e-02.
[3] ThisCl includes k(a) factor that depends on noise type:

Noise a k(@)
WPM 2 0.99
F PM 1 0.99
W FM 0 0.87
FFM -1 0.77
RWFM -2 0.75

[4] BW factor 2pfit o= 10. Appliesonly to F PM noise.

[5] Theoretica R(n) for W FM noise = 0.500 and 0.262 for F PM noise.
[6] Double-sided 68.% confidence interva: p = 0.158 and 0.842.

[7] Sngle-sided 95% confidence interval: p = 0.950.

[8] Double-sided 95% confidence interval: p = 0.025 and 0.975.
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Analysis Procedure

Analysis Procedure
The Stable32 functions can be used fredly as the circumstances dictate.
Nevertheless, the following list shows atypica analysis procedure.

1. Open aphase datafile from disk.

Examine the phase data in the Data File Opened box and enter the
averaging time (tau) value.

Convert the phase data to frequency data.

Check the frequency data for outliers.

Plot the frequency data.

Remove the frequency drift.

Plot the frequency residuas.

Run a gtahility anaysis.

Plot the stahility data.

N

©oo~N O~ W

The results of an analysis can be documented by printing a table, plotting a
graph, copying vaues to the Windows clipboard, reading a stability file,
replaying a plot, or reading or pasting a converted plot into another application.
In addition, a log file is produced that documents all the andysis steps
performed.

Data Precision

There are relatively few numerical precision issues relating to the anaysis of
frequency stability data. One exception, however, is phase data for a highly
stable frequency source having a relatively large frequency offset. The raw
phase data will be essentialy a straight line (representing the frequency offset),
and the ingtability information is contained in the smdl deviations from the line.
A large number of digits must be used unless the frequency offset is removed
by subtracting a linear term from the raw phase data. Similar considerations
apply to the quadratic phase term (linear frequency drift). Many frequency
stability measures involve averages of first or second differences. Thus, while
their numerical precision obviously depends upon the variable digits of the data
s, thereislittle error propagation in forming the summary stetistics.

Data Preprocessing
Preprocessing of the measurement data is often necessary before performing
the actual analysis, which may require data averaging, or remova of outliers,
frequency offset and drift.

Phase data may be converted to frequency data and vice versa. Phase and
frequency data can be combined for alonger averaging time. Frequency offset
may be removed from phase data by subtracting a line determined by the
average of the first differences, or by aleast squares linear fit. An offset may
be removed from frequency data by normalizing it to have an average value of
zero. Frequency drift may be removed from phase data by a least-squares or
3-point quadratic fit, or by subtracting the average of the second
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differences. Frequency drift may be removed from frequency data by
subtracting a least-squares linear fit, by subtracting a line determined by the
first-differences or by calculating the drift from the difference between the two
halves of the data. The latter, called the bisection drift, is equivaent to the 3
point fit for phase data. Other more specidized log and diffusion models may
also be used. The latter are particularly useful to describe the stabilization of a
frequency source. In genera, the objective is to remove as much of the
determinigtic behavior as possible, obtaining random residuals for subsequent
noise analysis.

Gaps, Jumps and Outliers

It is not uncommon to have gaps and outliers in a set of raw frequency stability
data. Missing or erroneous data may occur due to power outages, equipment
malfunctions and interference. For long-term tests, it may not be possible or
practica to repeat the run, or otherwise avoid such bad data points. Usualy the
reason for the gap or outlier is known, and it is particularly important to explain
all phase discontinuities. Plotting the data will often show the bad points, which
may have to be removed before doing an anadysis to obtain meaningful results.

Frequency outliers are found by comparing each data point with the median
vaue of the data set plus or minus some multiple of the absolute median
deviation. These median statistics are more robust because they are insensitive
to the size of the outliers. The outliers can be replaced by gaps or filled with
interpolated values.

Frequency jumps can aso be a problem for stability andysis. They are an
indication that the statistics are not stationary, and it may be necessary to divide
the data into portions and analyze them separately.

