THE DEEP SPACE NETWORK STABI LI TY ANALYZER

Julian C. Breidenthal, Charles A Greenhall,
Robert L. Hamell, Paul F. Kuhnle

Tel ecommuni cations Systens Division
Jet Propul sion Laboratory
California Institute of Technol ogy

14 Decenber 1994

ABSTRACT

A stability analyzer is described, for testing of NASA Deep Space Network
installation during flight radio science experinments. The stability anal yzer
provi des realtime neasurenents of signal properties of general experimental
interest: power, phase, and anplitude spectra; Allan deviation; and tinme
series of anplitude, phase shift, and differential phase shift. | nput ports
are provided for up to four 100 MHz frequency standards and ei ght baseband
anal og (> 100 kHz bandwi dth) signals. Teat results indicate the follow ng
upper bounds to noise floors when operating on 100 MHz signals: -145 &Bc/Hz

for phase noise spectrum further than 200 Hz fromcarrier, 2.5 X 10'_15 (7 =1

second) and 1.5 x 10717 (T = 1000 seconds) for Allan deviation, and 1 x 1074
degrees for |-second averages of phase deviation. Four copies of the
stability anal yzer have been produced, plus one transportable unit for use at
non- NASA observatori es.

| NTRODUCT! ON

The Deep Space Network (DSN) is called upon to attain high Ievels of
frequency stability for scientific purposes. For instance, the upconing
Cassini mission to Saturn will use the DSN to attenpt detection of
gravitational radiation, and to observe properties of Saturn's rings
at nosphere, and satellites [1].

These and related investigations [2] neasure small perturbations on a
radio signal passing between the earth and a distant spacecraft. The cCassini
applications are fairly typical, requiring frequency stability of a few parts
in 1015 (Allan deviatian for sanpling tinme t=100 to 10,000 see) and single-
si ded phase noise around -60 dBc/Hz (1 to 10 kHz offset froman 8.4 GHz
carrier)

It is challenging to achieve such stabilities in the operationa
environment faced by the DSN. That environnent includes nonths-long periods
of duty; distributed, outdoor, and noving equiprment; and conpetition for
observing time. We have found that stability failures can remain hidden in
the bul k of DSN activities, only to surface when the scientific experinent is
undert aken. This is troubl esone because nobst. experinents cannot be repeated

Therefore the DSN has, in the past, tested its systens using
instrunentation suitable for use by specially trained personnel. Thi s
approach was expensive, however, and the tinme to analyze data has often
al  owed additional diagnostic evidence to disappear, necessitating rePeat
tests.




W devel oped a stability analyzer to enable operat.ions personnel to
rapi dly measure stability in various ways, in order to |ower costs and reduce
response timne. The particular measurenents made are: power, phase, and
anplitude spectra; Allan deviation; and tinme series of anplitude, phase shift,
and differential phase shift. Qur analyzer provides inputs for up to four 100
MHz frequency standards and ei ght baseband analog (> 100 kHz bandwi dt h)
signals, with the possibility of expanding to accept digital inputs over a
| ocal area network. Four copies of the stability analyzer have been produced
plus one transportable unit for use at non-NASA observatories.

| NSTRUVENT OVERVI EW

The DSN stability analyzer has two mgjor conponents: 1) the RF and
Anal og Assenbly, and 2) the Controller Assenbly, as depicted in Figure 2.

The RF and Anal og Assenbly provides the conditioning and conversion of
the input analog signals into a signal the controller can anal yze. The
equiprent is installed in two parts: the 100 MHz Interface Assenbly and an RF
Cabi net Assenbly.

The 100 MHz Interface assenbly resides as close as possible to the DSN
primary frequency standards (usually H masers). Intentionally, this |ocation
is isolated fromroutine personnel access, as well as from as many
envi ronnental influences as possible. The assembly receives four 100 MHz
i nputs, which can be c:onpared in pairs. The conparison (described further
bel ow) results in a 100 kHz signal that is sent over a fiber-optic interface
to the RF cabinet. The RF assenbly resides in a convenient |ocation for
access by test personnel. It provides reference frequency synthesis and
di stribution, sw tching anong the possible input sources, signal conditioning
in the form of anplification, and optionally downconversion with detection of
zero crossings.

