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1. Background

ü The standard GNSS time 
transfer technique was first 
used in 1984. 

ü GPS CV time transfer has 
been used by BIPM , in 
order to generate the 
International Atomic 
Time(TAI)



1. Background
“GGTTS” : the Group on GPS Time Transfer Standards 
ØGGTTS -V01 standard applies for GPS.
ØCGGTTS -V02 standard applies for GPS + 

GLONASS
ØCGGTTS –V2E standard applies for

GPS + GLONASS+Galileo+BeiDou+QZSS

G-GPS  R-GLONASS E-Galileo C-BeiDou J-QZSS
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2. Principle of GNSS CV Time Transfer

ØConnect the local clock (or 

UTC(k)) to a GNSS receiver,receive 

the navigation satellites signal,use 

the pseudorange measurements, 

obtain the time difference between 

the local clock and GNSS time scale. 

ØMeasure  time difference between 

the clocks or the two UTC(k).
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2. Principle of GNSS CV Time Transfer
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3. Results and Analysis
We develop a single-mode and multi-mode GNSS CV time 
transfer test (Eu-Asia).
The purposes of the test:
ü Study how to use the CGGTTS –V2E standard in GNSS CV 

time transfer, during the new standard are applied in BIPM for 
calculating TAI.

ü Clarify the different precision between single-mode and multi-
mode GNSS CV time transfer.

ü Support the test for multi-mode GNSS CV time transfer. 

The type of receivers: Septentrio PolaRx 4TR(ORB) 
Septentrio PolaRx 5TR(SP、NTSC) 9
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)

The results of UTC(NTSC)-UTC(SP) by GPS CV
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SP: Swedish National Testing and Research Institute, Sweden
NTSC: National Time Service Center of China, P.R.China
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The results of UTC(NTSC)-UTC(SP) by GLONASS CV

3. Results and Analysis
(Date:2017.09.24—2017.10.23)
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The results of UTC(NTSC)-UTC(SP) by GALILEO CV
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UTC(NTSC)-UTC(SP) GPS GLONASS GALILEO BDS
RMS(ns) 1.79 2.04 1.83 1.89

3. Results and Analysis
(Date:2017.09.24—2017.10.23)
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)

The results of UTC(NTSC)-UTC(SP) by GPS and BDS CV
---Weighted average alogrithm
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)

The results of UTC(NTSC)-UTC(SP) by GLONASS and BDS CV
---Weighted average alogrithm
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The results of UTC(NTSC)-UTC(SP) by GALILEO and BDS CV
---Weighted average alogrithm

3. Results and Analysis
(Date:2017.09.24—2017.10.23)



3. Results and Analysis
(Date:2017.09.24—2017.10.23)
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The results of UTC(NTSC)-UTC(SP) by GPS ,GLONASS ,GALILEO and BDS CV
---Weighted average alogrithm
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)

UTC(NTSC)-
UTC(SP)

GPS GLONASS GALILEO BDS

RMS(ns) 1.79 2.04 1.83 1.89
UTC(NTSC)-

UTC(SP)
GPS+
BDS

GLONASS
+BDS

GALILEO
+BDS

GPS+GLONASS
+GALILEO+BDS

RMS(ns) 1.71 1.85 1.75 1.69

NTSC-SP:



3. Results and Analysis
(Date:2017.09.24—2017.10.23)

The comparative results by single-mode and multi-mode system
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)
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The comparative results by single-mode and multi-mode system
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)
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The results of UTC(NTSC)-UTC(ORB) by GPS CV

ORB: Observatoire Royal de Belgique, Belgium
NTSC: National Time Service Center of China, P.R.China
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The results of UTC(NTSC)-UTC(ORB) by GLONASS CV

3. Results and Analysis
(Date:2017.09.24—2017.10.23)
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The results of UTC(NTSC)-UTC(ORB) by GALILEO CV

3. Results and Analysis
(Date:2017.09.24—2017.10.23)
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)

The results of UTC(NTSC)-UTC(ORB) by GPS and BDS CV
---Weighted average alogrithm
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)

The results of UTC(NTSC)-UTC(ORB) by GLONASS and BDS CV
---Weighted average alogrithm
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)

The results of UTC(NTSC)-UTC(ORB) by GALILEO and BDS CV
---Weighted average alogrithm



3. Results and Analysis
(Date:2017.09.24—2017.10.23)
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The results of UTC(NTSC)-UTC(ORB) by GPS ,GLONASS ,GALILEO and BDS CV
---Weighted average alogrithm



UTC(NTSC)-
UTC(ORB)

GPS GLONASS GALILEO BDS

RMS(ns) 1.75 2.15 1.70 2.02
UTC(NTSC)-
UTC(ORB)

GPS+
BDS

GLONASS
+BDS

GALILEO
+BDS

GPS+GLONASS
+GALILEO+BDS

RMS(ns) 1.83 1.95 1.81 1.76
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)

NTSC-ORB:



3. Results and Analysis
(Date:2017.09.24—2017.10.23)
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The comparative results by single-mode and multi-mode system
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3. Results and Analysis
(Date:2017.09.24—2017.10.23)

The comparative results by single-mode and multi-mode system



3. Results and Analysis
(Date:2017.10.22)

Tau(s) BD PPP GPS PPP
300 5.60E-14 5.89E-14
600 3.85E-14 4.03E-14
1200 2.99E-14 2.34E-14
2400 1.99E-14 1.85E-14
4800 1.99E-14 1.89E-14
9600 1.85E-14 1.53E-14

ü NTSC-TL : base line about 1600km

ü The precise satellite orbit and clock

products from IGS Multi-GNSS

Experiment(MGEX) network, GFZ

analysis center.

The comparative results of UTC(NTSC)-UTC(TL) by BDS PPP and GPS PPP 32
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4. Summary

• All the 4 GNSS systems can be used for high-precision long
base line time transfer.

• The GNSS CV results based on multi-mode GNSS system is
more reliable. Research on the new weighting algorithm for
multi-system time transfer is ongoing.

• From the results of Galileo CV and GPS CV, the performance
of satellite clocks is also one of the key factors that affect the
accuracy of time transfer. (to be studied).

• BDS is being constructed, the precision of time transfer based
on BDS will be improved step by step in the future.




