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Warsaw 

Introduction 1/2 

Central Office of  Measures (GUM – polish: Główny Urząd Miar) is a 

National Metrology Institute responsible for the highest level of  

measurement traceability in the most metrology domains in Poland. 

Established in 1919.  
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Warsaw 

Kraków 

Borowiec 

Torun 

Poznan  

Zielona Góra 

Introduction 2/2 

(Time and Frequency community in Poland) 

• A good environment to 

discuss new ideas, 

improvement methods, ... 

- atomic clocks compared 

against UTC(PL) and 

participating in TAI and UTC 

CCTF Member  

UTC(AOS) UTC(PL) 

Sr lattice clocks  

• A wide  area of  cooperation 

of  Central Office of  

Measures within time and 

frequency community in 

Poland (according to formal 

and financial capabilities) 

• Regular meetings 

(once or twice a 

year) 

• Common projects 

and/or working 

cooperation/ 

consultation 



4 

12

14

12
13

14 14
15

12

Number of Polish clocks contributing in TAI and UTC

2008 r.

2009 r.

2010 r.

2011 r.

2012 r.

2013 r.

2014 r.

2015 r.

A wide contribution of  the Polish clocks in TAI 

/ UTC 

This requires GUM to analyse measurement data, recognize any 
abnormal behaviour and regulary determine differences between 

clocks and UTC(PL) 
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The Polish independent atomic timescale TA(PL) 

... 

AOS  
 SRC PAS 

 )(UTC(PL) xClock

GUM  

 )(TA(PL) xClock

TA(PL) 

TA(PL) 

TA(PL) 

computed 

scale 

contributing 

clocks 

CONTINUOUS 

COMPARISONS 

10-13 

10-14 

10-15 

103 104 105 106 

Published in Circular T since 2001 
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Main T&F activities at Central Office of  

Measures 

2. Precise time and frequency transfer over 
optical fiber links 

1. T&F national standard, UTC(PL), TA(PL) and 
coordination in-country comparison within 
participation of  PL in TAI and UTC 

3. GNSS time transfer system performance 
monitoring 

4. Analysis of  precise time interval 
measurements performed with Time Interval 
Counters 

Active participation in the activities of  TCTF EURAMET - 

sharing the knowledge and experience  
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2. Precise time and frequency 
transfer over optical fiber links 
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Avaliable optical fiber connections - locally 

D
is

ta
n

c
e

 o
f 7

 k
m

  
/ 1

9
 k

m
 o

f o
p

tic
a

l fib
e

r  
/ 1

0
 d

B
 

WARSAW metropolitan area 
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Long distance optical fiber connection:  

GUM-AOS 

AOS GUM 

270 km – the distance in a straight line 

420 km – the distance along optical fiber 

120 dB – attenuation (6 amplifiers)  

300 ns – annual variations of  optical fiber delay 

1700 ps/nm – accumulated chromatic dispersion 

UTC(PL) UTC(AOS) 
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   
2

)()( BAAB DlyDlyBTICATIC
BClockAClock  



„simultaneous” measuerements  

and exchange measurement data TIC(A) TIC(B) 

Applied methods: standard Two-Way Method 

ns6.0calU
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Electronic Variable 
Delay Lines 

Optical fiber subject 
to change Delay 

DBDF  

BF  

Stabilised 
propagation  

Delay 

F + F 

B + B 

Applied methods: stabilization of  propagation 
delay 

Possible calibration during 
operation of  the link 

0 BDBFDF 
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Calibration of  the link: calibration avaliable „on 
request” 

3 – times there occured planned intentionaly 
small changes of  the optical fiber connection 

8 – times there occured unexpected braeking of  
optical fiber connection (need to weld breaks) 

During 3½ years of  operation of  the link GUM-AOS: 

  HBFIBFFIBREFINRETREFOUTIN 
2

1

2

1

2

1
__  
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Examplary uncertainty budget of  calibration of  

the link GUM-AOS 

For TIC with u = 10 ps, it is possible to 
obtain uncertainty of  calibration of  16 

ps. 
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The short-term stability of  the PPP and fiber link are 

practically the same, but ... 

plaosTDEV

fiberpppTDEVPPP 
fiber 

L1C 

plaosTDEV2
)(1TDEV plaosCL 

Stability of  measurements UTC(AOS)-
UTC(PL) 

(PPP, fiber link, L1C and a difference: PPP-fiber)  

PPP-fiber 
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56000 56100 56200 56300 56400 56500 56600 56700
-2

-1

0

1

2
ns

MJD

Observed differences between the methods

link GUM-AOSfiber - GPS PPP

56000 56100 56200 56300 56400 56500 56600 56700
-2

-1

0

1

2
ns

MJD

Observed differences between the methods

link GUM-AOSfiber - GPS CA L1C

Results of  measurements UTC(AOS)-UTC(PL) 
(differences: fiber-L1C and fiber-ppp)  

... the observed differences fluctuate within c. ±1.5 ns. 
Imperfections of  calculations or other effect? 

