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Outlook

* A ray-tracing package and computational aspects

e CONTO8 processing results



0. Introduction

e “Direct ray-t;‘acing”, to find slant delay directly, along the true path

e Solution: Suitable mathematical model + Atmospheric data set

| |

2D or 3D Numerical Weather models (NWM)



1. Mathematical model for Ray-tracing systems (1)

e Eikonal equation

[VL(F)]" =n(r)

L : optical path length, I' : vector of positions,

N : refractive index, V : gradient operator w.r.t positions

Refractivity, as a function of meteorological parameters

N:k1&+k23+k3 ez > n=1+Nx10"°
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1. Mathematical model for Ray-tracing systems (2)

 Partial derivatives of the refractivity in spherical

coordinate system

o
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e Special case : 2D Ray-tracing



2. Practical considerations for developing a ray-tracing method

* Vertical interpolation (and extrapolation) for meteorological
parameters

 Coefficients of refractivity

e Standard atmosphere models for data above upper limit of NWMs
* Horizontal interpolation methods

 Numerical weather models (type and resolution)

* Radius of the Earth

e Gravity model for height conversion

* Time interpolation

e 2D vs 3D ray-tracing methods



3. VIE ray-tracing system - computational aspects (1)

3D minus 2D ray-traced delays, Station Tsukuba, 12.08.2008

N
()

m —
: :
= 15 1 ©

(D)
o S
(=2 c
- ln .=
<10 °
IS S
s 7t A f 1o
D =

0 100 200 300
Azimuth (degrees)



3. VIE ray-tracing system - computational aspects (2)

3D minus 2D ray-traced delays, CONTO8 observations
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3. VIE ray-tracing system - computational aspects (3)

different refractivity constants
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3. VIE ray-tracing system - computational aspects (4)

Different radius of the Earth
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3. VIE ray-tracing system - computational aspects (5)

Different upper limits of the troposphere (76km vs 100 km)
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3. VIE ray-tracing system - computational aspects (6)

Horizontal interpolation (spline, bilinear, weighted mean)
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4. VIE ray-tracing system - CONTOS results
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4. VIE ray-tracing system - CONTOS results (1)

Baseline length repeatabilities for CONTO08 using ray-traced delays (red signs) and

delays from the ECMWF/VMF1 (black signs) versus baseline lengths. Residual zenith

delays and gradients are estimated.
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4. VIE ray-tracing system - CONTOS results (2)

Repeatability differences (ray-tracing minus ECMWF/VMF1). Residual zenith delays
and gradients are estimated.
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4. VIE ray-tracing system - CONTOS results (3)

Baseline length repeatabilities for CONTO08 using ray-traced delays (red signs) and
delays from ECMWF/VMF1 (black signs) versus baseline lengths. Residual zenith

delays were estimated, but no gradients.
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4. VIE ray-tracing system - CONTOS8 results (4)

Repeatability differences (ray-tracing minus ECMWF/VMF1). Residual zenith delays
were estimated, but no gradients.
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4. VIE ray-tracing system - CONTOS results (5)

Baseline length repeatabilities for CONTO08 using ray-traced delays (red signs) and
delays from ECMWF/VMF1 (black signs). No gradients and no wet zenith delays were

estimated in the analysis.
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4. VIE ray-tracing system - CONTOS8 results

(6)

Repeatability differences (ray-tracing minus ECMWF/VMF1). No gradients and no

wet zenith delays were estimated in the analysis.
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4. VIE ray-tracing system - CONTOS results (7)

On average, ray-traced delays yield an accuracy similar to
the standard approach. However, taking a closer look, at
some stations ray-traced delays provide better
tropospheric corrections

In any case the additional estimation of gradients and
residual zenith delays improves the results.

Improvement with respect to the results from the
classical approach with mapping functions if no
additional gradients are estimated



5. Concluding remarks and future works (1)

* A ray-tracing package based on Eikonal equation has been

developed at IGG/TU Wien

 Computational aspects must be considered



5. Concluding remarks and future works (2)

* Focus on different Numerical Weather Models in future

* Validation of results obtained by VIE ray-tracing system,
using VLBI intensive session observations (baseline Tsukuba-

Wettzell)

* Ray-traced delays as a part of Vienna VLBI Software

(VieVS) in future p
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baseline length differences [mm]
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baseline length differences [mm]
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baseline length differences [mm]

1
(6)}

L
o

]
-
)]

[
N
o

-25

= _||__|
mé§<$§§40xo

xEmzxZOIZNEXE
T *;F;;4§EEJE ax ﬂtéémtkkt t<tﬂEE
GRS Ll SZZ2>-ZWS>-W Wic<t

i PFFNEHO%OOZOEWZ?NE Bzzwg BmEOENII

10 20 30 40 50

60



Results of ray-tracing campaign — Tsukuba, 5 deg. Elevation angle
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Results of ray-tracing campaign — Tsukuba, 5 deg. Elevation angle
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Results of ray-tracing campaign — Wettzell, 5 deg. Elevation angle
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Results of ray-tracing campaign — Wettzell, 5 deg. Elevation angle
10.23¢

10.22

10.21

10.2

10.19

Slant Factor

10.18

10.17

10.16

1 0.1 5 | | | | | | |
0 50 100 150 200 250 300 350

Azimuth (degrees)



	Ray-traced tropospheric slant delays from numerical weather models in VLBI analysis
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30