Data Plotting
Data plotting is often the most important step in the analysis of frequency
gability. Visua ingpection can provide vita insight into the results, and is an
important preprocessor before numerica analysis. A plot aso shows much
about the validity of a curvefit.

Phase data is plotted as line segments connecting the data points. This
presentation properly conveys the integral nature of the phase data. Frequency
data is plotted as a horizontd line between the frequency data points. This
shows the averaging time associated with the frequency measurement, and
mimics the analog record from a frequency counter. As the density of the data
points increases, there is essentially no difference between the two plotting
methods. Missing data points are shown as gaps without lines connecting the
adjacent points.
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Variance Selection

It is the user's responsibility to select an appropriate variance for the stability
anadysis. The overlapping Allan variance is recommended in most cases,
especialy where the frequency drift is small or has been removed. The Allan
variance is the most widely used time-domain stability measure and the
overlapping form provides better confidence than the origina "norma" version.
The total variance can be used for even better confidence at large averaging
factors (at the expense of longer computation time). The modified Allan
variance is recommended to distinguish between white and flicker PM noise,
and, again, atotal form of it is available for better confidence at long tau. The
time variance provides a good measure of the time dispersion of a clock due to
noise, while MTIE measures the peak time deviations. TIE rms can dso be
used to assess clock performance, but TVAR is generdly preferred.  Finaly,
the overlapping Hadamard variance is recommended over its normal form for
andyzing stahility in the presence of divergent noise or frequency drift. In all
cases, the results are reported in terms of the deviations.

The choice of tau interval depends mainly on whether interference mechanisms
are suspected which cause the stability to vary periodically. Normaly, octave
spacing will be used, with decade spacing available to analyze tau multiples of
ten. The al tau option can be useful as a form of spectral andlysis to detect
cyclic disturbances (such as temperature cycling).
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Validation

Validation

Considerable effort has been taken to insure that the results obtained from
Stable32 are correct. In particular, each of the six validation methods listed in
Reference 9 has been employed. Stable32 uses the same basic andysis
functions of Stable/DOS and the FrequenC Library, both of which have been
used extensively by a number of individuals and organizations for over ten
years. In addition, feedback and peer review has been (and till is) encouraged.
Please report any suspected discrepancies. A convenient way to do thisisvia
the Feedback item under the Help menu.

One important vaidation method is comparison of the program results against
the test suite described above. Copies of the NBS and 1000-point test data are
included with the Stable32 distribution.
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Appendix |

Stable32 Functions

Stable32 Functions
The Stable32 program includes the following functions:

File Functions
. Open Function
Read Archive
Multicolumn Data
Large DataFile
Data File Opened
Add Function
Save Function
Read Function
. Print Function
Editing Functions
. Edit Function
Find Function
Replace Function
Fill Function
Scale Function
Part Function
Regularize Function
Timetags Function
Normalize Function
Average Function
. Clear Function
Conversion Functions
Convert Function
Domain Function
Plot Functions
Plot Function
Plot Options
Plot Lines
Plot Notes
Analysis Functions
Sigma Function
Run Function
Run Options
Run Lines
Run Notes
Check Function
Statistics Function
Drift Function
Plot Function
Miscellaneous Functions
. Calendar
Noise Function
Configure
Filenames
Auto#
3-Cornered Hat Function
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Appendix 11

Special Characters

Special Characters
The Stable32 GraphiC graphics functions make use of several specia text
characters. Thesymbols[, ], |, », *, # and @ have specia meanings.

Superscripts and subscripts may be entered into text strings as [super] and
]subl respectively. Text color may be changed by entering |N|, where N is the
standard IBM color numbers shown below. For example, use |2| for green text
to annotate anoise line. The”, ™ and # symbols are not used by Stable32.

Tousethesymbals[, ], ~ °, # and @ normaly, these characters should be
preceded by @. For example, use @# and @@ to place # and @ into the text.

