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Assessment of IGS ultra-rapid products for near real-time steering of UTC time scale in Singapore  
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A B S T R A C T   

Global Positioning System (GPS)-based frequency and time transfer has been studied for a long period of time 
and it has been proved to achieve precise results by successfully implementing Precise Point Positioning (PPP) 
algorithm. Accurate satellite clock and orbit information play critical role in achieving sub-nanosecond (ns) 
accuracy level when implementing PPP for time and frequency transfer. Different satellite orbit and clock 
products are made available by International GNSS System (IGS). One of the important characteristics of these 
products is their latency. Choice of a product with lower latency can help to realize a near-real time system, 
which is in demand especially in financial sectors which require fast and accurate time synchronization. This 
paper compares different IGS products and proposes the suitability of Ultra-Rapid products to locally steer the 
UTC time scale in near real-time fashion.   

1. Introduction 

Synchronization of time plays an important role in various day-to- 
day activities in our lives. Accurate timing information is required in 
maintaining a stable communication system, in synchronizing financial 
networks and also in power grids [1]. More critical applications include 
financial time stamping, data encryption and security. It is also essential 
in realization of the Coordinated Universal Time (UTC). The Bureau of 
Weights and Measurements (BIPM) in France consolidates the clock 
information from different time laboratories and maintains the UTC 
time scale. Hence, the accuracy in time comparison process of each lab 
becomes critical for the maintenance of UTC and its dissemination. To 
realize an accurate and stable time transfer and frequency comparison 
results, timing laboratories need to calibrate and evaluate the time 
transfer systems periodically [2]. 

Different methods of time synchronization have been studied over 
past few decades. The selection between these methods depends on re-
quirements like accuracy, cost and feasibility. Some techniques like two- 
way satellite time and frequency transfer (TWSTFT) and Optical two- 
way time-frequency transfer (OTWTFT) [3,4] have good accuracy but 
are expensive solutions. Performance of OTWTFT decreases with in-
crease in the baseline length and also can be affected by mechanical 
disturbances like motion. To overcome such short-comings, Global 
Positioning System (GPS) based frequency and time transfer technique is 
being used widely [5]. GPS based technique is especially cost-effective 
as it neither needs to establish a two-way communication link through 
a geostationary satellite (which requires a rental fee) nor it needs a 
physical medium like optical fiber. Till date, GPS based time and fre-
quency transfer method has made a great progress. Moreover, with 
increasing satellite constellations like GLONASS, QZSS, Beidou, etc., the 
paradigm is shifting towards Global Navigation System Satellite (GNSS) 
based frequency and time transfer [7]. 

GPS frequency and time transfer can be broadly classified into two 

groups based on whether Pseudorange or Carrier-phase is used for the 
processing. Common View (CV) methods and All-in View (AV) methods 
use pseudorange measurements [7,8]. These pseudorange based 
methods are easy to implement however their time transfer accuracy can 
reach only 1 ns at most. The carrier phase-based solution can signifi-
cantly improve the time transfer accuracy by two orders of magnitude 
[1]. Precise Point Positioning (PPP) is a zero differenced carrier 
phase-based solution that is used widely by many time laboratories for 
remote calibration of their atomic clocks and for time and frequency 
transfer applications [9,10]. 

The PPP technique is accurate, flexible and convenient to implement 
[6]. To obtain and maintain such high accuracy, very precise satellite 
clock and orbit information are required [11]. International GNSS Sys-
tem (IGS) is one of the sources for obtaining precise satellite clock and 
orbit products. There are different products that are available in IGS, 
each of which have their own latency, frequency of availability, and 
satellite clock offset sampling time [12]. Few of these products like Ul-
tra-Rapid products are available with very less latency of 3 hours 
whereas products like Final products have a very high latency of up to 13 
days. The selection of these IGS products determines how often and how 
accurately the time and frequency transfer can be implemented. 

In this paper, we explore these different IGS satellite orbit and clock 
products and study their suitability for establishing a near real-time 
frequency and time transfer method, which is very significant espe-
cially in today’s fast-changing financial markets, where there is a high 
demand of near-real time monitoring and realization of a local time 
scale. Also, the benefits of using data with lower latency and higher 
resolution become important in highly demanded seamless and efficient 
municipal services in Singapore, which are driven by smart nation ini-
tiatives. One of the critical requirements is the time continuity which 
promotes us to build up a Business Continuity (BC) site to provide 
continuous time services. Near real-time time transfer from our main 
laboratory to the BC is of utmost importance. 
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2. Database & data processing 

2.1. IGS products 

For this paper, GPS PPP processing will be done for three different 
IGS satellite clock and orbit products: Final, Rapid and Ultra-Rapid. The 
receiver clock bias will then be determined for each product. This sec-
tion will briefly describe about these different IGS clock products. 

