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_ An apparatus for precisely measuring the direction and 

gogiigiflTdelggoAglir?isG'ToN grade of tilt, and the rate of change of tilt. The apparatus 
' consists of a lighted ?ber optic cable that is ?tted With a 

?otation collar on one end, and the other end is vertically 
’ tethered to the bottom of a liquid ?lled chamber. The light 

21 A 1' N ‘I 09 846 438 projecting from the cable is sensed by a photodetector and 
( ) pp 0 / ’ assigned spatial coordinates. The ?ber optic cable is sensi 
(22) Filed: May 2 2001 tive to changes in orientation, and When the apparatus is 

’ tilted, or subject to an acceleration, then the cable de?ects to 
Publication Classi?cation correct for the tilt, and the photodetector picks up the neW 

spatial coordinates of the projecting light. The neW spatial 
(51) Int. Cl.7 ............................. .. G01C 9/06; G01C 9/18 Coordinates re?ect the direction and magnitude of tilt. 
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ORIENTATION SENSOR 

BACKGROUND OF THE INVENTION 

[0001] The invention is an apparatus for determining 
orientation With respect to acceleration, and more particu 
larly the invention is an apparatus for determining orienta 
tion With respect to gravity, and Where the orientation can be 
determined statically or dynamically. 

[0002] Orientation devices, sometimes referred to as lev 
els, tilt devices or inclinometers, are similar, in that all 
measure at least one component of an angle of de?ection 
from a true vertical, Where the true vertical is de?ned as a 
direction that is coextensive With gravity. The angle of 
de?ection is conventionally termed tilt, or angle of tilt. A 
simple device for determining the direction of gravity is a 
plumb line. A plumb line is a string or line having a Weight 
attached to one end and the other end attached to a stationary 
point, such that the hanging Weight is free to move. After 
being positioned, once the Weight becomes stationary, the 
plumb line indicates the true vertical. 

[0003] If an object is not level then this is another mani 
festation of being tilted. Unlevelness is hoW much a plane is 
de?ected from a true horiZontal, Where the true horiZontal is 
a plane that is perpendicular to true vertical. Many orienta 
tion devices measure tilt by measuring levelness. A bubble 
tube is a means of using a gravitational force to determine 
true vertical by measuring levelness. The bubble tube is 
based on the observation that an air bubble in a liquid Will 
seek to escape that liquid, and that under the pull of gravity, 
the action route Will take the air bubble to a position in the 
liquid of loWest gravitational in?uence, that is loWest pres 
sure. This action occurs because the pressure drops as the 
bubble moves upWard, enabling the bubble to expand. The 
expanded bubble continues to proportionately increase in 
buoyancy, and the process continues until the bubble is 
either restrained or it reaches the surface. When the bubble 
is in a horiZontal liquid ?lled tube, Where the tube is slightly 
arced upWard, then the position of loWest gravitational 
in?uence is at the apex of the arc, and this coincides With 
true vertical for one planar component. If the bubble is 
displaced from the apex, then this indicates that the tube is 
tilted, because the highest point in the tube is displaced. An 
example of a commonly utiliZed tool that employs the 
bubble tube technique is a level. One bubble tube can 
measure only one axis component at a time, so to determine 
the tilt on the other axes the level either has tWo or more 
bubble tubes offset 90 degrees, or the user has to rotate the 
level through 90 degrees, taking measurements at each 
angle. Even then, unless the user knoWs exactly hoW to line 
up the level, the level could be actually rotated slightly, and 
thereby produce an erroneous level reading in the bubble 
tube. More recent inventions employing bubble tubes, often 
called electronic bubble tubes, have a domed chamber 
instead of a tube and the chamber has a shalloW convex 
curvature. The convex curvature enables the air bubble to 
move in either the x or the y direction or any combination 