Color

Black

Blue

Green

Cyan

Red
Magenta
Brown
White

Dark Gray
Light Blue
Light Green
Light Cyan
Light Red
Light Magenta
Ydlow
Bright White

P2 O©0~NO®O wWNBEF-O
REB > e

GRE

Stable32 uses four specid characters to control the font and symbol set used
for plot labels. These control characters are inserted into the label text for plot
labels (with NUM LOCK on) by pressing the ALT key and using the numeric
keypad to enter one of the 4-digit numbers shown in the following table:

Font Code  Character
News 0200 E
Swiss 0201 E
Newsgrm 0202 E
Simplex 0203 E

The GraphiC News and Newsgrm fonts are used for all plot titles, sub-titlesand
axis labels. For example, to insert the lower case Greek letter t into a
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stablity plot x-axis label, use the character sequence EtE. This will shift to the
Greek-math symbol set of the Newsgrm font, changing the character tto a't,
and then return to the norma News font. Lower case Greek letters are
entered with the characters a through z in a fashion similar to the Windows
Symbol set. The News font is defined for codes between 33 and 199, while the
Newsgrm font for 33 to 146.

The News, Swiss, Newsgrm and Simplex fonts are shown in the tables on the
following pages.

swiss.fnt

news.fnt

33!50267C&4T101ensVusglaz'yuss“last
34"51365D85U102fnaWusé1536vn”1a7i
35#52469E35V103gunXﬁ7é1s4ﬁv1A133"
s $|s 570F87W104h121}’1335155¢172A1890
37%54671G33X105i1zzz139i155£173]1906
38&55772H89Y106j123[140i157¥174E1910
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Appendix 111

Editing Keys
Editing Keys

The Stable32 program uses the standard Windows editing keys except that the

Enter key can generaly be used to terminate edit control entries. This causes

the entry to be reformatted and checked for validity.

The following specid editing keys that apply to the Edit dialog box:

F2 The existing data may be edited by first pressing the F2 key. It is
necessary to delete a portion of the existing data to make room for
the new entries.

Esc The original value may be restored with the Esc key.

Enter  The changes are accepted with the Enter key.
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Appendix 1V

Configuration File

[Files]
The [Files] section of the STABLE32.INI file can contain the following
parameters:
Keyword Description Default
LagtFile Full filename of last file opened None
PhaseFilel Full filename of last phase file opened None
FregFilel Full filename of last freq file opened None
PhaseFile2 Full filename of 2nd from last phasefile opened  None
FregFile2 Full filename of 2nd from last freq file  opened None
PhaseFile3 Full filename of 3rd form last phase fileopened  None
FregFile3 Full filename of 3rd from last freq file opened None
Ext Additiona file extension patterns None

The Ext parameter takes the form Ext=Label (*.ext)[*.ext|, where the Label
part defines the label for the pattern and ext defines the filename extension.
Both parts must end with a | character. These filename patterns will be added
to the standard ones in the Open and Save functions.

[Preferences]
The [Preferences] section of the STABLE32.INI file can contain the following
parameters:
Keyword Description Default
ShowFileOpened  Show the Opened didlog box whenever adata 0
fileis opened

UseFregPlotIni Use INI file data for frequency plot parameters
UsePhasePlotini  Use INI file data for phase plot parameters
UseSigmaPlotini  Use INI file data for sgma plot parameters
UseHistoPlotIni Use INI file data for histogram plot parameters
UseSpectPlotini  Use INI file data for spectrum plot parameters 0