The satellite clock and orbit solutions are stored in CDDIS (Crustal 
Dynamics Data Information System) from IGS analysis centres. These 
information are provided on a pre-determined schedule, depending 
upon the data products. The Final product is the most consistent product 
with the highest quality solutions. It is a daily solution which is updated 
in every 13 days. The Rapid solution is also a daily solution, but it is 
updated in every 17 hours. The Ultra-Rapid solution is a 6-hourly solu-
tion, which uses both predicted and observed satellite orbits and which 
is updated most frequently that is in every 3 hours. The Ultra-Rapid 
solution looks useful for real-time and near real-time applications 
[13]. These information are summarized in Table 1 below. 

The IGS satellite clock and orbit products are obtained from CDDIS 
website [13]. Clock products with a time duration of 15 days, corre-
sponding to the Modified Julian Day (MJD) from 59200 to 59214 
[17-Dec-2020 to 31-Dec-2020], are used for this paper. 

2.2. GPS database 

Receiver independent exchange (RINEX) files for a GPS station 
located at Singapore are used for the PPP processing. Table 2 shows 
details about the GPS station. This station is maintained by National 
Metrology Centre (NMC), Singapore. We use GPS Inferred Positioning 
System (GIPSY-X) software to process the RINEX observation files. 

GIPSY-X is run in PPP mode to determine the receiver position and 
receiver clock bias information. For the PPP processing, the satellite 
orbit and clock information from CDDIS website were used. Receiver 
related information like receiver antenna type and receiver position 
were obtained from the RINEX observation file. Ionospheric free second 
order combination equation was used, and Global mapping function 
(GMF) was used for tropospheric parameter estimation. The wet delay 
and gradient parameters were estimated as random walk at each epoch. 
Ocean loading coefficients were also considered and an elevation cut-off 
mask of 7◦ was used. The calculated clock bias (time difference) has a 
resolution of 5 mins. 

The RINEX observation files for the same period (15 days) of MJD 
59200 to 59214 are used in the PPP processing. The PPP processing is 
independently run for three times for the above-mentioned three 
different IGS satellite clock and orbit products (Final, Rapid and Ultra- 
Rapid) without changing other parameters. 

2.3. Methodology 

The GPS receiver clock bias calculated for a local GPS station ‘k’ 
using the GIPSY-X PPP processing is with respect to GPS satellite timing 
(GPST). The clock bias can be expressed as [PPP UTC (k) – GPST], when 
the GPS receiver clock is referenced to a local realization of UTC, i.e., 
UTC (k). Our objective here is to get the difference between UTC and 
PPP UTC(k) determined by the GPS PPP technique. This difference is 
calculated by taking {[UTC – GPST] – [PPP UTC(k) – GPST]}. Here, 
[UTC – GPST] is obtained from the database available at the BIPM 

website [14]. 
This process is followed for Singapore station and [UTC – PPP UTC 

(SG)] (for Singapore station, k→SG) is calculated for three different 
satellite orbit and clock products (Final, Rapid and Ultra-Rapid). These 
results are then compared to the information published by BIPM. BIPM 
publishes the UTC data in regular intervals via Circular T and rapid so-
lution of UTC named as UTCr. The Circular T is published every 5 days 
and UTCr is published every Julian day. The PPP results are compared to 
both the Circular T and UTCr results for the same period of time. 

3. Results & discussions 

3.1. Time series of BIPM and PPP-processed data 

The time difference [UTC – PPP UTC(SG)], calculated using three 
different satellite clock and orbit products are plotted in Fig. 1(a). The 
time difference results processed using Final product, Rapid product and 
Ultra-Rapid product are denoted by [UTC – PPP UTC(SG)-Final], [UTC – 
PPP UTC(SG)-Rapid] and [UTC – PPP UTC(SG)-Ultra] and are plotted in 
blue circles, red dots and green dots respectively. All three solutions 
have a resolution of 5 mins. 

It can be observed from Fig. 1(a) that the three solutions have similar 
trend and very less differences in their absolute magnitude values. It can 
be noted that there are some missing results from MJD 59208–59209 for 
the solutions using Final products and from MJD 59206–59209 for the 
solutions using Rapid products. Sometimes, the IGS satellite orbit and 
clock products have some missing information which can cause such 
missing processing results. There are no missing solutions for Ultra-Rapid 
products in the chosen MJD range. 

Here, BIPM published data [UTC – UTC(SG)] from Circular T and 
[UTCr – UTC(SG)] from rapid solution of UTC are also plotted in Fig. 1 
(a) in black triangles and in cyan circles respectively. Data density for 
GIPSY-X PPP processed results are comparatively higher as the resolu-
tion of data from Circular T and UTCr is lower which is 5 days and every 
Julian day respectively. 