thereof, as it seeks the point of loWest pressure. HoWever, 
the additional degree of freedom comes at a substantial 
price. The forces acting on the air bubble producing move 
ment, are noW spread over a much larger angle, instead 
along just one axis. Therefore, domed chambered bubble 
tubes are substantially less sensitive to small changes in tilt 
compared to tubes. 
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[0004] There are several considerations the user must be 
aWare of When using orientation devices that use the bubble 
tube technique. Firstly, bubble tubes are subject to error 
because if either the tube or the apparatus seating the tube is 
rotated, a false orientation reading Will be generated. Also, 
competing interfacial interactions can be substantial. By 
Way of example, the reader is encouraged to recall the Way 
small bubbles cling to the Walls of a glass of Water, or a glass 
of champagne. As previously implied, omni-directional 
bubble tubes offer the advantage of determining the direc 
tion of tilt With one measurement, but omni-directional 
bubble tubes are less sensitive than single axis bubble tubes. 
An improved technology Would be an orientation sensor that 
had the convenience of measuring tilt through 360 degrees, 
but Without the loss of sensitivity. Another limitation of the 
prior art is that to amplify small changes in tilt requires using 
a tube that is has very little arch. HoWever, With a substan 
tially straight tube the operative gravitational forces and the 
competing interfacial forces are approaching each other in 
magnitude, and the net result is that the bubble tends to stick 
and then jump, in an all or none fashion. An improved 
technique Would be one that utiliZed the heretofore 
described action of the bubble to move to the point of loWer 
pressure, While at the same time minimiZing the interfacial 
interactions. 

[0005] Kikuo Shimura U.S. Pat. No. 5,101,570 discloses 
an Inclination Angle Detector that is a bubble tube that casts 
a shadoW on a circular detector, Where the detector is divided 
into quadrants. The resulting electronic signal is converted/ 
calculated into an angle of tilt or incline, Where not only the 
degree or magnitude of tilt is determined, but also the 
direction. 

[0006] Fumio Ohtomo U.S. Pat. No. 5,953,116 discloses a 
Tilt Detecting Device that is comprised of a bubble tube, 
light, detector and electronics. His invention is geared for 
survey equipment, i.e. transit theodolite. Page 11, FIG. 18 
shoWs a light pro?le of the photo detector of the prior art. By 
using plates (slits) the overall light is reduced but the 
background noise light is greatly reduced, permitting accu 
rate determinations. 

[0007] Franklin US. Pat. No. 4,800,542 discloses an ori 
entation device that uses moving mercury to change the 
capacitance in response to a change in orientation. 

[0008] Augutin US. Pat. No. 5,704,130 discloses an 
invention developed for Bayer that uses a chamber contain 
ing tWo immiscible media, Where one of the media is either 
a gas, liquid or solid. The preferred invention uses a gas. 

SUMMARY OF THE INVENTION 

[0009] The invention is an apparatus for measuring tilt, 
Where tilt can generally be described as an angular compo 
nent of a vector, Where the vector is equal and opposite the 
force exerted by gravity and, on occasion, one or more 
additional forces. The angular component or tilt is three 
dimensional. The three angular dimensions can be measured 
and described in a tWo dimensional format. TWo of the 
dimensions are described in terms of direction and the third 
dimension in terms of magnitude. The format can use purely 
scalar units, purely angular units or a blend of units, such as 
polar notation. The reader is encouraged to previeW FIG. 4 
for a pictorial explanation of tilt. In the current discussion, 
for purposes of clarity, the direction of tilt Will refer to the 
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orientation of a substantially horizontal plane Where the tilt 
is steepest. The magnitude Will refer to the grade of that 
horiZontal plane. 

[0010] The invention is set up to adhere to this format, 
Which has a visual representation that is easily understood, 
and is grounded With an historical basis Mechanistically, the 
invention uses the observed action of a buoyant element 
immersed in a liquid to seek a position of minimum pressure 
to determine orientation. Under static conditions, that posi 
tion is as close to the surface as permitted by the constraints 
of the invention. The action is not dissimilar to the bubble 
tube, but With several signi?cant departures that all but 
eliminate some of the more onerous limitations associated 
With the prior art. 

[0011] The invention is an apparatus for determining the 
orientation With respect to gravity, Where the apparatus 
consists of: 

[0012] a loWer chamber that is ?lled With a liquid, 
and an upper chamber that is superimposed over the 
loWer chamber, Where the loWer chamber and the 
upper chamber share a light communicating Wall, 
Where said light communicating Wall is a WindoW; 

[0013] a light transmitting cable that is transmitting 
light through the cable, Wherein said cable has a 
source end Which is an entrance point for the light, 
and an exit end that has an emitting light, and Where 
the exit end is ?tted With a ?otation collar, a light 
source; 

[0014] an observing means in the upper chamber for 
detecting the position of the emitting light, Where the 
observing means can be a visual eye portal, a lens or 
an instrumental means, such as a photodetector that 
generates an electronic signal, Where the photode 
tector has a supporting electronic circuit, Where the 
electronic signal is unique to a spatial coordinate; 