0
0
0
0

DataType Select Phase or Freq data ("Phase” selects
Phase
phase data, any other text selects freq)
LabelPlot Add alabdl to plots 0
PlotLabel Label text for plots Null
IncExtension Increment the filename extension when data 0
changes
WriteSigmaFile Write afile containing Sgma  dataafteraRun 0
AutoCalc Automatically cdculate sigmas when starting 0
Run function
AutoPlot Automatically draw plot when starting Plot 0
function
Notepad Use the specified text editor NOTEPAD.EXE
MaxSize Maximum size of data arrays 99999
Splash Show startup splash screen 1
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SigmaType Variance type for Sigma function 0 [PhasePlot]
RunType Variance type for Run fiction 0 The [PhasePlot] section of the STABLE32.INI file can contain the following
PhaseDriftType  Drift type for frequency data 0 parameters:
FregDriftType Drift type for frequency data 0
NonNums # non-numeric characters to skip 0 Keyword Description Default
in lines of input data Title Plot title text Null
Comma Use commainstead of decimal 0 Subtitle Plot subtitle text Null
point in input data Message Message text Null
WarnZeroFreq Warn about zero frequency points 1 X-Label X-axis (time) label text Null
ininput data Y-Label Y -axis (phase) label text Null
SmartScale Use smart y-axis data plot scales 1 PlotFile * TKF filename Null
Left Left main window screen position 0 Position Message position 0
Top Top main window screen position 0 X-Div # x-axis divisons 5
Right Right main window screen position 0 Y-Div # y-axis divisons 5
Bottom Bottom main window screen position 0 Y-Tic # y-axistics 5
L astOpened Type of datalast opened 0 Line Linetype 0
OpenScae Flag to scale input data 0 Mouse Mouse flag 0
Header Flag to write header in datafile 0 Date Data annotation flag 0
NoGreek Use Greek characters in stability plot labels 1 Box Draw box around plot flag 0
X-Offset X-axis scale offset 0.0
A zero right coordinate gives a main window size that fills the desktop area. X-Mult X-axis scale multiplier 1.0
Y -Offset Y -axis scale offset 0.0
[FreqPlot] Y -Mult Y -axis scale multiplier 1.0
The [FregPlot] section of the STABLE32.INI file can contain the following Y -Min Y -axis scae minimum vaue 0.0
parameters: Y-Max Y -axis scde maximum value 1.0
PPlotX Phase data plot x-axis label # 0
Keyword Description Default
Title Plot title text Null [SigmaPlot]
Subtitle Plot subtitle text Null The [SigmaPlot] section of the STABLE32.INI file can contain the following
Message Message text Null parameters:
X-Label X-axis (time) label text Null
Y-Label Y -axis (freq) label text Null Keyword Description Default
PlotFle * TKF filename Null Title Plot title text Null
Position Message position 0 Suhtitle Plot subtitle text Null
X-Div # x-axis divisons 5 Message Message text Null
Y -Div # y-axis divisons 5 PlotFile * TKF filename Null
Y-Tic # y-axistics 5 Position Message position 0
Line Linetype 0 X-Min X-axis scale minimum value Null
Mouse Mouse flag 0 X-Max X-axis scae maximum value Null
Date Data annotation flag 0 Y -Min Y -axis scale minimum vaue Null
Box Draw box around plot flag 0 Y-Max Y -axis scade maximum value Null
X-Offset X-axis scale offset 0.0 TablePos Table position 1
FPlotX Frequency data plot x-axis label # 0
X-Mult X-axis scae multiplier 1.0
Y -Offset Y -axis scale offset 0.0
Y -Mult Y -axis scale multiplier 1.0
Y-Min Y -axis scae minimum vaue 0.0
Y-Max Y -axis scale maximum vaue 1.0
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[SpectPlot]
The [SpectPlot] section of the STABLE32.INI file can contain the following
parameters:

[SigmaLines]
The [SigmaLines] section of the STABLES32.INI file can contain the following
parameters (the items are repeated for each line, as indicated by the index [i]],

Keyword Description Default

Title Plot title text Null

Subtitle Plot subtitle text Null

Message Message text Null

Position Message position 0
[HistoPlot]

The [HistoPlot] section of the STABLE32.INI file can contain the following
parameters:

i=1to0 12):

Keyword Description Default
Title Plot title text Null
Subtitle Plot subtitle text Null
Message Message text Null
Position Message position 0

[FreqLines]
The [FregLines] section of the STABLE32.INI file can contain the following
parameters (the items are repeated for each line, as indicated by the index [i],
i=11t0 12):

Keyword Description Default
Typdi] Line type (0-5, 0=None) 0
X-Start[i] X-axis start point 0.0
X-End[i] X-axis end point 0.0

Y -Start[i] Y -axis start point 0.0
Y-End[i] Y -axis end point 0.0
Sopdi] Line slope (0-5) 0

Keyword Description Default
Typdi] Line type (0-5, 0=None) 0
X-Startfi] X-axis gtart point 0.0
X-End[i] X-axis end point 0.0

