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Jones-Tryon Clock Model 

X ( t  ) = [ x( t ) , y ( t  ), z ( t ) IT  = departure from ideal clock at date t 

X ( t )  = ( o ( ~ ) X ( t - ~ ) + W ( t , x )  where 

covw = qx 

@(T) = 

0 0  1 1  

T O O  T 3 / 3  T2/2 0 T5/20 .c4/8 ~ ~ 1 6  

T 4 / 8  T 3 / 3  T 2 / 2  

0 0 0  T 3 / 6  T2/2 T 

4 x  q Y T  11 3 Hadamard variance Ho;  (T) = - + - + -qZx 
T 6 120 

BIPM 2002.03.18-19 3 



.. 
d
 

ii F: 
0

 

cd 
.
I
+

 
c
,
 

c
,
 

rl 
x
 n n
 

M
 

.. m
 

a, 
c
,
 

4 LCC 
0
 

II n
 

F-c n
 

n
 

l
u
 
I
 c 
2
 c, 

x n n
 

&
 

L
 

n
 

‘k
 
I
 

<*- 
I %- II 

n
 

lu
 
I
 

n
 

l
u
 
I
 

m
 

.+ 
c
,
 

m
 

cd 

n
 

n
 

l
u
 

J
 

II 

cd 
m

 
c
,
 

Q
) 

cd 
E 
-+

 
c
,
 

m
 

Q
) 

L
L

 
n
 

+
-
)
n

 
‘k
 

cd 
n
 

n
 

u
 
I
 

cn 
w

 
S

 
8- 

4
: 0
 

c
)
 

x
 
I
 

d
 

0
 

I 
n
 

lu
 

<g- 
U

 
m E 
-
 

II 
n
 

l
u
 
I
 

<*- 
d
 

%- 
0
 

II 
E
 
a
 

II 
E

 
m

 

A 
n

 
‘k
 
I
 

3
 

m
 

Q
) 

c., 

m
 

a k 1 
A II II 

I 
0
0
 

k
 

e 
m

 
9

 
8 cd 
m

 
a, 
6
 

J
 

P
4 

0
 

0
 

P
4 

c m
 

4
: c) 

0
 

u
 

4
 

c 
4
 

cd 
m

 
.
d
 



m 0
 

cn a> 
E 
.- c
 

E 
-
 

n
 

‘k
 

J
 

c1 

8- 

3
 

.1
 

m 
Z
 



1- s 'U!JP 
IC

 0
 L ... 

L
 

+ + + 
t
 

+ 

h
 

-
7
 

-
0

 

CD 

-
7
 

-
0

 

0
 

P
 .. 

m
 

-
r
 

-
0

 

d
 

-
7
 

-
0

 

Im
 



P
 

n
 

n
 

P
 

I 

<G- 
P

 
-1 

F
4

 

I 
n

 
P

 
I ‘k
 
I
 

N
 ‘k
 

J
 

<
$
 

I I 

n
 

P
 

‘k
 

J
 

G3 I 
n

 
‘k
 
I
 

n
 

I 
n

 
P

 

‘k
 

J
 

n
 

-1 
N
 

I I 

n
 

P
 

‘k
 

J
 

tn 
a, 

c 
-
4

 
c
,
 

tn 
Q

) 
a, 
4
 

cd 
c
)
 

tn 
G
 

cd 
E 
+

 
cd 

n
 

m
 

m
 

v-4
 

w
 a, 

4
 

I I g- I 

n
 

P
 

‘k
 
I
 

2 c 
-+

 
c
,
 

J
 

-
 m 

d
 

Q
) 

+
 

c
,
 
I
 

0
 

E 
cd 
0

 
c/3 

3
 0 0
 

24 
c/) 

cd 
m

 
‘k
 
I
 

n
 

2 
41 
c
)
 

0
 

c
)
 

+
 

c 
.+ 
c
,
 

‘c
j 
u
 

n
 

‘k
 

J
 

‘cd 
c
)
 

n
 

‘k
 
I
 

a, 
b
l) 

a, 
2 

.. 
.- 

Y
 

a, 
c
)
 

c
)
 

a
 

-
4

 
c
,
 

2 
Td 

I- 
a, 

s- 
i?

?
 

a
 

tn 
tn 
Q

) 
d

 
+ I 

n
 

P
 

‘k
 

J
 

+ I 

n
 

P
 

‘k
 

J
 

a, 

0
 

G
 

tn 
.
4

 

c 0
 

F4 

E 
m 
m

 
G
 

0
 

.
d

 
c., 
.
d

 

cd 0
 

a, 
?
 

cd 

c
,
 

.
A

 
c
,
 

m
 

0
0
 

4
 

I 

+
 

II 
n

 
‘c

u
 

J
 

II 
n
 

‘k
 

J
 

m
 

9
 

e4 
0
 

0
 

e4 

c %
 



KPW Algorithm 

Clock q’s assumed to be known 

1. Initialize the Kalman filter with state estimates and error 
covariances. 

2. Run the Kalman filter on the clock difference 
measurements. 

3. Throw out the Kalman phase estimates. 

4. Use the Kalman frequency and drift estimates in the 
BTSE, with weights inversely proportional to the white 
FM noise variances. 

The Kalman filter runs independently of the time scale. 
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Conclusions 
Jones-Tryon Kalman filter estimates phase states poorly ==> TA(N1ST) 
is noisy in short terrn. But the filter estimates frequency and drift states 
well. 

KPW scale uses only the frequency and drift state estimates. It works 
well with 3-state clocks in simulation playpen. Observed to be quieter 
than any component clock at all averaging times, except for extreme 
ensembles. 

Possible foundation of practical real-time time scale; needs practical 
add-ons: 
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Add 

Ensemble changes 

Outliers, jumps in phase and frequency 

Adaptive estimation of q’s 

Steering 

white PM and measurement noise 
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