[0015] Wherein, the source end of the cable passes 
through a bottom Wall of the loWer chamber and is 
sealed to the bottom Wall such that the cable is 
substantially vertically tethered to the bottom Wall at 
a position that is substantially central and opposite to 
the WindoW, and Wherein the cable is tensioned by 
the ?oatation collar submerged in and buoyed by the 
liquid, such that the cable is substantially straight, 
and long enough such that the exit end of the cable 
is in close proximity to the WindoW, Where the exit 
end of the cable is buoyed, therein seeking a loWest 
pressure point; 

[0016] Wherein the light source delivers light to the 
source end of the cable, the cable conveys the light 
to the exit end, and the emitting light projects a point 
light at the WindoW; 

[0017] Wherein, the upper chamber has a ceiling Wall 
opposite the WindoW and in the upper chamber, and 
preferably in the ceiling Wall, is located the observ 
ing means that can detect the exact planar position of 
the point light, and, optionally, can generate an 
appropriate electronic signal that describes the posi 
tion; 

[0018] Whereas, When the apparatus experiences an 
effective tilt, the loWest pressure point shifts, and the 
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cable adjusts its angle to the neW loW pressure point, 
Which accordingly causes the point light to move to 
a neW position, and the neW position is detected by 
the observing means. 

[0019] The invention Works as folloWs. The ?otation col 
lar buoys the cable. The cable, Which is tethered to the 
bottom, is ?exible, and pulled straight by the buoyant 
?otation collar. The liquid generates a pressure that increases 
as the depth increases. The pressure forces the ?otation 
collar upWard, because the ?otation collar is pushed by the 
higher pressure to a position of loWer pressure. The tether 
restrains the ?otation collar and the exit end of the cable 
from moving to a point against the WindoW. The exit end is 
close enough to the WindoW that the light emanating from 
the cable can be seen through the WindoW. The invention is 
generally set up so that When the apparatus is orientated With 
no tilt, the exit end of the cable is located at the center of the 
WindoW. 

[0020] When the apparatus is tilted, the ?otation collar 
moves to the neW minimum pressure point. The overall 
pressure is slightly higher because the loWer chamber hold 
ing the liquid causes the liquid to stack up higher, and the 
?otation collar shifts to this neW position Which is the neW 
minimum pressure for that depth. The exit end of the cable, 
buoyed by the ?otation collar alWays seeks the minimum 
pressure, and this is coincident With the true vertical. 

[0021] The observing means enables the user to visually 
track the position of the point light. The eye portal or lens 
can be ?tted With a grid or a gradient to help the user 
graphically measure the tilt. The gradient or grid can alter 
natively be on the WindoW. A lined ?lm laminated to the 
WindoW Would also provide the graphical reference marks. 
The preferred grid or gradient for visual observation has 
both scalar and polar coordinates, so that the direction and 
magnitude of tilt can be easily read or quickly calculated. A 
preferred initial set up is to have the point light centered at 
a Zero X and Zero y When the apparatus is not tilted. 

[0022] The observing means can also be the instrumental 
means, as for instance a digital camera, a photographic 
camera, a video camera, a stereo microscope or a photode 
tector. A video camera feed to a computer Would have a 

presentation suitable for easy vieWing and calculating. 

[0023] The geometry of the instant apparatus has a number 
of advantages over the prior art. By using a tethered ?otation 
collar, even small changes in tilt can be determined by 
extending the length of the cable from the ?otation collar to 
the tether. A long cable Would amplify the movement of the 
point light. Small angles Will generate a larger arc, the 
further the plane of measurement is from the origin. For 
instance if the cable is 10 cm and the resultant is 1 cm, the 
magnitude of the tilt is 5.7 degrees. More examples are given 
in Table 1. The dimensions of the instant invention can be 
easily modi?ed to accommodate Whatever range of tilt is 
needed. Furthermore, a false tether can be created by immo 
biliZing the cable above Where the cable is actually tethered, 
and this Would have the effect of using a shorter cable. For 
instance, if a 10 cm cable Was immobiliZed 5 cm above the 
tether this Would double the range of measurement. If more 
precision is required the false tether could be moved doWn. 



US 2002/0184775 A1 

TABLE 1 

Length of Cable Length of Resultant 
(cm) (cm) 

1 

Magnitude of Tilt in 
Degrees 

[0024] Another advantage of the invention is that, unlike 
bubble tubes, there is no gas, and the buoyant element never 
contacts anything but the liquid, therein eliminating prob 
lems associated With gas—liquid interfacial interactions. 

