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SENSOR CONFIGURATION 

[0001] This invention relates to sensing means. 

[0002] Sensing means, such as vibration or movement 
sensing means, are commonly used in a variety of applica 
tions. For example, such sensing means are used to detect 
seismic or microseismic events, and may be located either 
above or beloW ground. Typically, the sensing means Will 
comprise a number of uniaxial sensors, such as geophones, 
accelerometers or seismometers, Which are capable of sens 
ing components of movement or vibration along one axis 
only. To determine the full three-dimensional vibration 
characteristics of an event, it is necessary to use at least three 
such uniaxial sensors, arranged in a non-parallel con?gura 
tion so that the components of the vibration in three orthogo 
nal directions can be resolved. For a three sensor con?gu 
ration for example, in the simplest case the uniaxial sensors 
can be aligned along the three orthogonal directions, i.e. 
along the x, y and Z axes of a Cartesian system. As 
mentioned earlier, the sensors to not need to be orthogonal, 
but merely need to be non-parallel to alloW for full three 
dimensional resolution. 

[0003] This orthogonal sensor con?guration suffers from 
practical drawbacks hoWever. Uniaxial vibration sensors 
tend to perform differently depending on their orientation, 
for example as a result of the effect of gravity. In practice 
therefore, it is necessary to use one type of sensor aligned 
vertically (Z-axis), and tWo sensors of a mechanically dis 
tinct type Which are aligned horizontally (x and y axes). The 
requirement of using tWo different sensors types is trouble 
some as the characteristics of the sensors, eg the sensitivity, 
may vary With each type and thus be difficult to match. In 
addition, there is more expense involved, and it is more 
problematic to replace the sensors in the event of a failure. 

[0004] This problem may be overcome using a different 
con?guration, in Which all three uniaxial sensors are 
arranged at the same angle With respect to the horiZontal 
(Gal’perin, 1984) Whilst maintaining orthogonality. The 
Gal’perin con?guration therefore alloWs a single type of 
sensor to be used for each of the three sensors. 

[0005] Recently, it has been proposed to use four sensor 
con?gurations. These have several advantages over the three 
sensor systems, perhaps the most important being the redun 
dancy built into the system, i.e. should one sensor fail, then 
full three dimensional resolution can still be obtained from 
the remaining three operative sensors. 

[0006] A four sensor Gal’perin con?guration has been 
proposed, Which comprises the normal three sensor 
Gal’perin con?guration, With an extra vertically arranged 
sensor (Gal’perin 1984 and MoroZov et al 1997). Here, the 
angle betWeen the sensors is not equi-angular, some of the 
pairs of sensors are orthogonal and some are not. This 
con?guration obviously suffers from the draWback that a 
sensor of a different type must be used for the fourth, vertical 
sensor. 

[0007] An alternative four sensor con?guration that has 
been proposed is knoWn as a tetrahedral con?guration. In 
this case, the sensors are arranged along the four vectors that 
join the centre of a regular tetrahedron With each of its four 
vertices. In this con?guration, all of the sensors are equi 
angular, having an angle of 109.4710 betWeen the axes of 
any tWo sensors, While there is no orthogonality. Such an 
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arrangement is described for example in WO 02/068996. 
This con?guration has the advantage that the sensors can be 
easily checked, as the summed output of the sensors should 
equal Zero if all sensors are functioning correctly. This 
property arises as a result of the tetrahedral geometry of the 
sensors. Again hoWever, this arrangement has the disadvan 
tage that different types of sensors may have to be used, 
depending on each sensor’s angle to the vertical. 

[0008] It is an object of the present invention to provide a 
four sensor con?guration Which has the advantages of a 
tetrahedral con?guration, While removing the need for dif 
ferent types of sensor. 

[0009] According to a ?rst aspect of the present invention, 
there is provided a sensing means comprising four uniaxial 
sensors each capable of detecting a movement component 
along a respective axis having a respective orientation and 
arranged such that the angles betWeen any tWo of said 
respective orientations of said respective axes are substan 
tially equal, Wherein the uniaxial sensors are arranged such 
that in use the respective axes are at substantially the same 
angle to the vertical. 

[0010] According to a second aspect of the present inven 
tion, there is provided a vibration sensing means for deter 
mining vibration components in three orthogonal directions 
comprising four uniaxial sensors each capable of detecting 
a vibration component along a respective axis having a 
respective orientation and arranged in a con?guration such 
that the angles betWeen any tWo of said respective orienta 
tions of said respective axes are substantially equal, Wherein 
the uniaxial sensors are arranged such that in use the 
respective axes are at substantially the same angle to the 
vertical. 

[0011] Each respective axis may be at substantially 54.740 
to the vertical. 

[0012] The uniaxial sensors may have associated direc 
tional vectors orientated along the respective axes, the 
direction of the vectors determined by the polarities of the 
respective uniaxial sensors. In this case, the polarities of the 
uniaxial sensors may be arranged such that the directional 
vectors of all of the uniaxial sensors have positive compo 
nents in the vertical direction. Alternatively, the polarities of 
the uniaxial sensors may be arranged such that the direc 
tional vectors of all of the uniaxial sensors have negative 
components in the vertical direction. 