The Controll er Assembly resides next to the RF assenbly, and provides an
operator interface for selection of the test type and hardware configuration,
and for presentation of results. The Controller also controls details of
switches and instrumentation, acquires data by neans of analog-to-digita
converters and a time interval counter, and analyzes the data acquired
Oiginally, the RF assenbly was housed in one rack and the controller
equi prent was housed in a second rack. These cabi nets have since been bolted
together to form a double cabinet, and conponents of each have been swapped to
i nprove ergonomics for the operator. See Figure 1 for a photograph of the
doubl e cabi net.

ANALOG ELECTRONI CS DESI GN

100 Miz Interface Assenbly. This assenmbly selects the pair of 100 Mz
signals to be analyzed and converts the selected signals into a formthat can
be transported to the low frequency equiprment. Figure 3 shows a block diagram

Qut put fromthe 100 MHz assenbly is sent on fiber optics to the | ow
frequency equipnent to prevent ground |oop currents that, could induce spurious
signals or noise into signals being neasured, or could contam nate the
frequency standards outputs. The 100 MHz Interface has four 100 Mz i nput
ports. Two input ports are connected to H-Maser outputs, and one other port is
normal |y used for conparing the stations coherent reference generator 100 MHz
output against the H-nmasers. The 100 MHz signals are sel ected for neasurenent
using RF relays followed by high reverse isolation anplifiers cascaded with
output matrix sw tches. The conbi ned isolation of both sets of sw tches and 60




dB reverse isolation of the anplifiers provides nore than 150 dB crosstal k
i sol ati on between signals.

Switch control commands are sent over fiber optics to the 100 MHz
Interface using conmercial nodens and digital 1/0 boards to address switch
decoders that operate the sw tches.

The selected pair of inputs are frequency nultiplied by 99 and 100
respectively with phaselocked cavity multipliers. The multiplier outputs at
9.9 GHz and 10.0 GHz are nixed to generate 100 MHz. The result is frequency
translated to 100 kHz in an offset frequency generator, and sent on a fiber-
optic link to the low frequency assenbly.

The frequency conversion process yields a single 100 kHz carrier with a
phase spectrum containing the relative stability of the 100 MHz inputs, with a
40 dB margi n above what woul d be obtained from direct mxing of one input with
the other input, offset by 100 kHz. Anplitude information is lost. Frequency
translation to 100 kHz is necessary for the A/D converter, and allows the
signal to be transported to the |ow frequency assenbly over |ow cost nultinode
fiber optics.

Low Frequency Interface Assenbly. This assenbly contains swtches that
select anong baseband receiver signals and the 100 kHz signal fromthe 100 MHz
assenbl y. The selected signals are routed tc, measurement ports of the
conputer system Figure 4 shows a block diagram

Baseband signals are selected by matrix switches and sent to programmabl e
attenuators that set levels into the interface anplifiers. Another matrix
switch outputs the selected signals to the desired output ports. The frequency
transl ated 100 MHz nmser-pair signal is input to the |ow frequency assenmbly on
mul tinmode fiber. The fiber-optic receiver output is #30 kHz bandpass filtered
to elimnate aliasing of spectral conponents, then fed to the output matrix
switches. One output of the matrix switch feeds a zero crossing detector for
| -second phase neasurenents. The zero crossing detector generates a 1 PPS
output that is fed over fiber optics to the frequency counter. The ot her
outputs of the matrix switch are sent on coax cable to A/D converters in the
VME Assenbly for other nmeasurenents of signal, phase, and anplitude. A digita
1/0 assenbly receives Rs232 switch commands fromthe conputer to address the
switch decoders that actuate the matrix switches and set attenuation val ues

Zero Crossing Detector. The stability analyzer enploys two nethods for
phase detection: one nmethod using software processing of A-D sanples, and
another using a time interval counter [5). For the second nethod, we use a new
desi gn of zero crossing detector that has reduced tine jitter conpared to
previous designs’ [4]. In operation, the zero crossing detector heterodynes the
signal to 1 Hz, then processes the 1 Hz output to produce 1 Hz rate, 30
m crosecond wi de pulses that are sent over fiber optics to the tine interva
count er

Time Interval Counter. A HP 5334B Counter is nodified to accept inputs
fromthe rear panel, and to accept the fiber-optic signal fromthe zero
crossing detector and a 10 PPS signal fromthe reference distribution
assenbl y.