Y -Start[i] Y -axis start point 0.0

Y -End[i] Y -axis end point 0.0
Sopdi] Line sope (0-5) 0

[FregNotes]

The [FreqNotes] section of the STABLE32.INI file can contain the following
parameters (the items are repeated for each note, as indicated by the index [i]],
i=110 8):

Keyword Description Default

Szdi] Font point size 8

Border|i] Border flag 0

X-Position[i] X-axis position 0.0

Y -Position[i] Y -axis position 0.0

Text[i] Note text Null
[PhaseNotes]

The [PhaseNotes] section of the STABLE32.INI file can contain the following
parameters (the items are repeated for each note, as indicated by the index [i],

[PhaseLines]
The [Phaselines] section of the STABLE32.INI file can contain the following
parameters (the items are repeated for each line, as indicated by the index [i]],
i=1to0 12):

i=1to 8):

Keyword Description Default
Szdi] Font point size 8
Border[i] Border flag 0
X-Postion[i] X-axis pogition 0.0

Y -Position[i] Y -axis pogition 0.0
Text[i] Note text Null

[SigmaNotes]
The [SigmaNotes] section of the STABLE32.INI file can contain the following
parameters (the items are repeated for each note, asindicated by the index [i],

Keyword Description Default
Typdi] Line type (0-5, 0=None) 0
X-Start[i] X-axis gtart point 0.0
X-End[i] X-axis end point 0.0

Y -Start[i] Y -axis start point 0.0

Y -End[i] Y -axis end point 0.0
Sopdi] Line sope (0-5) 0
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i=110 8):

Keyword Description Default
Szdi] Font point size 8
Border|i] Border flag 0
X-Position[i] X-axis position 0.0

Y -Position[i] Y -axis position 0.0
Text[i] Note text Null
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[Toolbuttons]
The [Toolbuttons] section of the STABLE32.INI file can contain the following
flag parameters (the order has no effect):

Keyword Description Default

Open Show Open function toolbutton 0

Add Show Add function toolbutton 0

Read Show Read function toolbutton 0

Save Show Save function toolbutton 0

Conv Show Convert function toolbutton 0

Stats Show Statistics function toolbutton 0

Check Show Check function toolbutton 0

Run Show Run function toolbutton 0

Norm Show Normalize function toolbutton 0

Plot Show Plot function toolbutton 0

Drift Show Drift function toolbutton 0

Histo Show Histogram function toolbutton 0

Ccd Show Cdendar function toolbutton 0

Avg Show Average function toolbutton 0

Print Show Print function toolbutton 0

Noise Show Noise function toolbutton 0

Clear Show Clear function toolbutton 0

Power Show Power function toolbutton 0

Edit Show Edit function toolbutton 0

Sgma Show Sigma function toolbutton 0

Al Show Fill function toolbutton 0

Scde Show Scal e function toolbutton 0

Play Show Play function toolbutton 0

Tag Show Timetag function toolbutton 0

Reg Show Regularize function toolbutton 0

Dom Show Domain function toolbutton 0

Part Show Part function toolbutton 0

Help Show Help function toolbutton 0

Pad Show Notepad function toolbutton 0
[Inputs]

The [Inputs] section of the STABLE32.INI file can contain several read-only
items that serve as user-selectable default values for the following parameters:

Keyword Description Default
PhaseTau Tau vaue for phase data 10
FreqTau Tau value for frequency data 1.0
PhaseAddend Default value to be added to phase datain 0.0
Scale function
FregAddend Default value to be added to frequency datain 0.0
Scale function
PhaseMuultiplier Default factor to multiply phase databy in 1.0
Scale function
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FregMultiplier Default factor to multiply frequency data by in 1.0

Scale function.
PhaseTagScale Timetag scale multiplier for phase data 1.0
FregTagScae Timetag scale multiplier for freq data 1.0
PhaseTagOffset  Timetag scale multiplier for phase data 1.0
FreqTagOffset Timetag scale multiplier for freq data 1.0

If there is no corresponding item in the [Inputs] section of the INI file, the
default value is used. Otherwise, the one in the INI file overrides that value.
The tau number can be changed in the Opened didog box or by editing the
value in the status bar. The addend and multiplier values do not take effect
unless the Scale function is executed. These items are very useful for setting
the tau to a standard measurement interval time, for adding a frequency offset,
and for scaling the data by a particular factor (e.g. microseconds). If there is
timetag data, and no tau [Input], then the spacing of the first two timetags,
scaled by the TagScale vaue, b used as the default tau when a data file is
opened. The TagOffset is applied as the data file is read.