Fig. 1(a) shows that the PPP processed solutions using either of the 
satellite clock products follow the UTCr results in a reasonable way. The 
5-min PPP data are consistent, and it also follows the trend well. In Fig. 1 
(b) the PPP results are averaged for every Julian day for a fair com-
parison with BIPM published results. The matching trend can be clearly 
observed form Fig. 1(b). 

In the considered MJD range of 15 days, only two data points for 
circular-T are available. Both Fig. 1(a) and (b) show that the UTC data 
from circular T has higher differences from PPP processed results and 
UTCr data. Its trend however seems consistent with the other two 
datasets. Longer period of data range can be considered for more in- 
depth analysis of trend with respect to the circular-T data. 

3.2. Differences plot 

Fig. 2 shows the differences in magnitude between the PPP processed 
results using the three products and UTCr data. For this purpose, the 
daily averaged PPP processed data are used. The differences plot for the 
period of time under study shows that all three products have similar 
differences with respect to the BIPM published UTCr data. The differ-
ences are within 5 ns range. Such differences could be caused by the 
difference in PPP processing software; BIPM uses NRCan software for 
PPP processing and we are using GIPSY-X software in this paper. 

Table 1 
Latency and update interval for different IGS satellite orbit and clock products.  

IGS Products Latency Solution 

Ultra-Rapid 3 hours 6-hourly 
Rapid 17 hours daily 
Final 13 days daily  

Table 2 
Details of the GPS station used in this study.  

GPS Station Location [Lat, Lon, 
H] 

Receiver Clock Date Range 
(MJD) 

SG 
(Singapore) 

1.32◦ , 103.67◦, 
21.73 m 

External H-maser, 
UTC(SG) 

59200–59214  
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3.3. Discussion 

Firstly, the plots shown in Figs. 1 and 2 suggest that there is not much 
difference in using Final, Rapid and Ultra-Rapid products when the re-
sults are compared to the benchmark (BIPM published UTCr). This is an 
interesting finding as this indicates that we could use the Ultra-Rapid 
products for GIPSY-X PPP processing to determine the GPS receiver 
clock bias values. When the Ultra-Rapid products are used the latency is 
only 3 hours, which is significantly lower compared to the Final prod-
ucts. Using this IGS product, the [UTC – PPP UTC(SG)] results can be 
obtained with lower latency. With acceptable accuracy of this result, it 
can then be helpful in monitoring and steering of clocks with less delay 
as compared to BIPM results which are published with longer turn- 
around time. Establishment of this will be significant in faster dissemi-
nation of local UTC time through remote time and frequency transfer. 
Secondly, the GIPSY-X PPP processed clock bias has higher resolution 
(every 5 min). Therefore, this method has an added advantage where by, 
steering of clocks can be done more frequently if needed in some cases. 

Furthermore, the 5-min PPP processed data can be useful in pre-
diction of receiver clock bias error for next time stamp. In the extended 
version of this work, we plan to do a statistical study and implement a 
machine learning algorithm to predict the clock bias values. The 

algorithm can be used to predict the values with different lead times, and 
it can be analysed how much ahead of time the values could be pre-
dicted. The offsets between the predicted values and the BIPM published 
UTCr results can be feedback to the prediction algorithm regularly 
(every Julian day) to improve the algorithm. Thus, by using Ultra-Rapid 
products in GIPSY-X based PPP positioning algorithms, a near-real time 
solution can be realized to predict the clock bias, which can help in near- 
real time steering of local time scale and its dissemination. 

4. Conclusions 

In this paper, different IGS clock products are assessed for their 
suitability to implement a near real-time system to steer a local clock. 
For this, three IGS products; Final, Rapid, and Ultra-Rapid were used in 
PPP processing to get the clock-bias (time difference) values. The values 
obtained from using Final products have the highest latency and from 
using Ultra-Rapid products have the lowest latency. The accuracy was 
obtained by comparing these results to the BIPM published circular-T 
and UTCr data. The comparison shows that there is not much difference 
between using the Final, Rapid and the Ultra-Rapid products. This sug-
gests the suitability of using Ultra-Rapid products for local PPP pro-
cessing. Further, the resolution of data obtained by PPP using Ultra- 
Rapid is much higher compared to BIPM published results, which can be 
helpful in prediction of clock-bias values. 

Therefore, the paper proposed to use Ultra-Rapid product to obtain 
the clock bias values with very less latency, for local steering and faster 
dissemination of UTC time, and discussed a possibility to implement a 
machine learning algorithm for predicting the clock bias values with 
varying lead time. This helps to realize a near real-time system to steer 
the local clocks. 
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