Ref erence Frequency Distribution. This assenbly distributes a high-
stability 10 MHz station reference to the frequency synthesizers and the tine
interval counter, and al so generates a 10 pul se per second signal used by the
time interval counter for phase detection

Envi ronnmental concerns. The stability anal yzer has been designed to
m ni m ze influence of the environment on nmeasurenments. The nost
environnental ly sensitive equipnment is placed in the frequency standards room
where anbient tenperature stability is better than *1°c. a1l signals between




the 100 WHz assenbly and the stability analyzer racks are connected through
fiber optics to elimnate groundl oops that could i nduce powerline spurious
into neasured output. The analog electronics of the 100 Mz and |ow frequency
assenblies are tenperature stabilized with a thernoelectric control system

t hat reduces roomtenperature variations by a factor of 20x. Magneti c shi el ds
around the electronic attenuate magnetic fields by nore than 20 dB, thereby
m nim zing pi ckup of AC powerline harnonics.

CONTROLLER AND SOFTWARE DESI GN

The Controll er Assembly consists of a Sun Microsystem Spare 2 general
pur pose conputing system wth an attached VME conputer chassis. The Spare 2
performs the user interface function, hardware control, and the display and
| ogging of test results. The conputer includes an Integrix SBus expansion
unit, a 1.2 GByte hard disk, a 5.0 Gbyte Exabyte tape drive, a CD ROM reader,
along with the usual nmonitor, keyboard, mnouse, and |aser printer. Seri al
ports are used for communication with the anal og hardware and a tine code
translator, and an | EEE 488 bus is used to communicate with two frequency
synthesizers and a tine interval counter. (One synthesizer supplies the |ocal
oscillator for the last downconversion to 1 Hz as shown in Figure 4, while
anot her supplies the sample clock for A-D conversion. ) The VME chassis
contains a Skybolt 811.6-V vector processor and an Analogic DVX 2503 16-bit,
400 kHz A-p converter.

The Skybolt conputer is delivered with its own Uni x-based operating
system which allows the execution of one user program We have written the
one user programto provide customreal-tinme nultitasking and digital signal
processing. The program is designed to acconmpdate one test at a tine, in the
form of an execution script including the digital signal processing, along
with some small Skybolt system tasks. The code is witten in C and Fortran.

The software on the Sun runs with the Uni x operating systemusing a
Motif-style w ndow nanager environment. Cust om screens al |l ow operators to use
the stability analyzer with only occasional reference to an instruction
manual . Uni que teat script files are conpiled at run-tinme to control test
tasks, which are start.ed in the Sun and executed in the Skybolt. The scripts
are witten in a custom | anguage, simlar to Structured Query Language (SQ),

i ncl udi ng higher-level. operations such as Define, DowWhile, If, etc. The Sun
code is witten in C, sone of which is conputer generated by programing tools
and utilities, nainly Builder’s Xcessory, Lex, and Yacc.

The signal processing software supports tests for Allan deviation of
phase and differential. phase, tine series of phase and anplitude, and spectra
of signal, phase, and anplitude. Each of 17 distinct tests can be sel ected by
the operator with a single nouse click on the dieplay. The test configuration
paraneters (input source, sanple rate, averaging tinme, etc.) are automatically
| oaded from editable configuration files, and can also be nodified at the
di splay by the operator.

The sanple clock for A-D conversion comes froma Hew ett Packard 3325A
synt hesi zer, referred to 10 MHz fromthe Reference Frequency Distribution
Assenbl y. Al t hough the A-D converter can handle 400 kHz, the current limt is
230 kHz because of workarounds for an unresolved hardware inconpatibility.
Neverthel ess, this rate is adequate to handle two of the w dest baseband
signals (bandwi dth 45 kHz) fromthe Deep Space Network Radi o Sci ence open-| oop
receiver. The frequency span of spectra can vary from 50% of the sanple rate
down to an arbitrarily small band about the carrier.