[0025] The light source for the preferred invention is a 
light emitting diode, commonly knoWn as an LED. The LED 
is selected so that it has good transmission properties 
through the cable, and is easily seen by the observing means. 
Generally, the preferred frequency is in the visible spectrum. 
If the observing means is a photodetector, then the photo 
detector and LED are selected so as to optimize the response 
of the photodetector. 

[0026] The preferred cable for the invention is a ?ber optic 
cable, and preferably a bundled ?ber optic cable. A ?ber 
optical cable having good transmission characteristic in the 
visible range is preferred. 

[0027] The preferred ?otation collar for most applications 
is a holloW sphere, Wherein the cable passes through the 
center of the sphere and protrudes, slightly, on the opposing 
side. The cable is sealed to the sphere With an air tight seal, 
Where said seal is symmetrical and smooth. The sphere is 
suitably constructed to have a precise shape and to retain its 
shape, even under slight hydraulic pressure. The sphere is 
uniform in all directions and has a minimum surface area for 
a given volume. 

[0028] The preferred liquid is pure Water, and preferably 
degassed, distilled, deionized Water. The Water can, option 
ally, contain anti-freeze compounds, such as ethylene glycol, 
propylene glycol and alcohols. Certain metal salts can also 
be added to loWer the freezing point. Salts have the bene?t 
of also increasing the solution density. The Water can 
optionally contain surfactants to loWer the surface tension. 
The surfactants can be either ionic or nonionic. Fluorinated 
surfactants are excellent for loWering the surface tension. 
Other liquids that are commonly employed in tilt corrective 
instruments, like compasses, Where the compass ?oats in a 
reservoir of the liquid, use high boiling organic compounds 
that are ?uids. High boiling organic liquids have generally 
not been found to be required for the instant invention, albeit 
could be also employed if circumstances justi?ed their use. 

[0029] The upper chamber is preferably completely dark, 
except for the point light source. In a variation of the 
invention, tWo chambers are cylindrical in shape and have a 
nested con?guration, Wherein the upper chamber has a side 
Wall that extends doWn to a base, Where the side Wall of the 
upper chamber encase the loWer chamber. In essence the 
loWer chamber is nested inside the upper chamber. The 
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nested con?guration creates an inter-Wall space that has a 
DeWar insulating effect, and in general protects the loWer 
chamber from the environment. 

[0030] The preferred observing means of the invention is 
the photodetector, Where the photodetector has an array of 
sensors Which are mounted in the ceiling of the upper 
chamber. There are preferably a set of a pair of sensors 
mounted in a plane parallel to the WindoW, and positioned 
such that one pair, designated an x pair, are orthogonal to 
other pair, designated the y pair. The sensors are located 
equidistant from each other and near the perimeter of the 
WindoW. The x pair is part of a circuit containing a balanced 
Wheatstone bridge circuit, and the circuit generates an x axis 
signal. The y pair are part of a similar balanced Wheatstone 
bridge circuit and the similar circuit generates a y axis 
signal. The sensors are the photoconductive type, Wherein 
their resistance is a function of luminance. 

[0031] The upper chamber side of the WindoW has a 
treated surface, such that the treated surface diffuses the 
emitted light, therein making light emanating from the 
WindoW isotropic. The sensors are suf?ciently offset from 
the WindoW that, even When the point light is in an extreme 
peripheral position of the WindoW, all the sensors can see the 
point light. The photodetector senses the position as folloWs. 
The x pair of sensors are tuned such that When the orienta 
tion device is aligned With the true vertical, the exit end of 
the cable, and therein the point light, is in the center of the 
WindoW, and the x axis signal, Which is a voltage, is zero. 
The signal is zero because both sensors in the x pair are 
seeing the same intensity of light, as they are equidistant 
from the point light. The same is true for the y axis signal. 
When the orientation device is tilted, for the sake of the 
discussion, such that the direction of tilt is 225 degrees and 
the magnitude of tilt is 5.37 degrees (or 5 degrees and 22 
minutes), then the exit end of the cable, and therein the is 
point light Will move to a neW position in the WindoW that 
compensates for this azimuth. The Wheatstone bridge is noW 
out-of-balance and generates a commensurate signal. In this 
hypothetical case the signal is 2 volts for the x axis and 2 
volts for the y axis signal also. This means that the neW 
position of the point light is in the ?rst quadrant, 1 cm along 
the x axis and 1 cm along the y axis. Using the Pythagorean 
theorem We calculate that the resultant is 1.41 cm long, and 
from the arctangent We calculate the angle is 45 degrees. The 
direction is opposite the direction of tilt, or 180 degrees out 
of phase. The phase shift can be compensated for by adding 
180 degrees, making the direction 225 degrees (45+180), or 
preferably, by setting up the Wheatstone bridge so that the 
signal compensates for the phase shift. With the latter set up, 
the Wheatstone bridge signal for the hypothetical case 
Would be —2 volt for the x axis and -2 volts for the y axis. 
Therein, unambiguously, indicating that the direction of tilt 
is in the third quadrant, and is 225 degrees. The magnitude 
is calculated by taking the arctangent of the resultant divided 
by the WindoW—tether length, or 5.37 degrees tan“1 (1.41/ 
15.00). 
[0032] It is anticipated that it may be preferable to set the 
circuit up so that the signal is offset, or so that the sign of the 
signal be reversed. It is also anticipated the signal can be 
analog or digital. The foregoing hypothetical case Was 
designed merely to be illustrative that the detector can 
generate a signal that correlates to spatial coordinates. 



