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Modern atomic clock ensemble etalons are requiredt

produce continuous output signal

v’ _long continuous measurements

v' critical applications: communication with space
stations, etc.

Requirements to reserving system:

v’ Failure of certain atomic clock must not lead to
ohase/frequency jumps of the output signal

v Designed system is desired to be full-automatic
v’ |t is attractive to get physical signal possessing
frequency stability of ensemble weighted average
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Standard approach to output signal reserving
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Standard approach to output signal reserving

Disadvantages:

* Long time forinput signal analysis and commutation
 Unavoidable phaseffrequency shift during.commutatio
e System complexity
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Alternatlve approach _

. Real-time
‘atomic clock
. combiner
VCH-317

5, 10, 100 MHz, 1 Hz

_____________________________________________________________________________________________

Scheme for output signal reserving in atomic clenkemble
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Advantages:

v
4

v
v

Fast detection and program detaching of failuraadig
No phase/frequency shifts due to attaching/detgchin
Input signals

Can be realized in one device and reserved addilyon
Frequency stability of output signal can be impubé
can be better than the stability of the best refeze
standard)
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P1D-control algorithm for frequency stabilization

DAC1 =DAC, +A- 3 Yn =KP(Yn = Yn) - k¢ (Yn =2Yn-1+ Yn-2)

Y = 1 (Xn _ Xn—l) — relative frequency difference
[
— programmed frequency offset  Loop sample time& = 10 ms

ki ke kd are opt|m|zed< > Introduced phasg noise

and AVAR are minimized

Output frequency calculation

N
fout =0+t + > ) f
n=1
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Frequency instability introduced by the system
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No shifts in phase and frequency after adding/removing referencggnal
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Frequency stability of the output signal
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Optimal weights selection problem
wot +o

10°

10°

10"

10’

(7)

Output signal frequency instability is minimized for single averaging anig

Possible solutions

1) Virtual atomic time scale + control of aux

lapgcillator

2) Multi-scale control
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One-time-scale control algorithm:

Two-time-scale control algorithm:

N ( N

_ S| ..S L{. L L

AU\ = _ZWn Yn — ZWm(Yn - Ym)
n=1 \ m=1

Addition long averaging time estimation of frequency differences is
required



Viemya-CH

RUSSIA
A S| \,S N L., L L

AUy = _ZWn Yn ~ ZWm(Yn - Ym)
n=1 m=1

Weights estimation for two-scale frequency control:

Short time: Z _9

L Uﬁz(fL)

2.0(")

W

n

Long time:

Estimation of frequency stability of reference signals is needed



| Vremya-CH
) )

RUSSIA

Modeling

Two types of reference signals: 4 + 4

=1 secC

7- = 20000 se. g i
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Results of modeling. Dynamics of
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Vremya-CH — Rasylts of modeling
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Summary

v Atomic clock combiner system seems to be
effective for output signal reserving (fast
detection and exclusion of invalid reference
sighals, no phase/frequency jumps)

v' Simple modification of the algorithm allows to
obtain output signal frequency stabllity better
than the best input signal has for allr
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