SI GNAL PROCESSI NG ALGORI THVS

Vectorized processing. The signal processing routines run on a single-
board conmputer, the 40 MHz Skybolt, containing an Intel 1860, a floating-point
vector processor with its own hi gh-speed data cache. To achi eve the best
conputati onal throughput on this processor, we avoided recursive operations,
such as phase-| ocked | oops and recursive digital filters, in favor of
sequential, nonrecursive operations on |arge arrays, such as element-by-
el ement vector arithmetic, inner products, finite-inpulse-response (FIR
digital filters, and the fast Fourier transform (FFT), all of which are
supported by Sky Conputer’s vector library and conpiler. Throughput of 25-30
mllion floating-point operations per second were achieved

Sampling the video signal. W& discuss here only the processing of the
signal through the A-D converter; the processing of 1-Hz zero-crossing signals
through the counter has previously been docunmented [5]. The anal og “vi deo”
signal is specified to be a sinewave with weak sidebands in a known frequency
band about the carrier. (The total sideband power should not exceed about -30
dBc. ) First, this signal has to be sanpled at a such a rate that the
si debands of the digitized signal faithfully reproduce the sidebands of the
anal og signal. For exanple, the output. of the 100 Mtz Interface Assenbly is a
100 kHz signal with sidebands between 85 kHz and 115 kHz. |f this is sanpl ed
at 80 kHz, the sanpled signal, which lives in a 40 kHz band, has a carrier at
20 kHz and sidebands between 5 and 35 kHz. The 16-bit A-D necessarily adds
its own noise and distortion; fortunately, by adjusting the sanple rate one
can reduce their effects on neasurenment results by whitening the noise and
novi ng the aliased harnonic distortion i mages away fromthe frequency band of
interest.

Overview of signal Processing. To allow the user to check the overall
quality of the signal, we supply a test called “full band spectrunt. Thi s
test sinply conputes a spectrum of the sanpled signal in the maximum frequency
span avail able, narmely, half the sanple rate fs. Al so provided are snapshot

plots of A-D sanples vs tine.

The main job of the DSP is to extract the phase and anplitude nodul ations
fromthe digitized video signal within a user-sel ected frequency B of the
carrier. Two processes for this are supplied, called medi um band and narrow
band. Medi um band is used for B fron1f8/4 down to f8/256. Narrow band is

used for for smaller values of B, with essentially no lower bound except that
inplied by the user’s patience. These processes are described bel ow First,
however, we describe a vectorized algorithmfor sinewave anal ysis that
underlies much of the processing

The Pony Computation. At the heart of the DSP is a sinple vectorized
algorithm for estinating the frequency, phase, and anplitude of one batch of a
sanpl ed sinewave. It was obtained by adapti ng Prony‘s net hod of harnonic
analysis [6] to the case of just one harnonic conponent, the carrier itself.
G ven an N-point data vector (x, n=0. . N1), we wish to fit a sanpled

si newave ¢ = A cos(wn + ). The conputation is divided into two parts: Pony

1, which estimates frequency &, and Pony 2, which estimates A and O. The Pony
1 conputation uses the observation that the noisel ess sinewave e satisfies

the difference equation (;1 + Chel = (2 Cos w)c” Accordingly, we estimte 2

+

cos & as the regression coefficient of the vector (xn + xn+l) on the vector

-1




(x,), where nruns from1l to N 2. This conmputation requires only two inner

products, of forn12xﬁ and Exnxn+1' pl us sone scal ar arithnetic. For use in
Pony 2 and el sewhere, we al so generate a complex vector of powers un, where u
= exp(-iw), by neans of a vectorized “powers” algorithm that takes advantage
of the Skybolt architecture.

Pony 2 uses wto estimate A and @ by solving the two-paraneter least-
squares problem x, = a cosWn -b sin wn for the unknowns a and b. The only

vector conputation needed is Exnun. Then A and # are obtained from A exp(if)

= a + ib.

Medium Band Processing. This node of processing operates by a sequence of
m xing and filtering to extract the conpl ex-valued anal ytic signal, containing
only the power from the positive-frequency side of the original waveform [7],
from which the anplitude and phase nopdul ations can be extracted by a
rectangul ar-to-pol ar operation. The Pony 1 calculation estinmates the carrier
frequency f., and a m xing signal exp(~121fct) is generated by the powers

al gorithm After the right-hand part of the carrier is mxed to zero
frequency, a FIR lowpass decimation filter is applied to elimnate the other
part of the carrier and to select the desired frequency span (-B, B). The

result is the desired analytic signal within B of the carrier, shifted to zero
frequency.