US 2002/0184775 A1 

[0033] The sensors of the photodetector can be photocon 
ductive cells, photodiodes, or phototransistors. Photocon 
ductive cells are preferred sensors for Wheatstone balance 
bridge circuits. 

[0034] It is anticipated that under some circumstances it 
may be desirous to change the response to tilt, and the ?uid 
mechanics of the invention Will favor another shaped ?ota 
tion collar, or a liquid of different density or viscosity. For 
instance a larger sphere Weighted to have no net increase in 
buoyancy Would move sloWer through the liquid because of 
increased ?uid drag. Expanding on that idea, the sphere 
could be symmetrically ?tted With ?ns that Would create 
even more drag. A ?otation collar having a mushroom shape 
might be more sensitive to small changes in pressure and 
could have a faster response. A liquid having a loWer 
viscosity Would tend to have a faster response than a higher 
viscosity liquid. Aliquid having a higher density Would have 
a faster response, if the viscosity Were substantially the 
same. For example, contrast pure Water versus Water loaded 
With metal salts. The Water With metal salts could have a 
much higher density, and the same ?otation collar Would be 
much more buoyant. 

[0035] It is further anticipated that the apparatus is main 
tained With some temperature control, to improve reproduc 
ibility, and to ensure that the orientation device is not 
damaged. Under some severe Weather circumstances the 
liquid could expand or contract enough to damage the 
apparatus. For instance if pressure increased Within the 
chamber the effect of gravity Would be diminished, and if 
pressures became high enough the ?otation collar Would 
collapse. When the invention is used outdoors it is ?tted With 
a protecting housing such that there is some temperature 
control and protection from the elements. It is anticipated 
that the instant invention could be ?tted With pressure 
release plugs or diaphragms. The preferred invention has a 
machined recess covered With a ?exible diaphragm to alloW 
for pressure changes in the liquid. The machined recess acts 
as a small expansion chamber. 

[0036] It is anticipated that the invention can be used 
under static conditions and under dynamic conditions. In 
general, static conditions are those Where it is experiencing 
negligible acceleration other than gravity, and dynamic 
conditions refer to those Wherein other forces are signi?cant. 
An example of the latter, is When the orientation device is 
experiencing is signi?cant angular velocity. Under these 
conditions, the forces can be resolved, as gravity is constant. 

[0037] It is anticipated that the invention can be ?tted With 
a timing mechanism such changes in orientation can be 
correlated to a ?nite time period. 

[0038] BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1 is a side vieW of the invention, Wherein the 
interior elements are shoWn in ghost. The invention is shoWn 
With no tilt. 

[0040] FIG. 2 is also a side vieW of the invention, Wherein 
the interior elements are shoWn in ghost. The invention is 
tilted three degrees. 

[0041] FIG. 3 is perspective exploded vieW of the orien 
tation device. 

[0042] FIG. 4 is a diagrammatic vieW that depicts hoW the 
point light and cable move respective to a change in tilt. 
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[0043] FIG. 5 is a diagrammatic vieW of the photodetector 
illustrating hoW the sensor array is able to determine posi 
tion using light intensity. 

