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ABSTRACT

We compared two typical ensemble time scale algorithms; AT1 and Kalman filter. Four commercial atomic clocks composed

of two hydrogen masers and two cesium atomic clocks provided measurement data to the algorithms. The allocation of

relative weights to the clocks is important to generate a stable ensemble time. A 30 day-average-weight model, which was

obtained from the average Allan variance of each clock, was applied to the AT1 algorithm. For the reduced Kalman filter (Kred)

algorithm, we gave the same weights to the two hydrogen masers. We also compared the frequency stabilities of the outcome

from the algorithms when the frequency offsets and/or the frequency drift offsets estimated by the algorithms were corrected

or not corrected by the KRISS-made primary frequency standard, KRISS-F1. We found that the Kred algorithm is more

effective to generate a stable ensemble time scale in the long-term, and the algorithm also generates much enhanced short-

term stability when the frequency offset is used for the calculation of the Allan deviation instead of the phase offset.
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2. TIMESCALE ALGORITHMS

2.1 AT1 Algorithm
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. Estimate the phase difference of clock j with respect to the
—>  ensemble at the current epoch t; (= t_1+7):
Zje(k) = xje(k = 1) + yje(k — DT+ 05 dje (k — 1)z?

N

. Measure the phase difference of clock j with respect to the
reference clock r :

Zpj (k) = x.(k) — x;(k)

w

. Predict the phase difference of the reference clock with respect
to the ensemble based on the model for clock j using the
measurement of the phase difference between randj :

R1,(0) = 2,0 (0) + 7,5 (k)

b

Estimate the phase difference of the reference clock r with respect
to the ensemble by weighted sum of all member clocks :

Reelk) = 2, wi(0OR], (h),
Xy (k) = Rpp (k)

5]

. Update the phase difference of each clock j with respect to the
ensemble:
%je (K) = %o (k) — 2,5 (K)

@

Calculate the frequency of clock j with respect to the ensemble
over the time interval T :

Jie(k) = {xje (k) — e (k = 1)}/7

. Update {and/or correct) the frequency of clock j with respect to the
ensemble {and/or the KRISS F1):

Ve (k) = yjo(k = 1) + = (06 = yje Gk = D) + dye = 1

~

Fig. 1. Steps and equations of the recursive AT1 time scale algorithm.
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1. Measure the time difference (reference clock r — member clock i)
(k) = x.(k) — % (R) > 212,213, 214]

2. Run the Kalman filter clock algorithm with the covariance x-reduction
X = 0%
I = ®hL_ 0T +Q
K= HT(HI HT + R)™!
X = Xy + Kie (2 — HX))
I, =TI, — K HI,
I, « S6ST

}

3. The state vector estimates of the ensemble composed of four clocks
X = [21, 91,41, %2, 92, A2, 23,93, d5, 24, 94, d4]

: covariance x-reduction

4. Correct the frequency estimate (§;) and/or the frequency drift
estimate (d;) with the KRISS-F1 frequency standard

}

—— 5. Save the data in afile

Fig. 2. The recursive Kred time scale algorithm.
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Fig. 3. Schematic diagram of the system to generate the ensemble time
scale (MMS: Multi-channel Measurement Systems).
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3. GENERATION OF TIMESCALES
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Fig. 4. Combined Allan deviation graphs using 3 different data : clock
comparison data with respect to the reference clock H26 over the
averaging time between 900 s and 86400 s, frequency comparison data
with respect the KRISS-F1 between 1 day (86400 s) and 52 day (4.5x1 0°%s),
and UT7C-c|ock data from BIPM between 60 day (5.2x10°% s) and 120 day
(1.0x10"s).
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Weights of clocks from past to present
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Fig. 5. Weight curves for AT1 algorithm allocated to the hydrogen masers
(Hm) and cesium clocks (Cs), which were calculated inversely proportional
to the Allan variances (square of ADEV) of Fig. 4.

Table 1. Dispersion coefficients of the system noise covariance matrix
used in the Kred algorithm (AHM: Active Hydrogen Maser, HCC: High-
performance Cesium Clock).

Clock (code) ¢, (unit: s) ¢, (unit: 1/s) q (unit: 1/s%)
AHM (H26) 1.0x107* 2.7x10% 4.0x10™"
AHM (H28) 1.0x107” 2.7x10% 4,0x10™"
HCC (Cs35) 7.0x10* 4.0x10™% 3.0x10*
HCC (Cs83) 6.0x10% 4.0x10% 4.0x10%
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Calculated using the AT1 output: phase offset
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Fig. 6. Allan deviation graphs of the 4 clocks, obtained from the phase
offsets estimated by the AT1 algorithm.
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AT1 output (phase offset) and the KRISS-F1
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Fig. 7. Allan deviation graphs of the 4 clocks, obtained from the phase
offsets estimated by the AT1 algorithm. Both the frequency offsets and the
frequency drift offsets of the 4 clocks are corrected by KRISS-F1 frequency
standard.
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Calculated using the Kred output: phase offset
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Fig. 8. Allan deviation graphs of the 4 clocks, obtained from the phase
offsets estimated by the Kred algorithm.
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Fig. 10. Comparison of the Allan deviation graphs obtained from the
frequency offset (yTAH26) and the phase offset (XTAH26) estimated by the
Kred algorithm. The frequency drift offset of the reference clock (H26) is
corrected by the KRISS-F1 frequency standard.
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