±1.5 ns 

±1.5 ns 
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Measurements with BIPM calibrator at optical 

fiber link GUM-AOS 

UTCp(PL) Transceiver 
AOS 

Transceiver 
GUM 

TTS4141(AOS) 

TTS4112 (PL) 

StdBIPM(GUM) 

56496-502 

StdBIPM(AOS) 

56503-509 

moved to 

on 56502 

2 046 196.23 ns ± 0.06 ns (1-) 

BIPM calibrator 
at AOS 

BIPM calibrator 
at GUM 

All measurements with UTC(PL) as a reference 
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2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
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BIPM calibrator at GUM (MJD 56497-502) 

BIPM calibrator at AOS (MJD 56505-509) + 5.387 ns (1pps splitter) 

2 046 195.37 ns ± 0.67 ns 2 046 196.23 ns ± 0.06 ns 

PPP – OF = -0.86 ns ± 0.67 ns 

PPP results:  BIPM -TTS4 sn.112 GUM 

measurements referred to the TTS4 sn.112 at GUM 

measurements referred to the TTS4 sn.112 at GUM 

CCDGUM-GUM 

CCDAOS-GUM 
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BIPM calibrator at AOS (MJD 56505-509) + 5.387 ns (1pps splitter) 

2 046 196.23 ns ± 0.06 ns 2 046 195.96 ns ± 0.67 ns 

PPP – OF = -0.27 ns ± 0.67 ns 

measurements referred to the TTS4 sn.141 at AOS 

measurements referred to the TTS4 sn.141 at AOS 

PPP results:  BIPM -TTS4 sn.141 AOS 

CCDGUM-AOS 

CCDAOS-AOS 
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3. GNSS time transfer system 
performance monitoring 
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Own earlier works at GUM and ... works within 
the 1152 Project 

 

... to monitor a difference between two 

or more GNSS receivers located at the 

same Lab and steered with the same 

Ref  1 pps signal ... 

TARGET 

 
BEV (Austria) 

ÙFE/IPE (Czech Republik) 

PTB (Germany) 

SP (Sweden) 

GUM (Poland), 

 ... 

PARTICIPANTS 

Started in 2010 
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-{UTC(PL) - Sat ##}
TTS-2_rez

ns

MJD

L1C

TTS-2 - TTS-2

24.12.2012 r. 31.12.2012 r. 

weekends and holidays 

GPS CV - code CA L1C: GUM 
TTS-2 – TTS-2 

single working days 
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2. removal of dirty inside the 
receiver (corroded sponge 
flooded electronic inside 

receiver) 

1. the change of 
localization of GPS 

receiver and 
antenna cable 

(further away from 
the monitor) 

GPS CV - code CA L1C: GUM 
TTS-2 – TTS-2 
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ionospheric 
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lack of conformity 
of ionosperic 

models 

results without 
modelled 
ionospheric 
corrections (no 
MDIO) 

TTS-2 – TTS-4 

GPS CV - code CA L1C: GUM 
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a smooth change 



26 

56868.0 56868.5 56869.0 56869.5 56870.0 56870.5 56871.0
-40

-30

-20

-10

0

10

20

30

40

R
e
c
e
iv

e
r_

1
 -

 R
e
c
e
iv

e
r_

2

PTBns

MJD

L1CAOS - xxx (PT07 GTR50 / PT05 TTS-3)

GTR50 TTS-3

GPS CV – L1C: PTB 
GTR50 – TTS-3 

Some operation was done at GTR50 
and caused a jump? 

(the same is observed for L3P) 

a jump (≈ 3 ns) 

Measurments results around the change 
(referred to an external timescale: here to UTC(AOS)) 
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4. Analysis of  precise time interval 
measurements performed with Time 

Interval Counters 

with the help of  A7-MX and ... 

... a dual channel frequency distributor/divider 
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Measured continuously changed time interval – 

TDEV for TIC - A7-MX 

(time interval measurements) 

- (frequency phase measurements) 

CNT-81- A7-MX 

SR620 - A7-MX 

T4100U - A7-MX 

CNT-81 

SR620 
T4100U 
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Measurement of  the constant time interval – 

T4100U  
15 ps 
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Measured constant time interval – TDEV 

SR620, CNT81, T4100U  

(frequency phase measurements) 

A7-MX 

(time interval measurements) 

CNT-81 

SR620 

T4100U 
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Active participation in the activities 
of  TCTF EURAMET - sharing the 

knowledge and experience 
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1152 Project – GNSS Receiver performance 
monitoring 
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1288 Project – Time interval comparison Pilot 
Study 
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Reqiured: 
Ext. 10 MHz input 

1 pps outputs 

Auxiliary 

display 

Electronic based Time Interval generator  

(PLL loops and programmable logic and counters) 

127 different Time Intervals 
between 1 pps outputs  
(from about:    20 ns to 12 μs) 

Precise matching of  
1 pps outputs = close 
the same shape of 
output signals 

Rising slope: 
< 0.5 ns/V 

Construction and characterisation of   
TI-generator (together with AGH) 

SMA connectors 
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TDev of  output TI measurements 

White noise of TIC 

< 1 ps 
(quasi long-term stability) 

10 ps 

1 ps 

0.1 ps 



40 

Examplary continuous measurements of  
output signals 

0 500 1000 1500 2000 2500 3000
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0 500 1000 1500 2000 2500 3000
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35

40
Ambient temperatureoC

No of series of meas.

Raw measurement 

data - no 

correction for 

differential cables 

and channels 

delays 

13 ps 
(peak-to-peak) 

No significant 

influence of 

temperature 

TI ≈ 20 ns 
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