[Archive]
The [Archive] section of the STABLE32.INI file can contain the following
parameters:

Keyword Description Default
Num # Channels 4
Meas Measurement Channel # 2
Ref Reference Channel # 1

The [Archive] section of the INI file contains the default values set by the
Read Archive Configure function.

[Auto#]
The [Auto#] sections (where #=1-3) of the STABLE32.INI file can contain the
following parameters that define the three automation scripts:

Keyword Description Default
FileOpen Hag to open datafile 0
Convert Flag to convert data type 0
Outliers Flag to remove outliers 0
Average Flag to average data 0
Drift Flag to remove drift 0
PhaseDataPl ot Flag to plot phase data 0
FreqDataPi ot Flag to plot frequency data 0
Run Flag to run stability anaysis 0
StabPlot Flag to print sability plot 0
StabTable Flag to print sability table 0
Close Flag to close Auto# dialog box 0

DataPlot Flag to plot data 0
DataPrint Flag to print data 0
PrintCriginal Flag to print original data 0
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PrintCorrected
PrintSel ected
PrintAveraged
PrintResidual
RunPlot

Part

Delay

Script
PhaseVariance
FreqVariance
Filename
PhaseDriftType
FregDriftType
AvgFactor
DataType
AnaysisType
SigmaFactor
DelayTime
Start

End

Flag to print corrected data
Flag to print selected data
Flag to print averaged data
Flag to print resdua data
Flag to plot stahility

Flag to use part of data
Flag to add extra delay

Script name

Variance type for phase data
Variance type for freq data
Data filename to open

Drift fit type for phase data
Drift fit type for freq data

Averaging factor

Data type (0=Phase, 1-Freq)
Stahility analysistype
Outlier sgma factor
Extra delay timein msec

Start data point #

End data point # (O=last point) O
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0
Script_#
Normal
Normal
Null
Quadratic
Linear

Appendix V

Hints and Notes

Launching Stable32
Stable32 can be launched like any Windows application from the Start
menu, from the Run didog or via an icon on the desktop. By associating
Stable32 with a filename extension (such as *.dat), Stable32 may aso be
launched by clicking on a data file or by dragging a data file to the Stable32
icon on the desktop.

Main Window

. The Stable32 main window has the best appearance and functiondity with

XGA (1024x768) or higher screen resolution, and with the main window
adjusted for nearly full width. This alows the use of the mini data plots in
the Stable32 status bar, and al the toolbuttons. If only a lower screen
resolution is available, use the Configure function to choose the desired
toolbuttons, and use the Stats function as an alternate way to observe the
current data. The position of the main window is saved between runs.

GraphiC Plots

. When performing a metéfile file format conversion for a GraphiC plot

within Stable32, make sure that the target path and filename comply with
DOS filename conventions (e.g. no more than 8 characters). Otherwise,
the file creation process will produce an error, and the conversion will fail.
For example, to use the operating system default path C:\My Documents,
the directory name must be shortened to mydocu~1.

. An dternative file format conversion method for hitmaps and metafilesisto

use the Edit/Copy GraphiC menu command. This is the easiest way to
transfer a plot into another open document.

. The best format for including GraphiC (.tkf) plots in a Microsoft Word

document is as a Windows metafile (.wmf).

GraphiC (.tkf) plots can be included in web documents as .gif files by first
converting them into bitmaps and then using the free conversion program
BMPTOoGIF (available on the Hamilton Technica Services web site). This
is the best format for including GraphiC plots in an html document.
Better-looking data plot scales can be obtained by scaling the yaxis to
ppl0** or standard units. This will aso eiminate duplicate scale markings
and the colon that can appear in them. This format is the default when the
Smart Plot Scales configuration item is selected. In the Y-Axis Label edit
control of the Plot Options didog, it is important to understand that []
brackets will create a superscript (see Appendix I1).