DETAILED DESCRIPTION OF THE 
PREFERRED ILLUSTRATED EMBODIMENT 

[0044] Apreferred embodiment of the orientation device 1 
is shoWn in FIG. 1. The apparatus is shoWn from a side vieW, 
and the Working elements are shoWn in ghost. There is a 
loWer chamber 2, and superimposed on the loWer chamber 
is an upper chamber 3. In the embodiment shoWn in FIG. 1, 
both the loWer chamber 2 and the upper chamber 3 are 
cylindrical, so that in effect there is a chamber Within a 
chamber. The side Wall of the cylindrical loWer chamber is 
labeled 13, and the side Wall of the cylindrical upper 
chamber is labeled 14. The side Walls of both chambers rest 
on a base 11. The top of the loWer chamber has a WindoW 10, 
Where this WindoW accounts for most of the ?oor of the 
upper chamber. The top-side of the WindoW is treated so that 
light emanating from the WindoW is diffused, and is isotro 
pic. Above the WindoW 10 there is approximately 25 mm of 
head space. Diffusing the light has the effect of taking light 
that is focused into a beam, and spreading it out, so that the 
light appears more like a point of light, With light emanating 
in all directions, versus a beam of light that Would be 
focused in one direction. An analogy Would be a spotlight 
versus a light bulb. The light bulb can be readily seen from 
any direction, While the spotlight is only bright in one 
direction. The loWer chamber 2 is completely ?lled With a 
liquid 8. The liquid is a mixture of distilled, deioniZed Water, 
~90%, ethylene glycol, 10%, and a ?uorinated nonionic 
surfactant, 0.002%. The inside dimensions of the loWer 
chamber are 57.15 mm high and 53.97 mm in diameter. The 
upper chamber is 82.55 mm high and 60.20 mm in diameter. 
MiniaturiZed versions of the embodiment are anticipated. 
There is a ?ber optic cable 4 extending upWard from the base 
11 to a point just short of contacting the bottom side of the 
WindoW 10. The cable is tethered and sealed at 12, and 
extends into a sub-compartment 18 Within the base 11. The 
source end of the ?ber optic cable is coupled to an LED 12. 
Refer to FIG. 3 to see the sub-compartment 18, and also the 
socket 19 for the LED and the LED cover 17. The ?ber optic 
cable 4 has a ?otation collar located very near the exit end 
of the cable. The ?otation collar is a 10 mm diameter sphere 
5. The cable passes through the center of the sphere 5, Which 
is holloW and protrudes out the opposite side, terminating in 
the exit end. In FIG. 1 the apparatus is not tilted, and the 
sphere, and hence the exit end of the cable are positioned in 
the center of the WindoW. The top of the upper chamber 3 has 
a ceiling 16, to Which is mounted the photodetector 7. The 
photodetector 7 consists of an array of photoconductivity 
sensors 7a-7d, that are mounted on a circuit board 20. The 
sensors are positioned above and on the periphery of the 
WindoW. The sensors are combined electronically as pairs in 
a Wheatstone balanced bridge. Physically, individual sen 
sors are at opposite ends, so that an x pair 7a and 7b detects 
light along the x axis, and the y pair 7c and 7d along the y 
axis. Just as in rectangular coordinates, the x pair is orthogo 
nal to the y pair. The output signal from the photodetector is 
fed through Wires 15. 

[0045] FIG. 2 is a vieW similar to FIG. 1, albeit the 
orientation device 1 is tilted. The magnitude of tilt is 3 
degrees, and the direction is approximately 210 degrees. 
Note the position of the sphere and the exit end of the cable 
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has shifted to the right in response to the tilt. The point light 
9 has moved to the right about 3 mm. 

[0046] Tilt, Which is a three dimensional component, is 
de?ned in a tWo dimensional format using units of direction 
and magnitude. The units can be expressed either in a scalar, 
an angular or a polar format. When observing an object that 
is tilted, the observer has to take into account his perspec 
tive. In the case of the instant invention, the photodetector 7, 
is the observer, and the perspective is substantially overhead. 
The perspective of the draWing shoWn in FIG. 2 is from the 
side, and so is not particularly useful for determining the 
direction of tilt. Abetter vantage position is shoWn diagram 
matically in FIG. 4. The angular component of tilt is shoW 
by line 31, and the corresponding movement of the cable 4 
is shoWn by line 37. FIG. 5 shoWs the perspective of the 
sensors 7a, 7b, 7c and 7d, as they see the point light 9. The 
point light 9 direction is 30 degrees, or 180 degrees out-of 
phase With the tilt. As shoWn in FIG. 5 and FIG. 2, When the 
orientation device is tilted, the position of the point light 9 
shifts from the center, the original true vertical 30, to a neW 
true vertical 37. The direction of tilt is de?ned by the (y,x) 
position. The magnitude 33 is calculated using the arctan 
gent of resultant 38 divided by line 30. In the case of the 
illustrated embodiment, the length of 1030 is constant, so the 
length of the resultant Would have a corresponding angular 
value that could be pre-calculated and stored in a lookup 
table. Resultant 38 has the same length as line 32. 

