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Abstract 

The vector fidelity analyses are performed on the first break of three different data sets. RMS mapping, 
modelling, polarization analyses and frequency analyses all prove to differentiate the sensors with respect to 
vector fidelity. One cable sensor and three planted sensors (nodes) are evaluated. There are significant 
differences between the cable sensor and the planted nodes. The results suggest that cable sensors are not 
qualified for wide azimuth acquisitions.  

Introduction 

During the last years, vector fidelity has become a major subject of interest. It is a prerequisite for studies of 
azimuthal anisotropy (Ronen 2001), and most often taken for granted. With the increased effort in acquisition of 
wide azimuth seabed seismic data, and increased focus on azimuthal anisotropy, the azimuthal properties of the 
sea floor seismic sensors becomes very important. It is clear that vector fidelity is an inherent propertyof the 
integrated seismic acquisition system, and depends upon the sensors, the housing, the coupling of the geophone 
to the ground and even the method of installation (Mjaaland et al., 2000). Here, we will present some methods 
for quality control and vector fidelity analyses applied to seabed seimic data. The methods have evolved during 
the ROKVA Project and the development of a new node system. 

The data used in this study are collected from from 3 different acquisitions; the ROKVA Project, a 2D-4C node 
acquisition from a North Sea field and a 3D test acquisition with 4C nodes perfomed in the Trondheim Fjord. 
The sensors from the ROKVA Project are one 3C land geophones fitted onto a skirt, with fixed geophones, and 
one conceptual 3C cable sensor integrated into a 10m long cable designed to resemble an ocean bottom cable, 
with the in-line geophone fixed, and the two others gimbaled.  

First Break RMS Analyses 

First, RMS measurements of the first break are performed on 3D Common Receiver Gathers (CRG). The results 
are plotted as time slices for each component. In Figure 1 the first break RMS values are mapped to the source 
coordinates in the CRGs. These analyses require an omnidirectional source, and an isotropic sea floor is 
assumed. Vector Fidelity requirements are that the hydrophone (P) and vertical component, VZ, show similar 
uniform responses, and that the horizontal VX and VY components show equal energy levels and “figure-eight” 
responses perpendicular to each other, provided that the particle motion in the sea floor is directed towards the 
source. The radial horizontal component, VR, should have a uniform circular pattern and the transverse horizontal 
component, VT, should not display any coherency. The ratios between the rotated horizontal components,         
VR /VT, are also plotted, and it should display uniform high amplitudes. 

The results plotted in Fig. 1 show that the Skirt sensor is more in compliance with the requirements listed above, 
than the cable sensor. The in-line, VX, component of the cable exhibits poor azimuthal properties, but the VY 
component is well behaved. The cable sensor also shows an unequal amount of energy in the two horizontal 
components. The radial, VR, component of the cable sensor has more bias towards the cable direction, whereas 
the skirt VR component does not show any obvious bias in any direction. For the VT components, the cable 
sensor shows that a lot of coherent energy is transferred from the VX component during rotation, which, in turn, 
shows up on the VR/VT ratio. The skirt sensor exhibits only a small portion of energy in the VT component, 
compared to that of the cable sensor. Hence, the VR/VT ratio is more regular over the area. 
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Figure 1. First break RMS values of a skirt sensor and one cable sensor from the ROKVA Project 
mapped to the source coordinates. The sensors are approximately 1m apart. 
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Figure 2. First break RMS values of a Node sensor from a node trial in the Trondheim Fjord, mapped to 
the source coordinates. The water depth.is 23 m above the node and 4 m in the lower left corner. 

 

Figure 2 shows the same displays for a Node used in the 3D test in the Trondheim Fjord. The water depth above 
the receiver is 23 metres, and it decreases towards east (left), south and west, thus, the direct arrival will be 
contaminated by refractions and early reflections, hence the smearing.  