Problems have been reported while printing plots after reading data from
read-only network drives because the GraphiC functions are unable to write
the temporary metafile needed for printing. One solution to this problem is
to copy the data file to a loca drive (for which you have write privileges)
before opening it for analysis.
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Do not access the GraphiC menu items or resize the plot while it is
drawing. Problems have been reported on some systems if this is done.
See the Plot Options section for information about the cursor feature.

Stability Analysis

Repetitive Stable32 stability analysis procedures can be automated with
WinBatch scripts.  This can save time, assure consistency and alow the
analysis to be done by less-experienced personnel (see batch Files below).
Time can be saved, and errors avoided, during a complex analysis by first
setting up the data and plot filenames with the Files function.

Enter the tau value in the Data File Opened didog box, as a PhaseTau or
FregTau [Inputs] item in the configuration file, or automaticaly using
timetag data (without the [Inputs] values). In the latter case, the tau value
can be scaled to seconds with the TagScale [Inputs] item. The resulting
tau value may have some small rounding error.

Observe the blue symbol at the top center of the status bar that indicates if
the two data types are synchronized.

Large Data Sets

The most important factor for analyzing large data sets with Stable32 (like
most Windows applications) is RAM memory size, not processor speed.

If possible, average large data sets before beginning an analysis run.

Use the Stop button on All Tau runs if the full results are not needed at
longer averaging factors.

The maximum size data file that can be read is set by the Max Data File
Size item in the Configure function. The purpose of this setting is to
automaticaly activate the data averaging dialog box when alarge datafile
is read. Set this parameter to a value appropriate to your computer’s
speed and RAM.

The Stats, Edit and Check functions can be very sow when processing
frequency data having many repeated values. This is because of the
gsort() function used in finding the median value. One way to work
around this problem is to add a very small dope to the data with the Scale
function in order to eiminate exactly identical data points.

Convenience Features

Use the [Inputs] section of the STABLES32.INI configuration file to
automatically set the tau and scale factor you use most often.

Use the stored text in the plot options drop-down combo controls to avoid
having to reenter labels between plots.

Use the Save and Read buttons to store and recal complete plot
configurations.

Associate the .dat filename extension with the Stable32 program to
automatically launch it by clicking on a data file, with the Open command
on the Explorer File menu, or by dragging the data to the Stable32 icon on
the desktop.

Use the Copy command of the Drift, Sigma, Run and Domain functions to
write their results to the clipboard.
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The File Opened dialog box can be eliminated with the Show File Opened
configuration item to speed data file entry.

Batch Files

The WinBatch batch language program for Windows from Wilson
WindowWare, Inc. is highly recommended to automate repetitive analysis
procedures  with  Stable32. Information is avalable at
http://www.windowware.com.

Screen Setup

Use 1024 x 768 XGA screen resolution or higher, if possible, in order to
support the mini data plots on the Stable32 status bar. This resolution also
supports the use of al toolbar buttons.

With lower than XGA resolution, use the Configure function to select the
toolbar buttons that you want.

The phase and frequency mini data plots can be eliminated by desdecting
the Status Plots box in the Configure function. This can save screen
space and reduce update time on older systems.

Data Output

The results of an analysis can be documented or captured in several ways
for use in another analysis or application. The results of a Check or Run
can be printed. The results of a Sigma or Drift calculation, a stability Run,
or a Domain conversion can be copied to the clipboard with the Copy
button. Software such as the Microsoft ClipBook Viewer can be used to
capture multiple outputs. The results of a Run are written to a sability file
that can be read by the Read function or another application. All of the
GraphiC plots can be printed, copied to the clipboard, or converted and
saved in a number of file formats. And finaly, a synopsis of aStable32
anadysis sessonisrecorded in alog file.

Run Function

Don't press Stop during an octave or decade run until at least one result is
displayed.

