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Time scalesTime scales
Demanding applications

Time keeping Satellite navigation systems

Telecomunications systems Fundamental Physics



The BIPM UTC time scaleThe BIPM UTC time scale
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TAI/UTC ALGOS (algorithm for calculation)

Time and frequency differences

Clock data Time transferdata

EAL
•Optimized frequency stability

•No constrained to be accurate in 
frequency

PFS data
Frequency 
corrections

+
corrections

•Optimized frequency stability
TAI + (-n x s) UTC

Optimized frequency stability

•Accurate in frequency

IERS leap second 
announcementsannouncements



BIPM UTC time scale facts

• 56 participating laboratories
• Around 260 atomic cloks envolved• Around 260 atomic cloks envolved 
• 10 primary frequency standards (5 Cs)
• Stablility: 0.6 x 10-15 (de 20 a 40 días)y ( )
• Uncertainty < 3 x 10-15



The SIM region
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¿How to define a time scale in terms 
of a set (ensamble) of clocks?( )



Averaged time scale concept
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Mathematical model for a clock

[ ] [ ]

Mathematical model for a clock

Frequency output of a clock: [ ] [ ])(2sin)()( 00 tttVtV φπυε ++=

Noise

Where

)(tε 1)(
0

<<
V

tε

)(
2
1)( 0 t

dt
dt φ

π
υυ +=

1)(
2

1
0

<<t
dt
d φ

πυ



Mathematical model for a clockMathematical model for a clock
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Mathematical model for a clock

F di ti

Mathematical model for a clock
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Mathematical model for a time scaleMathematical model for a time scale

1 clock case

If h(t) is the reading of a clock at the time t then the most 
simple time scale TA can be defined by the relation

)()( thtTA =

0)()( thtTA 0)()( =− thtTA



Mathematical model for a time scale

2 clocks case

Mathematical model for a time scale
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Mathematical model for a time scale

N clocks case

Mathematical model for a time scale
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Mathematical model for a time scale

N clocks with different weights

Mathematical model for a time scale

∑=
N

thtTA )(1)( ω 0)(1)( =∑
N

thtTA ω∑
=

=
i

ii th
N

tTA
1

)()( ω 0)()(
1

=− ∑
=i

ii th
N

tTA ω

[ ] 0)()( =∑
N

thtTAω [ ] 0)()(
1

=−∑
=i

ii thtTAω

With the restriction

1=∑
N

iω
1
∑
=i

i



Mathematical model for a time scaleMathematical model for a time scale

N clocks with different weights
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Mathematical model for a time scale
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Mathematical model for a time scale
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Mathematical model for a time scale
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Only time difference between clocks is an physical observable

)()()( ththtx −= Time difference between clock j and clock i)()()( ththtx ijij −= Time difference between clock j and clock i

Clock k and TA time scale difference is given by the relation:
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Mathematical model for a time scale
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Mathematical model for a time scale
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Experimental set upExperimental set up
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Experimental set upExperimental set up
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Experimental set upExperimental set up

Reloj NReloj 3Reloj 2Reloj 1Reloj Maestro
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Experimental set up to transform a virtual TA time scale into a real TA time scaleExperimental set up to transform a virtual TA time scale into a real TA time scale



Esquema completo de generación del UTC(CNM) 

PFS 1

PS
 C

V 
lin

k

Clock NClock 3 Clock 2Clock 1Master 
Clock

MPS

w w2
w3 w

PFS 2

BIPM

G

UTC(CNM)

w0
w1

2 wN

w=0

TA Servo



Stablishment of the SIM time scale

Outline

1 Motivation1. Motivation

2. Time scales

3 Th SIM ti d f i t k3. The SIM time and frequency comparison network

4. Preliminary results

5. Conclusions



Técnica de COMMON-VIEWTIME AND FREQUENCY METROLOGY WORKING GROUP
Working to support time and frequency metrology throughout the Americas

GPS-B receiver

Clock B

GPS A i

∆tB= tB – tGPS ± εB

Clock A
GPS-A receiver
∆tA= tA – tGPS ± εA

∆ ∆ ∆ ( ) ( ) ± ( )Common agenda to “view” GPS satellites∆tBA = ∆tB - ∆tA =(tB-tGPS + εB) – (tA – tGPS + εA) = tB - tA ± (εB + εA)



TIME AND FREQUENCY METROLOGY WORKING GROUP
Working to support time and frequency metrology throughout the Americas