[0047] FIG. 5 diagrammatically depicts hoW the photo 
detector converts a photosensitivity property into tilt. Axial 
sensor pair 7a and 7b are photoconductivity cell sensors, and 
they are in half of a Wheatstone balanced bridge circuit. 
When the point light 9 is in the center of the WindoW, then 
both sensors are seeing the same intensity of light because 
they are equidistant from the point light. The Wheatstone 
bridge is balanced because the resistance is equal and there 
is no voltage. In FIG. 5, the point light is closer to sensor 7a 
than to sensor 7b, therefore the resistance of sensor 7a is less 
than the resistance of sensor 7b, and the Wheatstone bridge 
is unbalanced and there is a voltage increase. The magnitude 
of the voltage is a function of the relative resistance of the 
tWo sensors. If the point light Were closer to sensor 7b, then 
the voltage Would have an opposite sign, because the resis 
tance for 7b Would be loWer that for 7a. The intensity or 
luminance that the sensor experiences is a function of hoW 
close the sensor is to the light. A condition of this relation 
ship is that the light be isotropic. The same circuit is set up 
for sensors 7d and 7c for the y axis. Note, by comparing the 
results for the x axis and the y axis, a resultant 38 can be 
determined, and this correlates to a direction and magnitude. 

[0048] The circuit of the preferred embodiment generates 
an analog signal, so that there is a continuous readout out of 
the tilt. The signal lends itself to making dynamic determi 
nations of the instantaneous tilt, Which can tell the user a 
number of useful parameters about a system. It is anticipated 
that the same concept can also be applied using other 
photodetector systems. 

1. An apparatus for determining the orientation With 
respect to gravity, Where the apparatus consists of: 

a loWer chamber that is ?lled With a liquid, and an upper 
chamber that is superimposed on the loWer chamber, 
Where said loWer chamber and said upper chamber 
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share a light communicating Wall, Where said light 
communicating Wall is a WindoW; 

a light transmitting cable that is transmitting light through 
the cable, Wherein said cable has a source end Which is 
an entrance point for the light, and an exit end that has 
an emitting light, and Where said exit end is ?tted With 
a ?otation collar; 

a light source; 

a photodetector producing an electronic signal, Where said 
photodetector has a supporting electronic circuit, Where 
said electronic signal correlates to an intensity and a 
spatial coordinate; 

Wherein, the source end of the cable passes through a 
bottom Wall of the loWer chamber and is sealed to the 
bottom Wall such that the cable is substantially verti 
cally tethered to the bottom Wall at a position that is 
substantially central and opposite to the WindoW, and 
Wherein the cable is tensioned by the ?oatation collar 
submerged in and buoyed by the liquid such that the 
cable is substantially straight, and long enough such 
that the exit end of the cable is in close proximity to the 
WindoW; 

Wherein the light source delivers light to the source end of 
the cable, the cable conveys the light to the exit end, 
and the emitting light projects a point light at the 
WindoW; 

Wherein, the upper chamber has a ceiling Wall opposite 
the WindoW, Where on the ceiling Wall is mounted the 
photodetector, Where said photodetector is in a plane 
parallel to the WindoW, Where said electronic signal of 
the photodetector is speci?c to a position for the point 
light at the WindoW; 

Whereas, When the apparatus experiences an effective tilt, 
said tilt having both a direction and a magnitude, there 
is an equal and opposite response by the cable at the 
exit end, Which causes the position of the point light to 
move to a neW position, and the photodetector detects 
the neW position and therein generates a neW electronic 
signal, Where the intensity and spatial coordinates of 
the point light correspond to the magnitude and direc 
tion of tilt. 

2. An apparatus as claimed in claim 1 Wherein said 
photodetector is of a light-detecting sensor, or tWo or more 
sensors, Wherein said sensors can be photoconductive cells, 
photodiodes, or phototransistors. 