Modelling of the Geophone responses 

The second method presented is modelling of the geophone first break responses based on the hydrophone first 
break response (Amundsen and Reitan (1994), Hovem (1996)): 
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, where Tp and Ts are the pressure and shear wave transmission coefficients respectively, Zp1, Zp2 and Zs2 are the 
impedances in the water and sea floor for the two wave modes , Rp is the reflection coefficient at the sea floor 
boundary, q p1 is the incidence angle and q p2 and q s2 are  transmitted angles for the waves in the sea bottom. 

Vector fidelity, and data quality in general, implies that the modelled and recorded values are equal. Figure 3 
shows the results for a cable sensor and a skirt sensor from the ROKVA project. Note that the maximum 
measured RMS is twice as large for VX than for VY for the cable sensor. The skirt sensor shows equal energy 
levels for the horizontal components as well as a better fit wit the modelled results. Note also the azimuth  
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Figure 3. Comparisons of the measured and computed first break RMS values for a cable sensor (left) 
and a skirt sensor (right) from the ROKVA project. Data gather around a circle with a 100m radius. 

 

variations in the VZ component of the cable sensor. The results are, of course, strongly dependant upon the 
correctness of the modelling velocities and density parameters. 

Polarization Analyses 

Provided that the sea floor is isotropic and the geophone ground coupling is good, the traces of the two 
horizontal components should be equal in a time window around the first arrival at 45 degrees source to receiver 
azimuth. Figure 4 shows one way to correlate the horizontal components, VX and VY, at 45 degrees. 

Hodograms (not shown) proves the sensitivity towards the direction of the incoming energy, and plotting of the 
two components together will show directivity problems right away. 

 

 
Figure 4. The horizontal components of a node sensor (top) from a North Sea field and a cable sensor (bottom) 

from the ROKVA Project 
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Figure 5. The average VR/P RMS ratios as functions of frequency (left) and azimuth (right). 

Frequency Analyses 

Frequency analyses were performed on the first 500 ms of the traces. Figure 5 shows the average VR/P ratios for 
5 node sensors as functions of frequency and azimuth for traces within an offset range of 90 to 110m. The ratio 

should only reflect the differences in frequency response of the hydrophone and the geophones. The data are 
from the 4C node test acquisition. The ratio varies with less than ± 1 dB over the frequency range. 

Conclusions 

All the results presented indicate varying azimuthal properties for the sensors analysed. Orientation of the 
geophones into radial and transverse components should, ideally, give uniform results. The varying results 
indicate that there are sensor design issues involved in determining the azimuthal properties. Geophone housing 
and coupling device make a big difference in geophone response. The cable sensors used in this test are 
conceptual, designed only to resemble commercially available systems, and does not claim to possess the 
intrinsic properties of any commercial available system. 

The main difference, for the first break analyses, is whether the area of the sensor, which is coupled to the sea 
floor, extends beyond what could be regarded as an uniform point receiver. This is the case for the cable sensor, 
where the coupled area might be regarded as the whole length of the cable, or a portion, and the cable performs 
as an array. Cables are asymmetric by nature. Thus, symmetric azimuth responses, and thereby vector fidelity, 
cannot be anticipated for cable borne receivers. 

One result of the ``cable effect'' is that it is not possible to exactly determine the first break. Another implication 
is that the orientation of the sensor cannot be exactly determined from the first arrivals, which, in turn, can bias 
the determination of the natural axes of azimuthal anisotropy. The incorporated cable sensor show serious 
variations with azimuth. The results show anisotropic coupling response, and determine that shooting outside a 
sector of ± 20° of a cable of this design is not worth the effort. 

Acknowledgements 

We would like to thank BP, Eni-Agip, the Norwegian Research Council and Norsk Hydro for participating in the 
ROKVA Project, and for permission to publish these results. 

References 

Mjaaland, S., 2000. Vector Fidelity of Seismic Acquisition Systems, Industry Consortium Project Proposal. 

Amundsen, L., and Reitan, A., 1994. AVO Estimation of Water-Bottom P- and S-Wave Velocities from the 
Particle Velocity Field. Journ. of Seismic Explor. 3, 231-243. 

Hovem, J. M., 1996. Lectures in Hydro and Geoacoustics, Norwegian Univerity of Science and Technology. 

 