The analytic signal is the basis of all further processing. If a signa
spectrum is wanted, then a two-sided spectrum is generated after renoving the
DC component (the shifted carrier). If anplitude or phase are wanted, then a

rectangul ar-to-pol ar operation is applied and the phase sequence unw apped
from (-7, 7). (Wan, Austin, and Vilar [8] give a nore efficient unw apping
met hod. )

Narrow Band Processing. In this nbde of conputation, the A-D data for the
whol e run are processed in contiguous batches of size neach of which is
anal yzed by both parts of the Pony conmputation to produce a sanple of batch-
averaged frequency, anplitude, and phase. The bandwi dth of the extracted
anplitude and phase sanples is fB/(zN). Because of the efficiency of the Pony

conmputation, the DSP can keep up with the stream of A-D sanples at the highest
rate of the A-D converter, 400 kHz, al though, as nentioned above, the analyzer
is currently limted to a total sanple rate of 230 kHz.

For computational efficiency, N has to be at |east 200. To save storage
we do not allow batches greater than a desi gnated naxi num batch size (now
8192) . Because we also wish to allow arbitrarily small analysis bandw dt hs,
the batch averages can thensel ves be averaged together in groups of arbitrary
size r to produce sanples with bandw dth fa/(ZNr). In choosing this crude

lowpass deci mation nethod, we accepted sone aliasing problens to gain
sinplicity, consistency, and efficiency.

The phase information conmputed by Pony 1 and 2 is local to each batch,
and is known modulc 27 only. We have devised an algorithmto process these
| ocal data into a sequence of global phase residuals; it is essentially the
same as the algorithmused for processing the 1 Hz zero crossing counter
readi ngs [5]. For the algorithmto succeed, the frequency must be changing
slowly enough from batch to batch so that the current batch phase can be
predicted fromearlier ones within #. The algorithmissues an alarmif any
prediction error exceeds 7/2 in absol ute val ue.




The |l owrate sequence of anplitude and phase residuals extracted by the
narrow band process can be subjected to a variety of post-processing
functions, including tine-series display, spectral estinmation, and Allan
devi ati on. For a two-channel test, the phase residuals of the two channels
are conbined by subtraction (with sonme adjustnents) to give differentia
phase, which can be post-processed in the sane way as singl e-channel phase
residual s.

Spectral Estimation. Direct FFT-based spectral estinmation nethods are
used [9]. The sequence of operations applied to a data buffer is detrending,
tapering, zero-padding to a power-of-2 FFT size, applying a real or conplex
FFT, squaring the magnitude, equalizing the | owass decimation filter, and
scal i ng. Sone of these elenents are discussed below. A sequence of spectral
estimates can be averaged to produce a run spectrumwi th greater statistica
stability.

Spectral density of signal, phase, or fractional anplitude deviation is
di spl ayed in units of dBc/Hz, i.e., single-sideband power per Hz relative to
total (carrier) power, expressed in decibels. Thus, a phase spectrum shows
Script-L(f) = Sw(f)/z. A signal spectrum shows both sidebands.

Each spectrum produced by the anal yzer has an associ ated resol ution
bandwi dth b, which is just the two-sided noi se bandwi dth of the spectra
wi ndow. The power of a narrow spectral line in dBc equals its displayed |evel
in dBc/Hz plus 10 1og10 b. Both b and 10 1og10 b are reported to the user

Detrending. Before applying the FFT to a data array, this analyzer
preconditions the array by subtracting a linear fit obtained by drawing a
straight |ine between the centroids of the first sixth and the |ast sixth of
the graph of data vs tine. This procedure renoves both the |evel and slope
di vergenci es characteristic of certain processes with stationary second
increments [10], and allows the average of nmny array spectra to converge to a
stable run spectrum Walls, Percival, and Irelan [11l], who preconditioned
their data by subtracting the mean, found that the estimted spectrum for

noise with a true f'4 spectrum depended on the nunber of array spectra that
were averaged. For full band spectrum no detrending is needed because nopst
of the energy is in the carrier.

Dat a Tapering. To avoid problens of energy |eakage from high portions of
a spectruminto | ower portions, each data array is nmultiplied by a tapering
sequence drawn from a family of functions called discrete prolate spheroidal
sequences (DPSS). (Actually, we use a set of convenient approxinmations, the
“trig prolates™ devel oped by Greenhall [13].) For full band and nedi um band
spectra, we use a single bell-shaped taper fromthis fanmly. For narrow band
spectra we use a nonadaptive, unweighed version of Thomson’s nultiple-taper
method [12][9]. An array of detrended data is tapered by four orthogonal
tapering sequences, giving rise to four distinct "eigenspectra®, So(f) through

s3(f). These are averaged to produce the spectral estimate S(f) for the
array. In a broadband noise region, the Sk(f) are approximately uncorrelated,
and hence S(f) has about one-fourth the variance of each Sk(f). For a given

frequency resolution, the desired statistical stability is achieved fromfewer
data arrays.

