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In September 2017 Trimble introduced version 4.00 of Trimble Business Center (TBC) software with a new 
processor for static GNSS baselines. While maintaining the baseline processing user experience within the 
software, the update delivers improved performance, enhanced reliability, and adds multiple processing modes 
dynamically chosen according to baseline length, and more. 
This paper discusses the changes to the static processor with version 4.00 and later, including ongoing 
refinements released with version 4.10 (April 2018) and beyond. In this paper, the term “TBC 4.xx” refers to the 
new static GNSS processor in TBC versions 4.00 and later. 

New Processor for Static GNSS Baselines 
TBC has historically used a single processing engine for both static and kinematic baselines. That processor uses 
Kalman filter techniques, which are good at estimating changing values such as kinematic positions. But there are 
better ways to work with static observations. As new GNSS constellations continue to come online, post-
processing engines must adapt to handle the growing combination of frequencies and signals.  
Beginning with TBC version 4.00, processing of static baselines is handled by a dedicated processor. (By contrast, 
previous versions used the kinematic engine in static mode.) The new approach is based on sequential least 
squares and provides important functionality and benefits. 
The key characteristics of the new static GNSS baseline processor are summarized here, with more detailed 
descriptions given in subsequent sections. 

Multi-frequency and Mixed Signal Processing. The processor can handle triple-frequency data. It can also 
operate using only L2 or L5 frequencies. As in past TBC processors, the new processor also provides the 
ability to specify which constellations to use for processing.  
Multiple Processing Modes with Dynamic Selection. The processor uses five different processing modes 
to produce high reliability and confidence in the baseline results. The software automatically selects the 
appropriate mode based on baseline length and observation time. 
Extended Troposphere Modeling. The processor applies the appropriate tropospheric modeling and 
corrections. Options include extended model, constant and variable biases, relative and absolute 
modeling, and gradient tropospheric model with a priori gradient corrections. 
Enhanced Processing Capacity and Efficiency. The processor handles static GNSS raw data sets more 
efficiently by automatically selecting the optimal epoch intervals for processing. 
Bias-Adjusted Estimates of Precision. The processor contains an updated approach to better estimate 
biases induced by atmospheric effects. These biases are accounted for in the GNSS processing precision 
value results. 

Multi-frequency and Mixed Signal Processing 
The static GNSS processor in TBC 4.xx can handle dual- and triple-frequency data. The processor can also operate 
using data on the L2 or L5 frequencies only, as well as processing all available combinations of frequencies and 
satellite systems. For example, use of the L5-only data is required to support the Navigation Indian Constellation 
(NavIC). Processors in earlier versions of TBC did not provide this capability. 
As in past versions, the processor does not require data from the U.S. GPS satellites. It’s possible to select one or 
more constellations and produce results using data from only those satellites. For example, users may process 
data using only GLONASS data. Alternatively, they may use data from a specific combination of constellations 
such as Galileo plus GLONASS.  



Trimble Business Center: Modernized Approaches for GNSS Baseline Processing 3 

 

3  

 

Multiple Processing Modes with Dynamic Selection 
Experience has shown that the best results are obtained by using data collection and processing techniques 
appropriate for the size and scope of the GNSS work. Techniques that work well on short baselines may not 
produce good results on longer baselines. To manage the differences, the new static GNSS baseline processor in 
TBC uses five different processing modes.  
For each baseline, the processor automatically selects the optimal processing mode based on a combination of 
baseline length and duration of observation sessions. The modes are described below and summarized in Table 1. 

Uncombined Multi-frequency Mode 
On short baselines the atmospheric effects at both ends of the line can be regarded as similar. For these 
vectors, TBC 4.xx uses an uncombined multi-frequency mode, which computes the double difference 
measurements for each of the available frequencies.  
This approach reduces ionospheric error, which is shown to be a valid technique on short baselines where 
each receiver experiences similar atmospheric effects. The mode has a large number of potential integer 
values to sort through and also provides lower noise. TBC 4.xx can also incorporate an ionospheric model 
to further reduce ionospheric error and improve precision.  

Wide Lane Mode 
On longer lines, the software uses a wide lane linear combination of carrier phase measurements. This 
approach removes troposphere error and reduces ionosphere error. The wide lane technique produces a 
longer (~86 cm) wavelength, which facilitates easier ambiguity resolution but increases signal noise. The 
noise is mitigated by using longer observation times.  

Combined Mode 

TBC 4.xx uses the uncombined multi-frequency mode with ionospheric modeling to process baselines 
between 2 and 20km. It switches to the wide lane mode for longer baselines. If a network includes some 
lines shorter than 20km and other lines longer than 20km, then the results and precision estimates may 
seem inconsistent.  
To address this, Trimble developed a “Combined Mode” which provides a smooth transition between the 
uncombined multi-frequency technique and wide lane modes. Network adjustment of non-homogeneous 
baseline lengths may benefit through smaller scaling of a priori error estimates.  