[0013] Preferably, the uniaxial sensors are located along a 
common axis. In this case, the common axis may lie in the 
vertical direction. 

[0014] The uniaxial sensors may for example comprise 
geophones, seismometers or accelerometers. 

[0015] According to a third aspect of the present invention 
there is provided such a sensing means for use in a borehole. 

[0016] The invention Will noW be described, by Way of 
example, With reference to the accompanying draWings, in 
whichzi 

[0017] FIG. 1 shoWs in vector form a knoWn tetrahedral 
sensor con?guration; 

[0018] FIG. 2 shoWs a tetrahedral sensor con?guration in 
accordance With the present invention; 
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[0019] FIG. 3 shows the con?guration FIG. 2 in a 2D 
form; 
[0020] FIG. 4 shows a compacted version of the con?gu 
ration of FIG. 2; 

[0021] FIG. 5 shoWs an equivalent con?guration to that of 
FIG. 4; and 

[0022] FIG. 6 shoWs a practical con?guration based on 
that of FIG. 5. 

[0023] In each of the ?gures, the upper diagram shoWs a 
vieW of the sensor set from above, While the loWer diagram 
shoWs a vieW from the side. In the ?gures, the X-Z plane is 
parallel to the paper, Z is +ve up, the X-axis extends from 
left to right and the Y-axis is perpendicular to the plane of 
the paper. 

[0024] FIG. 1 shoWs a knoWn tetrahedral sensor con?gu 
ration. Each sensor is denoted by a vector, the arroW-head of 
the vector denoting the polarity of the sensor. Rotating a 
sensor by 180° Would reverse its output. In addition, the 
diagram in the loWer left comer of FIG. 1 shoWs that in the 
?gures, a dashed arroW denotes a sensor that has a reverse 

polarity, ie one that has been connected back-to-front. In 
other Words, a normal sensor is equivalent to a reverse 
polarity sensor rotated through 180°. The con?guration of 
FIG. 1 has a vertical sensor 1, With a sub-horiZontal sensor 
2 in the X=0 plane, and tWo other sub-horiZontal sensors 3, 
4. Although difficult to shoW in the ?gure, each vector has 
the same magnitude, and each pair of vectors is at the same 
angle, about 109.471°. 

[0025] FIG. 2 shoWs a similar con?guration to that of FIG. 
1, but here the sensors have been rotated by about 54.7° 
about the Y-axis. This forms a con?guration in accordance 
With the present invention. NoW in plan vieW it can be seen 
that the sensors appear to be perpendicular, but this is only 
by projection. With this arrangement, all of the sensors make 
substantially the same angle, about 54.7° With the vertical. 
This is shoWn more clearly in FIG. 3. Clearly, the sensors 
also all make the same angle With the horizontal, about 
353°. 

[0026] FIG. 4 shoWs an equivalent con?guration to that of 
FIGS. 2 and 3, but With a more compact form. This is 
achieved by sliding the tWo loWer sensors 2', 4' of FIG. 3 up 
along their oWn axes. With this con?guration, the respective 
axes of each pair of sensors are still at the same angle of 
about 109.471 °, While each respective axis is still at an angle 
of about 54.7° to the vertical. This con?guration has the 
disadvantage that it may be dif?cult to physically connect all 
the sensors. 

[0027] FIG. 5 shoWs a modi?ed version of the FIG. 4 
con?guration in Which sensors 2' and 4' have been reversed 
and had their polarities reversed, as indicated by the dashed 
arroWs 2", 4". All of the sensor vectors noW have positive 
components in the vertical direction. Of course, it Would be 
equally possible to reverse the other sensors 1' and 3' to 
select a con?guration such that all of the sensor vectors 
Would have negative components in the vertical direction, 
ie so that they all point doWnWards. With these con?gu 
rations, physical connection is simpli?ed as the sensors noW 
all point outWards. 

[0028] FIG. 6 shoWs a modi?ed version of the FIG. 5 
con?guration suitable for some practical applications. Here, 
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the four sensors are moved so that they are located along a 
common axis, Which in this case coincides With the vertical 
axis, Whilst still retaining their original orientations. This 
means that the orientations of each pair of sensors are still 
at an angle of about 109.471°, While being at an angle of 
about 54.7° to the vertical. This arrangement is suitable for 
borehole-deployed applications for example, Where the sen 
sors are con?ned to a relatively narroW longitudinally (i.e. 
vertically) extending borehole region. 

[0029] The above-described con?gurations can be 
explained more fully by considering the transformations 
applied to the vectors. 