NRCNRCNRCNRC

NISTNIST

CENAMCENAM

CENAMEPCENAMEP
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A d 30 C l k t SIM- Around 30 Cs clocks at SIM 
(without the USNO)

- 10 Hydrogen Masers at SIM 
(without the USNO)

-12 SIM laboratories 
participating on the SIM TFparticipating on the SIM TF 
Network (Paraguay, Uruguay 
the latest)

- INDECOPI (Peru) will be 
hopefylly added soon to the 
SIM TF NetworkSIM TF Network

- Probably two or three more 
labs during 2009labs during 2009





Obtaining traceability to the second of the SI though the SIM TF network

BIPM

SIM-time scale
GPS links and TWSTFT

NRC NIST CENAM ONRJ CNMP

ICE Cs400

SIM T&F Network & SIM GPS receiver

Reference standard

Time T&F Transfer standardsTime 
server

T&F 
equip.

Transfer standards

USERS Cal. 
services

ServicesIn progress



TIME AND FREQUENCY METROLOGY WORKING GROUP
Working to support time and frequency metrology throughout the Americas

SIM GPS system

- Multichannel (8) GPS receiver

- SIM receiver sends data
automatically to the SIM server
every 10 minutes

i l d SIM’ f- includes SIM’s own software
(developed by NIST)

- Includes a PC. It is able to show
common view results in near real
time among participating
l b ilaboratories



TIME AND FREQUENCY METROLOGY WORKING GROUP
Working to support time and frequency metrology throughout the Americas

SIM GPS antenna

Novatel antenna

Rejects multiple reflections of the 
GPS i lGPS signal



http://tf.nist.gov/sim/



TIME AND FREQUENCY METROLOGY WORKING GROUP
Working to support time and frequency metrology throughout the Americas

SIM Time and Frequency comparison network



TIME AND FREQUENCY METROLOGY WORKING GROUP
Working to support time and frequency metrology throughout the Americas

Comparison between NIST and CENAMComparison between NIST and CENAM



TIME AND FREQUENCY METROLOGY WORKING GROUP
Working to support time and frequency metrology throughout the Americas

Comparison between NIST and CENAMComparison between NIST and CENAM
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TIME AND FREQUENCY METROLOGY WORKING GROUP
Working to support time and frequency metrology throughout the Americas

Summary of uncertainties (in nanoseconds) for 
all six comparisons (March-April 2006)

CNM − CNMP NIST − CNM CNM − NRC NIST − CNMP NRC − CNMP NIST − NRC

Baseline (km) 2544.0 2198.9 3520.7 4194.9 3989.0 2471.3
Mean Freq. Offset −6.7 × 10-14 −2.8 × 10-15 −4.8 × 10-15 −7.0 × 10-14 −6.3 × 10-14 −7.7 × 10-15

M Ti Off t 4690 4 10 3 11 0 4680 7 4702 8 21 2Mean Time Offset −4690.4 +10.3 +11.0 −4680.7 −4702.8 +21.2

UA, σx(τ) 1.8 1.2 1.4 1.5 1.5 1
UB, Calibration 4 4 4 4 4 4
UB, Coordinates 3 3 3 3 3 3
UB, Environment 3 3 3 3 3 3

U M lti th 2 2 2 2 2 2UB, Multipath 2 2 2 2 2 2
UB, Ionosphere 2 1.5 2.5 3 3 1.5
UB, Ref. delay 0.5 0.5 0.5 0.5 0.5 0.5
U Resolution 0 05 0 05 0 05 0 05 0 05 0 05UB, Resolution 0.05 0.05 0.05 0.05 0.05 0.05

UC, k = 2 13.5 13.1 13.5 14.0 14.0 12.9
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SIM Time and Frequency comparison network and SIM-time 
l tiscale generation
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SIM-time scale generation: Preliminary results



SIM-time scale generation: Preliminary results



SIM-time scale generation: Preliminary results



SIM-time scale: first time scale in the world generated with the 
t ib ti f l ti i l ticontribution of several nations in real time

SIM-time
Expected perfromance

UTC
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Conclusions

1. The SIM Time and frequency comparison network has currently 11 
SIM laboratories under continuous comparison in real time

2. CENAM has developed a time scale algorithm and generating a 
averaged time scale since march 2008. Results are in agreement 
with the expected performance

3. The SIM time scale algorithm will be tested by first time in January 
2009 using real time data from the SIM time and frequency network

4. The SIM time scale will be the first time scale in the world 
generated in real time with the contribution of several nations

5. SIM probably will run 3 copies of the SIM time scale: NRC, NIST 
and CENAM
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