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Summary: 
Vibroseis is a key source in land seismic exploration and 
has been undergoing many initiatives to increase both 
productivity and seismic data quality.  Most of these 
innovations have dealt with the signals used to generate the 
Vibroseis sweep and techniques for simultaneous 
acquisition. 
 
This paper deals with physical modifications to the 
Vibrator itself designed to enhance performance at both the 
low and high ends of the frequency spectrum and also 
attempt to provide a more accurate measure of the ground 
force from the weighted sum. 
 
Vibrators using the original physical platform and two 
variants with different physical modifications were tested at 
a site with both downhole sensors and a 2D line of 3C 
sensors.  One Vibrator used a relatively simple 
modification to the hydraulic system while another 
Vibrator also used a new heavier reaction mass and stiffer 
baseplate assembly. 
 
Analysis of the test results indicate that the hydraulic 
modifications alone improved signal level below 10Hz 
while the addition of the new reaction mass and baseplate 
assembly progressively improved the Vibrator performance 
from approximately 50Hz up to approximately 160Hz 
where other limits in the Vibrator system arise.  
Additionally the downhole spectrum from the new reaction 
mass and baseplate assembly displays a much improved 
match to the weighted sum, indicating that this 
measurement is more in line with the source signature. 
 
Introduction: 
Most of the recently introduced simultaneous Vibroseis 
techniques aimed at increasing production with minimal 
impact on signal quality rely on the measured weighted 
sum as a good indicator of the actual ground force or the 
source signature for the Vibrator.  In reality it is common 
for there to be substantial differences between the weighted 
sum and the ground force, especially as a function of 
varying near surface conditions.  Modelling was undertaken 
to investigate how the physical properties of a particular 
Hydraulic Vibrator could be modified to improve the 
relationship between the weighted sum and the ground 
force.  As a result of this modelling two variants aimed at 
improving Vibrator performance were constructed.  
Modifications to the hydraulic system were implemented to 
enable better low frequency performance and additionally 
modifications were made to the reaction mass and baseplate 

assembly to improve the high frequency performance that 
were also expected to yield a greater similarity between the 
weighted sum and the ground force.  Early testing on load 
cells indicated that the modifications were performing as 
expected so field tests were commissioned.  A site in Texas 
was used for the tests,  this site was equipped with two 
instrumented wells, one being 90’  deep with 3C 10Hz 
geophones from 5’  to 90’  in 5’  increments and the other 
1,000’  deep with 3C 10Hz geophones from 50’  to 1000’  in 
50’  intervals, plus a surface spread of 3C MEMS sensors. 
 
Tests were conducted using the ION AHV-IV 60,000lb 
Vibrator in its production form, with the hydraulic 
modification only and with the new baseplate assembly as 
well as an 80,000lb version of the ION AHV-IV Renegade 
Vibrator.  For each Vibrator a set of sweeps was acquired 
with the Vibrators occupying the same spot close to the two 
wells.  Each Vibrator was then operated with a production 
sweep to cover the full length of the line.  The reaction 
mass and baseplate acceleration signals were also acquired 
in order to generate the weighted sum signals for each 
sweep.  There were 140 surface sensor locations at 4m 
intervals and 70 Vibrator Points (VPs) at 8 m intervals, 
some of which had to be skipped due to hazards. 
 
The Analysis: 
The Low Frequencies 
Data from the downhole geophones were corrected to back 
off the 12dB/Octave slope from 10Hz and the associated 
phase response so as to properly represent the low 
frequency signals.  In order to test the Vibrator’s 
performance at low frequencies a linear sweep was 
performed from 1Hz to 21Hz in 20 seconds.  Spectra and 
FT (frequency-time) plots were used to analyze the 
differences between the various Vibrators. 
 
Comparison FT plots from the geophone at 50feet depth are 
shown in Figure 1 with the original Vibrator in (a) and after 
the modified hydraulics in (b).  Two frequencies 10Hz and 
6Hz are denoted on these Figures to better aid 
interpretation of the information.  It can be seen that the 
modified hydraulics enable the Vibrator to extend 
significant energy at least 2Hz lower whilst using identical 
linear sweeps. 
 