Melbourne-Wübbena Mode 

For lines longer than 200km, the processor uses the Melbourne-Wübbena approach. This mode uses wide 
lane carrier phase measurements combined with narrow lane code. The approach leverages wide lane 
advantages for integer fixing while removing atmospheric effects from the solution.  

Mixed Wide Lane and Melbourne-Wübbena Mode 

Acting as a transition between the Wide Lane and Melbourne-Wübbena modes, this mixed mode 
produces good reliability. Precision estimates are more consistent among lines of varying length. As a 
result, in network adjustment, a priori scale factors may be smaller. 
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Table 1: TBC 4.xx Baseline Processing Modes 
Baseline Length Processing Mode Description 
Very short baselines  
(less than 2km) 

Uncombined multi-frequency 
mode 

Double difference for all frequencies 

Short baselines 
(2km to 20km) 

Uncombined multi-frequency 
mode with ionospheric modeling 

Double difference for all frequencies with 
ionospheric modeling 

Medium baselines  
(20km to 200km) 

Ionosphere-free wide lane 
(IF/WL) 

Ionosphere-free (IF) and WL combination of carrier 
phase measurements without iono modeling. 

Long baselines 
(200km to 1000km) 

Mixed solution of IF/WL and 
Melbourne-Wübbena 

Provides smooth transition between modes and 
network adjustment consistency 

Very long baselines 
(Over 1000 km) 

Melbourne-Wübbena (MW) Ionosphere-free and MW solution 

 
In addition to selecting baseline processing modes, TBC 4.xx automatically sets a number of processing options 
and applies key GNSS processing parameters. These include data corrections to satellite orbits and clocks as well 
as antenna phase centers at the satellites and ground receivers.  
TBC 4.xx offers the option to download additional models such as Differential Code Biases (DCB) and Earth 
Orientation and Rotation Parameters (EOP). DCBs are the biases between two code observations at the same or 
different frequencies for a given satellite. These data are used in code-based positioning and in developing 
ionospheric information.  
Earth Orientation and Rotation Parameters (EOP) from the International Earth Rotation and Reference Systems 
Service (IERS) describe the irregularities of the planet’s rotation, tidal effects and ocean loading. They also provide 
information about the rotation of the International Terrestrial Reference System (ITRS) relative to the 
International Celestial Reference System (ICRS). Using EOP models in baseline processing reduces horizontal and 
vertical errors on all baseline lengths, particularly baselines longer than 200km.  

Extended Tropospheric Modeling 
TBC 4.xx implements new parameters for modeling the effects of the troposphere on measurements. 
Tropospheric refraction is frequency-independent and the effect changes depending on the elevation of each 
satellite. The common approach is to evaluate the tropospheric refraction in the zenith direction and then 
translate the delay according to the elevation angle of the satellite using mapping functions. TBC 4.xx uses a 
gradient model technique that includes an azimuth-dependent component in computing tropospheric delay. The 
technique increases repeatability and significantly decreases residual height variations in the station coordinates.  
The software uses different approaches to tropospheric modeling based on baseline length and duration of 
observation sessions. For short baselines and sessions, TBC uses the Global Pressure and Temperature model 
(GPT2) and Vienna Mapping Function (VMF1) empirical model. The Relative Tropospheric Model (RTM) is used on 
baselines up to 50km and Absolute Tropospheric Modeling (ATM) is used beyond 50km. The RTM and ATM use 
GNSS observations to develop high-quality estimates of tropospheric delay. 
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Enhanced Processing Capacity and Efficiency 
For all baselines, computations are handled more quickly through the automatic selection of epoch intervals 
together with efficient algorithms and modernized data management. In general, processing times are improved 
by a factor of two to three. 
When conducting static GNSS field observations, users often select short (or rapid) intervals between GNSS 
epochs. Thanks to large storage capacity, this is not an issue in the field and intervals of one second are common. 
But these rapid epoch intervals often are not necessary, especially for long sessions. Longer sessions can use 
larger intervals and still maintain reliability and accuracy. 
TBC 4.xx can automatically select the epoch processing interval for each baseline. There are two benefits to this. 
First, using longer intervals reduces the amount of data for processing, thereby reducing the processing time. This 
is especially important when handling cycle slips between epochs. Each cycle slip requires estimation of a new 
integer ambiguity unknown, which can be very time consuming in least squares computations. It’s important to 
note that processing speed can be affected by data quality; a large number of cycle slips may increase processing 
time.  
Second, the longer intervals help reduce correlation between observations. For example, in a 12-hour session, a 
1-second data rate produces more than 43,000 measurements. But many of these are redundant. At 1-second 
rates there is only a small change in satellite geometry and ionospheric conditions between measurements, and 
it’s difficult to detect the differences between what should be independent observations. By using observations 
taken a few minutes apart, correlation of ionospheric effects is reduced and the satellite geometry changes. 
While longer sessions can benefit from the slower epoch intervals, shorter-duration observation sessions should 
continue to use faster rates. Given the storage capacity of modern GNSS field equipment, it’s often convenient to 
allow field crews to capture data at high rates for all their work. Then during post processing, users can select 
epoch intervals or simply allow TBC 4.xx to determine the optimal setting. 
Table 2 illustrates how TBC 4.xx determines the automatic epoch interval for processing a baseline.  