The analysis point being processed is repeated if the run is stopped, so the
most efficient time to interrupt a run is immediately after a point is
completed.

It may take a little while for the program to respond to the Stop button
during arun with alarge data set.

It may take a while for the progress bar to indicate anything when starting
arun with alarge data set.

The progress bar shows each point during an MTOT, TTOT or MTIE
octave or decade run, and the overal progress during an dl tau run.
During the latter, the current averaging factor is displayed on the status
bar.
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Appendix VI

5110Comm Communications Program

5110Comm
5110Comm is a program to capture data from the Timing Solutions Corporation
(TSC) Model 5110A Time Interval Andyzer for andysis by Stable32. It may
be launched from within Stable32 by clicking on its toolbutton or the TSC
5110A item in the Utilities menu.

== TSC 5110A Communications Program M= B

COR?2 ® Open 860081 | :
e —
Filename:  |c\stable32icomm.dat Close

FPraess Start to

Scale Factor: |+‘|,|JD|]D|]D|]D|JDE-|]9 Help | read data into
file wia comim
 List ¢ FlotPhase & FlotEreg P:Hm part.

—

——
=
=

L] L]

|| II ||

Hetis 30 sec/div, YeAxis: -1.917e-11 to-1.770e-12 = 3.480e-12/diw
Avg Freq=-9.99261e-12 +/-2.711e-13 (scaled)

- Condensed Operating Instructions
1. Connect the TSC 5110A to a PC COM port using a null-modem cable.
. Launch the 5110Comm program directly or from within Stable32.

3. Verify that the COM port is open by observing the ® Open indicator or
status message in the List box.

4. Enter the desired filename for the data file. Note: If there is an existing
file with this name, it will be overwritten each time a new run is started.

5. Enter the scale factor to convert cycles of the A channel frequency into
seconds. Thisis equa to the period of the A channel frequency (e.g. 100
nsec or 1e-7 for 10 MHz).

6. Press the Start button. Data capture will begin immediately at I-second
intervals, or as soon as the TSC 5110A is started.

7. The captured data can be displayed as a ligting, a phase plot, or a
frequency plot by selecting the desired Radiobutton above the display area.

8. Thedatalisting shows the data point number, the raw TSC 5110A data (in
cycles of the A channel frequency), and the scaled data file vaues (in
seconds of phase difference), as labeled below the liting.
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9. For plots, the annotation in the firgt line below the display shows the
plot scales. The X-axis scale is shown in sec/div. The Y-axis scale
is shown as the maximum and minimum data values and the scae
factor per divison. Phase plots have units of seconds, while
frequency plots show dimensionless fractiona frequency. For plots,
the average fractional frequency and its standard error are shown on
the lower line.

10. The current data point number is shown in the text box above the
plot. This number is useful for tagging purposes if a measurement
condition (such as supply voltage) is changed.

11. During data capture, dl the controls in the 5110Comm dialog box are
disabled except for the display sdlection, window minimization (- ),
and the Stop button.

12. If the 5110Comm dialog box is minimized, its icon in the system tray
displays the data point number to show the progress of the run.

13. It is OK to read data from the 5110Comm datafile into Stable32 “on
the fly” during a run. In that way, a preliminary anaysis of the
results can be performed while continuing to capture data.

14. Access to the help file during a run can be obtained by launching
another instance of 5119Comm.

15. After a run, the on-screen portion of the listing, phase plot and
frequency plot can be examined. And, of course, the data file can be
read into Stable32 for a complete analysis.

16. The 5110Comm program uses a standard Windows initidization file,
5110Comm.ini, to hold configuration information about the program.
This file retains the previous COM port, data filename, scale factor
and display mode. It can aso be manualy edited with a text editor
such as Notepad to change those and other parameters. In
particular, the number of listing and plot points can be set with the
ListSize and PlotSize items in the [Preferences] section. Because
the plots have 8 X-axis divisions, it is best if the PlotSize value have a
“round” number after division by 8 (e.g. PlotSize=240 will provide a
scale of 30 sec/div).

Note

The 5110Comm program is not included with al versons of the Stable32
software package.
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