The comparison FT plots again from the geophone at 
50feet depth shown in Figure 2 are for the Vibrator with 
modified hydraulics (a) versus the Vibrator with the new  
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baseplate assembly.  There is a minor improvement in the 
low frequency performance due to the new baseplate 
assembly and in fact the low frequency performance of the 
Vibrator with the new baseplate is very similar to that of 
the 80,000lb Renegade Vibrator. 
 

 
Figure 1: FT analyses of (a) the ION AHV-IV and (b) the 
ION AHV-IV with modified hydraulics 
 

 
Figure 2: FT analyses of (a) the ION AHV-IV with 
modified hydraulics and (b) the ION AHV-IV with the new 
baseplate assembly 
. 
The High Frequencies 
The high frequencies are compared using spectra from the 
geophone at 1000’  depth and also from the vertical element 
of the surface MEMS sensors.  The data in Figure 1 is 

spectra after geophone response removal and correlation 
with the pilot signal.  The sweep used for this test was 2 to 
160Hz over 20s at 80% drive level with a tapered dwell to 
8Hz.  It can be clearly seen that there is a significant boost 
of the higher frequency energy with the new baseplate 
assembly.  A significant factor in achieving this 
improvement is that the new baseplate assembly being 
stiffer, and thus less subject to flexure, enables the 
placement of a feedback accelerometer such that its signal 
gives an improved representation of the baseplate motion 
leading to a closer relationship between the weighted sum 
signal used in control and the ground force emitted by the 
Vibrator. 
 

 
Figure 3: Spectra from the 1000ft downhole geophone after 
geophone response compensation for (a) the ION AHV-IV 
Vibrator and (b) the ION AHV-IV with the new baseplate 
assembly 
 
Comparisons were also made using the vertical element of 
the 3C MEMS sensors planted on the surface.  Surface 
waves are particularly strong at this location so an offset 
region was selected to enable shallow reflection signal to 
be included along with some of the surface wave energy.  
Figure 4 shows this comparison, which essentially 
complements the comparison made using the vertical 
geophone at a depth of 1000ft in the hole.  Again a line has 
been drawn on the spectra representing a common level 
between the two Vibrators to enable a simpler comparison 
to be made.   
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Figure 4: Seismic data and associated spectra from (a) the 
ION AHV-IV Vibrator and (b) the ION AHV-IV with the 
new baseplate assembly 
 
From Figures 3 and 4 it is evident that the new baseplate 
assembly is enabling the Vibrator to put out greater useful 
power at the higher frequencies. 
 
Signal Stability under Uneven Loading 
Modelling has suggested that the Vibrator should be able to 
better maintain accurate phase lock under varying ground 
conditions.  To test this hypothesis railroad ties were placed 
beneath the baseplate of the Vibrator under test as shown in 
Figure 5 below, the orange bars represent the railroad ties. 
 

 
Figure 5: A diagrammatic illustration of how railroad ties 
(orange bars) were used to simulate uneven ground 
conditions 

 
Spectra are shown in Figure 6 from the 1000ft deep vertical 
geophone, again after removal of the geophone response.  
The sweep used for this test was again the 2 to 160Hz over 
20s at 80% drive level with a tapered dwell to 8Hz.  It can 
be seen that the Vibrator with the new baseplate assembly 
maintains its bandwidth considerably better than the 
standard Vibrator, particularly under the adverse loading 
condition of Case C where one edge of the baseplate is not 
in contact with the ground. 

Figure 6: spectra (top) the ION AHV-IV Vibrator and 
(bottom) the ION AHV-IV with the new baseplate 
assembly 
 
The weighted sum versus measured data 
The weighted sum, that is the sum of the acceleration 
signals from the reaction mass and baseplate multiplied by 
their respective masses has been termed Ground Force for a 
couple of decades.  This term implies that this calculated 
signal is a good representation of what the Vibrator puts 
into the ground and, as previously noted, is used in several 
schemes to enable improved Vibroseis acquisition.  It is 
clear that the weighted sum is a better representation of 
what the Vibrator puts into the ground than the simple pilot 
signal, which is what we would like the Vibrator to put into 
the ground, but it has also come to our attention that it is 
not as accurate a measure of what the Vibrator actually 
does as we would like it to be. 
 
