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Ultra-rapid dUT1 measurement with high-speed network
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Results of Geodetic VLBI Observations by Compact Antennas
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Combining different types of data for inverse ill-posed problems
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Data assimilation theory for geophysical inverse problems
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The method of generalized cross-validation (GCV) has been widely used to determine the regularization parameter, becau:
the criterion minimizes the average predicted residuals of measured data and depends solely on data. The data-driven advant:
is valid only if the variance?covariance matrix of the data can be represented as the product of a given positive definite matri;
and a scalar unknown noise variance. In practice, important geophysical inverse ill-posed problems have often been solved t
combining different types of data. The stochastic model of measurements in this case contains a number of different unknow
variance components. Although the weighting factors, or equivalently the variance components, have been shown to significantl
affect joint inversion results of geophysical ill-posed problems, they have been either assumed to be known or empirically cho:
sen. No solid statistical foundation is available yet to correctly determine the weighting factors of different types of data in joint
geophysical inversion. We extend the GCV method to accommodate both the regularization parameter and the variance cor
ponents. The extended version of GCV essentially consists of two steps, one to estimate the variance components by fixing tt
regularization parameter and the other to determine the regularization parameter by using the GCV method and by fixing th
variance components. We simulate two examples: a purely mathematical integral equation of the first kind modified from the
first example of Phillips (1962) and a typical geophysical example of downward continuation to recover the gravity anomalies on
the surface of the Earth from satellite measurements. Based on the two simulated examples, we extensively compare the iterati
GCV method with existing methods, which have shown that the method works well to correctly recover the unknown variance
components and determine the regularization parameter. In other words, our method lets data speak for themselves, decide
correct weighting factors of different types of geophysical data, and determine the regularization parameter. In addition, we derive
an unbiased estimator of the noise variance by correcting the biases of the regularized residuals. A simplified formula to save tr
time of computation is also given. The two new estimators of the noise variance are compared with six existing methods throug|
numerical simulations. The simulation results have shown that the two new estimators perform as well as Wahba estimator fc
highly ill-posed problems and outperform any existing methods for moderately ill-posed problems. More details on this topic
can be found in Xu et al. (2006, J Geodesy, 80, 69-81), Xu (2009, Geophys J Int, 179, 182-200) and Shen, Xu and Li (2011
submitted).
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Mass loading contribution for seasonal variation of GPS time series in southeast Alaska
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We assess contributions of mass loading effects to GPS time series seasonal variation in southeast Alaska.

In southeast Alaska shows very rapid uplift, with peak rates exceeding 30 mm/yr based on the mainly campaign GPS obse
vation, which are mainly caused by GIA due to the effects of past and present-day ice melting [1]. The almost continuous sites
however, clearly shows the strong seasonal variation in vertical components. It may be interfered with precise vertical velocity
estimation. In this study, we consider well-known mass loading for the GPS time series correction, which contain atmosphere
show and soil moisture loading effect.

We re-analyzed the PBO (Plate Boundary Observatory) GPS data in and around Alaska region using PPP (Precise Point Po
tioning) approach implemented in GIPSY-OASIS Il Ver. 6.0. We applied VMF1 mapping function and reproduced JPL precise
orbit and clock products (flinnR products). Obtained GPS vertical component time series clearly show seasonal variation. Th
Green'’s function approach is adopted to calculate site displacements from various mass loads [2]. We used the NCEP/NCAR rt
produced product as atmospheric pressure data for loading calculation. Mass redistribution from variations of snow cover (sno\
water equivalent, SWE) and soil moisture is derived from the assimilated model of GLDAS (Global Land Data Assimilation Sys-
tem [3]). Compared with GPS and synthetic displacement time series generated by all loading component, both time series a
basically agreement with each other. The synthetic time series, however, underestimate seasonal variation amplitude. The me
loading can explain only 30 % of annual signal amplitude. The one of the inconsistency reason include the inaccurate GLDAS
SWE data set because of GLDAS SWE amount is not consistent with ground observation result.

[1] Larsen et al. (JGR, 2005)
[2] Farrell (Rev. Geophys. Space Phys, 1972)
[3] Rodell et al. (Bull. Amer. Meteor. Soc., 2004)
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High-rate GPS observations with higher than once-per-second sampling are getting increasingly important for seismology. £
number of reports have shown that high-rate GPS receivers are capable of capturing the ground vibration due to earthquake
Unlike a traditional seismometer which measures short period vibration using accelerometers, the GPS receiver can measure
antenna position directly and record long period seismic wave and permanent displacements as well. The high-rate GPS obs:
vations are expected to provide new insights in understanding the whole aspects of earthquake process.

The ground vibration due to an earthquake is composed of a wide spectrum of frequencies. In general, the seismic energy |
frequency spectrum decreases toward higher frequency, and the corner frequency is around several to tens of hertz depending
the earthquake magnitude. In order to grasp such a wide frequency range, the GPS receiver is required to provide higher de
sampling rate. The receiver also needs to maintain lock to the GPS signals under high acceleration and high jerk environmel
due to the earthquake.

In this study, we investigated dynamic characteristics of the high-rate GPS receivers capable of outputting the observations
up to 50Hz. This higher output rate, however, doesn’t mean higher dynamics range of the GPS observations. Since many GF
receivers are designed for low dynamics applications, such as static survey, personal and car navigation, the bandwidth of the lo
filters tend to be narrower in order to reduce the noise level of the observations. The signal tracking loop works like a low-pass
filter. Thus the narrower the bandwidth, the lower the dynamics range. In order to extend this dynamical limit, high-rate GPS
receivers might use wider loop bandwidth for phase tracking. In this case, the GPS observations are degraded by higher noi
level in return.

In addition to the limitation of the loop bandwidth, higher acceleration due to earthquake may cause the steady state error il
the signal tracking loop. As a result, kinematic solutions experience undesirable position offsets, or the receiver may lose th
GPS signals in an extreme case.

In order to examine those effects for the high-rate GPS observations, we made an experiment using a GPS signal simulator a
several geodetic GPS receivers, including Trimble Net-R8, NovAtel OEMV, Topcon Net-G3A, and Javad SIGMA-G2T. We set
up the zero-baseline simulation scenario in which the rover receiver was vibrating in a periodic motion with the frequency from
1Hz to 10Hz around the reference station. The amplitude of the motion was chosen to provide up to 10G acceleration to emula
high frequency and high acceleration earthquake motion.

The simulation results showed that the amplitude was too small when the frequency was higher than 5Hz, and kinematic solt
tions were buried under the noise level. The jerk was also too high in such high frequency region, and no receiver was capabl
of maintaining signal lock. Many receivers lost signal under the acceleration higher than 4G. We also found that the accurac
of high-rate GPS observations was independent of sampling rate of the receivers, and the 50Hz sampling rate provides bett
resolution to the kinematic solutions.

Our experiment suggested that, in the given environment and receiver sets, higher sampling interval was recommended to me
sure the ground motion in higher resolution. On the other hand, the dynamic characteristics of the signal tracking loop put a limif
on the frequency and the acceleration of the antenna motion, and it would be quite difficult to capture the ground vibration with
higher than 5Hz in frequency and 4G in acceleration. We will further continue our experiments to find the optimal configurations
of the high-rate GPS receivers to monitor seismic events.
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A GNSS-R system based on software defined radio
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Evaluation of IGS reproduction precise ephemeris applying the analysis of Japanese d
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