Allan Deviation. Froma stream of narrow band or 1 Hz zero crossing phase
residuals, the analyzer produces estinmates of Allan deviation with estinmated
drift. renoved, using the sinple three-point drift estimtor reconmrended by




Weiss and Hackman [ 14]. The required ‘r-overlapped sums for first and second
nmoments of second T-differences of phase are accumulated in real tine.

To generate conservative error bars for plus or m nus one standard
devi ati on of Allan variance, we assuned a random wal k-frequency nodel of phase
noise. Using a nethod of Greenhall [15], we carried out a nunerica
conput ati on of v, the equival ent degrees of freedomof the drift-renoved Allan
variance estimator, as a function of Mm,the nunmber of summands. The sequence
of ¥ vamwas fit with a sinple enpirical fornula. Then, if 0 is the
esti mated Allan deviation, the reported error bar is

o1+ (2/v)%)2,

Because of severe negative bias of the drift-renoved estinmator for small M
results are reported only for mM2 4.

TEST METHODS

A series of testes of the stability analyzer were conducted at JPL‘’s
Frequency Standards Laboratory in order to denonstrate first, that the results
of the stability analyzer agree with those of other neasurenent equi pnent, and
second, that it neets its noise floor requirenents. Noise floor results are
given in Table 1 bel ow

Allan deviation runs of length at least 24 hours were carried out on
pairs of 100 MHz frequency standards. The results were conpared to those from
an existing FSL Allan Deviation test set and found to agree within 5%  The
noi se floor was measured by splitting the single output. of an H naser and
applying it to two inputs of the stability analyzer. These tests were carried
out in both zero crossing detector node and the narrow band phase nodes.

Tinme series of differential phase were tested usinga HP 3326 dua
channel synthesizer as the input source. The two outputs of the synthesizer
were manual |y steered in frequency to produce phase drifts of known anplitude.
Conparison was nade to the results froma HP 8508 phase nmeter, and also to a
strip chart recording the phase difference. This last signal was devel oped by
sinple nmixing between the two outputs of the synthesizer. These tests were
also run with both channels of the synthesizer set at the sane frequency for
at least 15 hours, to observe the noise floor.

Spectra were tested in a variety of ways. The signal sources were two
H masers for the 100 MHz inputs, one H-mamer and an HP 8662 synthesizer, or
one or two HP 3325 synthesizers for the baseband anal og inputs. In the latter
two cases, one synthesizer was nodul ated either by another synthesizer to
simul ate spurious signals, or by a HP 3561 noi se source to simulate phase
noi se. The spectrum was then conpared to the results froma HP 3589 or 3561
spectrum anal yzer. The results agreed within a typical 2 dB peak-to-peak
variation between spectral bins. For noise floor tests, a single H maser
signal was divided and applied for conparison at two inputs.

Table 1. Stability Analyzer Noise Floors

Test [ nput Source

Allan Deviation 100 MHz T g
1 sec 6e-15
10 sec 2e-15




100 sec 2e-16

1000 sec 3e-17
Phase Spectrum 100 MHz Freq. Spectral Density
1 Hz -126 dBc/Hz
10 Hz - 135 dBc/Hz
>100 Hz -142 dBc/Hz
Si gnal Spectrum  baseband 1 Hz -92 dBc/Hz
10 Hz -97 4dBc/Hz
>100 Hz -98 dBc/Hz
Phase Spectrum 1 Hz -98 dBc/Hz
10 Hz -104 dBc/Hz
>100 Hz -105 dBc/ Hz
Ampl i tude Spectrum 1 Hz -70 dBc/Hz
10 Hz -85 dBc/Hz
>100 Hz -88 dBc/Hz
Diff. Phase baseband Avg. Tine Phase Error
1 r3ec <0.001 deg rns

1000 sec <0.04 deg rns
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Fig. 1. Stability analyzer rack arrangement.
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Fig. 2. Stability analyzer in a typical DSN installation.
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Fig. 3 100 MHz interface block diagram
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Fig. 4. Low frequency interface block diagram