Table 2: Processing Update Rates 
Duration of Observing Session Epoch Interval for Processing 
20 min or less 1 sec 
20 to 40 min 10 sec 
40 to 60 min 20 sec 
1 to 2 hours 30 sec 
2 to 4 hours 60 sec 
4 to 6 hours 120 sec 
6 to 8 hours 180 sec 
8 to 10 hours 240 sec 
More than 10 hours 300 sec 

 
When processing a network consisting of baselines with varying lengths and observation times, TBC 4.xx will apply 
the optimum interval, techniques and parameters to each baseline. This ensures the highest precision, the ability 
to produce fixed solutions, and the confidence in correct fixes; in short, the best results. TBC also offers the ability 
to bypass the automatic selection and choose a specific epoch interval for the processor. 
Based on testing of the new processor, Table 3 provides recommended observation times for static baselines. 
Even with advances in hardware and software for static GNSS measurement, achieving high precision and 
accuracy on long baselines remains dependent on the duration of the observations. Longer sessions will produce 
better results. 
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Table 3: Recommended Observation Time 
Baseline Length Processing Mode Recommended Observation Time 
20 to 200 km  Wide lane iono-free 1 hour per 100 km 
200 to 1000 km  Melbourne-Wübbena iono-free 2 hours minimum, then 2 hours per 1000 km 
>1000 km Melbourne-Wübbena iono-free 2 hours per 1000 km 

Bias-Adjusted Estimates of Precision 
TBC 4.xx introduces a new approach to error estimation. In past versions, users received values that estimated 
the precision of the solution for a given baseline. However (and primarily in the vertical component), this 
estimated precision does not account for biases associated with atmospheric effects.  
With the new enhancements to the static GNSS baseline processor, the processor can produce better estimates 
of the atmospheric biases. These are included in the computations and enable TBC 4.xx to report bias-adjusted 
estimates of the solution. As a result, processed baselines may have slightly different RMS values from the 
previous processors, with the vertical component typically demonstrating the improvement in precision estimate.  

Testing the New Processor 
Prior to release, the new processor was thoroughly tested using data from thousands of known baselines around 
the planet. This work included comparing performance of the new processor to past processors as well as 
extensive testing with leading scientific software.  
The tests were designed to compare the ability of the processors to produce fixed solutions (reliability) and the 
ability to produce correct results compared to known values (accuracy). The tests used data from a variety of 
combinations of baseline length and duration of observation sessions. The test results indicate that the TBC 4.xx 
processor performs at or above the reliability and accuracy levels of previous processors.  
The performance and results from TBC 4.xx were compared to the Bernese software, a widely accepted scientific 
processing package (Schütz, 2017). The tests showed that TBC produces solutions consistent with the scientific 
package. The two packages agreed to the millimeter level on short and medium baselines and at the centimeter 
level on long baselines. 
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Summary 
The static GNSS baseline processor in TBC 4.xx represents a significant advance in processing capabilities in 
commercial GNSS software. The new processor provides a number of benefits: 

• From the user’s perspective, the software appearance and processing workflow is essentially unchanged. 
Familiar workflows and report formats are retained in TBC 4.xx. 

• TBC 4.xx provides faster processing on static baselines than previous versions by up to a factor of three. 
Automatic selection of epoch intervals for processing simplifies field work and reduces processing time.  

• Mixed signal, multi-frequency processing handles all combinations of signals, frequencies and satellite 
constellations. Users can specify which constellations and frequencies to use in computations. TBC 4.xx 
uses multiple processing modes to provide increased accuracy and reliability. By automatically selecting 
processing modes, atmospheric modeling approaches and epoch intervals, the software can reduce 
processing time while producing correct results with very high confidence.  

• Depending on observation time and the length of the baselines, the new processor applies different 
techniques for tropospheric modeling. Relative and absolute modeling uses GNSS observations to 
estimate tropospheric delay.  

• TBC 4.xx uses a more comprehensive approach to estimate the precision of a baseline solution. The RMS 
values include atmosphere-induced biases not included in precision estimates provided by earlier 
versions. 

Additional Reading 
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Schütz, A. (2017). Comparing analysis of processing and error models used in the Trimble Baseline Processor and 
the Bernese GNSS software. Technical University of Munich, College of Civil Engineering, Satellite Geodesy. 
Munich: Technical University of Munich. 
Seeber, G. (1993). Satellite Geodesy Foundations, Modes, and Applications. Berlin: Walter de Gruyter. 
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