In the case of a marine seismic source it is a simple, if not 
inexpensive, matter to deploy sensors in water deep enough 
to record the full far-field signature without any 
interference from the earth.  With a land source this is not 
possible as it is difficult if not impossible to find 
somewhere totally devoid of either attenuation or 
reflectivity.  What is attempted here is to compare the 
weighted sum signature to the signal recorded by the 1000ft 
deep vertical geophone in terms of its spectral content.  
Making comparisons of phase between these two signals is 
made complicated by the various interference mechanisms 
discussed above. 
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The weighted sum signals were calculated for both the 
regular ION AHV-IV and the version after modification 
with the new baseplate assembly.  The spectra of these are 
then compared against the spectra from the vertical 
geophone at a depth of 1000ft in Figure 7.  The sweep used 
in this instance is 1 to 201Hz in 20s with a 70% drive level.  
As before it is seen that the downhole spectrum of the 
modified Vibrator is improved at higher frequencies 
however the spectra of both Vibrators start to decay from 
around 150Hz.  The blue lines shown on the two right hand 
spectra from the downhole geophone are placed identically 
on the plots and the blue line shown on the lower left plot is 
the same slope from about the same frequency as on the 
two right hand plots. 
 
Initially it might be thought that the weighted sum signal 
for the unmodified Vibrator is doing just what we want, 
matching the input pilot signal with a flat spectrum.  It can 
be seen however that the high frequency attenuation noted 
in the downhole geophone matches quite well with the 
decay seen on the weighted sum for the Vibrator with the 
new baseplate assembly.  This drop off in power at a high 
frequency is most likely due to some other physical 
limitation in the Vibrator that the feedback with the new 
baseplate assembly detects but the feedback system of the 
original Vibrator fails to detect.  This strongly implies that 
the weighted sum with the new baseplate assembly is a 
truer representation of the far field signature. 

 
Figure 7: The weighted sum and 1000ft corrected downhole 
geophone spectra for (top) the ION AHV-IV Vibrator and 
(bottom) the ION AHV-IV with the new baseplate 
assembly 
 
Further evidence for this argument is shown in Figure 8 
where the harmonics can be identified in the FT plots.  It is 
seen that there is a strong similarity between the harmonics 
observed at the downhole geophone and the weighted sum 
for the Vibrator with the new baseplate assembly whereas 
the weighted sum for the unmodified Vibrator shows 
considerably more harmonics on its weighted sum than 
exist on its downhole geophone signal.  There is also 

considerable similarity between the harmonics seen 50ft 
downhole between the two different Vibrators.  This again 
infers that the new baseplate assembly is enabling more 
accurate feedback.  It is possible that the greater harmonic 
energy in the weighted sum signal for the unmodified 
vibrator contributes to the false impression of a flat 
spectrum at high frequencies as seen in Figure 7. 
 

 
Figure 8: The weighted sum and 50ft corrected downhole 
geophone FT plots for (top) the ION AHV-IV Vibrator and 
(bottom) the ION AHV-IV with the new baseplate 
assembly 
 
Conclusions: 
There have been many efforts in recent years to improve 
the use of Vibroseis but these have largely focussed on 
improvements in techniques rather than improvements in 
the Vibrator itself.  This paper has demonstrated that a 
good deal of improvement can be gained by looking at the 
fundamentals of how a hydraulic Vibrator works to extend 
both the low and high frequency ends of the spectrum. This 
effort has also resulted in a Vibrator system where the 
weighted sum, a signal that can be measured at each and 
every Vibrator for each and every sweep, provides a better 
estimate of the ground force or the source signature.  This 
development in turn opens up the scope for improving the 
quality of the seismic data acquired using Vibroseis and is 
particularly applicable to simultaneous Vibroseis 
techniques. 
 
Acknowledgments: 
The author wishes to acknowledge John Wei and Tom 
Phillips with ION Geophysical Corporation for many 
discussions regarding modelling and physical 
characteristics of the Vibrator system, John Sallas of 
GeoMagic for enlightening discussion on all things 
Vibroseis and finally ION Geophysical Corporation for 
permission to publish this paper. 