[0030] A tetrahedral con?guration, such as that shoWn in 
FIG. 1, is Written using unit vectors as: 

X Y Z 

A 0 0 1 
B 0 0.942809 —0.33333 
C 0.816496 —0.471405 —0.33333 
D —0.816496 —0.471405 —0.33333 

Where A, B, C and D are the four sensors and X, Y and Z are 
the axes of the coordinate system, Z being the vertical 
component. In this representation, A is vertical and B, C and 
D are all sub-horizontal. This may be represented by the 
directional cosine matrix: 

[0031] If We consider A and B to de?ne a plane (the Y-Z 
or X=0 plane) and rotate the sensors about the origin in this 
plane by (109.471)/2 degrees We get the folloWing: 

X Y Z 

C 0 0.816497 0.57735 
D 0 —0.816497 0.57735 
A 0.816497 0 —0.57735 
B —0.816497 0 —0.57735 

This can be represented in matrix form as: 

[0032] Investigation of this set of unit vectors shoWs that 
the angle betWeen all pairs of sensors is still 109.471°, Which 
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is the requirement for them to be tetrahedrally con?gured. 
The Z component of each sensor has a magnitude of 
0.57735. In other Words, all four sensors form the same 
angle of 54.7356° to the vertical, and an angle of 35.2643o 
from the horizontal. 

[0033] When the polarities of sensors C and D are 
inverted, and they are re?ected through the origin, We can 
get a set of four sensors all of Which point upWards and still 
form a tetrahedral set. This is: 

X Y Z 

A 0.816497 0 0.57735 
B —0.816497 0 0.57735 
C 0 —0.816497 0.57735 
D 0 0.816497 0.57735 

Where C and D are connected up in the opposite sense to A 
and B This gives a convenient con?guration for land-based 
deployments for example. 

[0034] Another Way to imagine the sensor con?guration is 
to picture a cube. The four diagonals that connect the 
opposite corners of the cube represent the direction cosines 
of the sensors. The con?guration may thus be Written as: 

X Y Z 

A 0.57735 0.57735 0.57735 
B —0.57735 0.57735 0.57735 
C 0.57735 —0.57735 0.57735 
D —0.57735 —0.57735 0.57735 

Where once again the polarity of tWo of the sensors is 
inverted, in this case either A and D or B and C. This Way 
of looking at the con?guration emphasises the fact that all 
the direction cosines have the same magnitude and so it is 
just a question of changing their signs to give the desired 
sensor con?guration. 

[0035] The invention could be used for various applica 
tions, for example land-based deployments of geophones, 
accelerometers and seismometers Where the orientation With 
respect to the vertical is typically knoWn and for OBS 
(ocean-bottom seismometer) node systems. Gimballed OBC 
(ocean-bottom cable) and borehole systems could also use 
this sensor geometry. 

[0036] The orientation also has the advantage for borehole 
geophones When one connector is at each end of the geo 
phone, eg the sm-45 geophone produced by Input-Output 
Inc. This is because all connectors are easily accessible if the 
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geophones are mounted in this tilted fashion With respect to 
the axis of the borehole. This is not the case if one sensor is 
mounted in line With the borehole, Which is the conventional 
Way of mounting the sensors. 

1. A sensing means comprising four uniaxial sensors each 
capable of detecting a movement component along a respec 
tive axis having a respective orientation and arranged such 
that the angles betWeen any tWo of said respective orienta 
tions of said respective axes are substantially equal, Wherein 
the uniaxial sensors are arranged such that in use the 
respective axes are at substantially the same angle to the 
vertical. 

2. A vibration sensing means for determining vibration 
components in three orthogonal directions comprising four 
uniaxial sensors each capable of detecting a vibration com 
ponent along a respective axis having a respective orienta 
tion and arranged in a con?guration such that the angles 
betWeen any tWo of said respective orientations of said 
respective axes are substantially equal, Wherein the uniaxial 
sensors are arranged such that in use the respective axes are 
at substantially the same angle to the vertical. 

3. A sensing means according to either of claims 1 and 2, 
Wherein each respective axis is at substantially 54.740 to the 
vertical. 

4. A sensing means according to any preceding claim, 
Wherein the uniaxial sensors have associated directional 
vectors orientated along the respective axes, the direction of 
the vectors determined by the polarities of the respective 
uniaxial sensors. 

5. A sensing means according to claim 4, Wherein the 
polarities of the uniaxial sensors are arranged such that the 
directional vectors of all of the uniaxial sensors have posi 
tive components in the vertical direction. 

6. A sensing means according to any of claims 1 to 4, 
Wherein the polarities of the uniaxial sensors are arranged 
such that the directional vectors of all of the uniaxial sensors 
have negative components in the vertical direction. 

7. A sensing means according to any preceding claim, 
Wherein the uniaxial sensors are located along a common 
axis. 

8. A sensing means according to claim 7 Wherein in use 
the common axis is in the vertical direction. 

9. A sensing means according to any preceding claim, 
Wherein the uniaxial sensors comprise geophones. 

10. A sensing means according to any of claims 1 to 8, 
Wherein the uniaxial sensors comprise seismometers. 

11. A sensing means according to any of claims 1 to 8, 
Wherein the uniaxial sensors comprise accelerometers. 

12. A sensing means according to any preceding claim for 
use in a borehole. 

13. A sensing means as herein described With reference to 
the accompanying draWings. 