3. The sensors as claimed in claim 2 Wherein said sensors 
are symmetrically mounted in pairs on orthogonal coordi 
nate axes, Wherein a ?rst pair of sensors forms an x-axis, and 
a second pair of sensors forms ay-axis of rectangular coor 
dinate system, and each pair is electrically connected in a 
‘half’ Wheatstone bridge circuit, such that the signal de?nes 
the position on the rectangular coordinate system. 

4. The apparatus as claimed in claim 1, Wherein said light 
source is a light emitting diode. 

5. The apparatus as claimed in claim 1 Wherein the 
preferred liquid, for a fast response to tilt, is a loW viscosity 
liquid, Wherein the viscosity is preferably equal to or less 
than the viscosity of Water. 

6. The apparatus as claimed in claim 1, Wherein the 
supporting circuit for the photodetector contains a tempera 
ture compensation component to electronically compensate 
for temperate changes. 
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7. The apparatus as claimed in claim 1, wherein the 
apparatus is housed in a temperature controlled environ 
ment. 

8. The apparatus as claimed in claim 1, Wherein said 
apparatus has an adjustable false tether, Where said false 
tether enables the cable to have an adjustable effective 
length. 

9. The apparatus as claimed in claim 1, Wherein said 
WindoW has a laminating ?lm With a gradient printed on the 
?lm. 

10. The apparatus as claimed in claim 1, Wherein said 
cable is preferably a ?ber optic cable. 

11. The apparatus as claimed in claim 1, Wherein said 
?otation collar is a holloW sphere through Which center the 
cable passes. 

12. The apparatus as claimed in claim 1, Wherein said 
WindoW diffuses light passing through it, and causes it to be 
isotropic. 

13. An apparatus for determining the orientation With 
respect to gravity, Where said apparatus consists of 

a loWer chamber that is ?lled With a liquid, and an upper 
chamber that is superimposed on the loWer chamber, 
Where said loWer chamber and said upper chamber 
share a light communicating Wall, Where said light 
communicating Wall is a WindoW, and said WindoW has 
an upper surface that is treated so as to diffuse light and 
cause it to be isotropic; 

a ?ber optic cable, Wherein said cable has a source end 
Which is an entrance point for the light, and an exit end 
that has an emitting light, and Where said exit end is 
?tted With a ?otation collar; 

a light source; 

a photodetector having tWo pairs of sensors Which are 
equidistantly arranged in a circular con?guration, 
Where a ?rst pair of sensors are aligned along an 
abscissa coordinate, and a second pair of sensors are 
aligned along an ordinate coordinate, Where both pairs 
of sensors produce an electronic signal, Where a ?rst 
electronic signal is an analog signal produced by a ?rst 
Wheatstone balanced bridge circuit in Which the ?rst 
pair of sensor are in the circuit, and the voltage and the 
sign of the signal is a function of the relative proximity 
to the point light, and the second electronic signal is 
produced by a second Wheatstone balanced bridge 
circuit generating a similar signal for the ordinate; 
Whereby comparing the ?rst electronic signal to the 
second electronic signal, a direction and magnitude of 
tilt can be determined; 

Wherein, the source end of the cable passes through a 
bottom Wall of the loWer chamber and is sealed to the 
bottom Wall such that the cable is substantially verti 
cally tethered to the bottom Wall at a position that is 
substantially central and opposite to the WindoW, and 
Wherein the cable is tensioned by the ?oatation collar 
submerged in and buoyed by the liquid, such that the 
cable is substantially straight, and long enough such 
that the exit end of the cable is in close proximity to the 
WindoW; 

Wherein the light source delivers light to the source end of 
the cable, the cable conveys the light to the exit end, 
and the emitting light projects a point light at the 
WindoW; 
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Wherein, the upper chamber and the loWer chamber are 
cylindrical and share a base, and the loWer chamber is 
enclosed by the upper chamber creating a head space 
above the loWer chamber, Where the upper chamber has 
a ceiling Wall opposite the WindoW, Where on the 
ceiling Wall is mounted the photodetector, Where said 
photodetector is in a plane parallel to the WindoW; 

Whereas, When the apparatus experiences an effective tilt, 
there is an equal and opposite response by the cable at 
the exit end, Which causes the position of the point light 
to move to a neW position, and the photodetector 
detects the neW position and therein generates a neW 
electronic signal, Where the intensity and spatial coor 
dinates of the point light correspond to the magnitude 
and direction of tilt. 

14. The apparatus as claimed in claim 13, Wherein said 
light source is an light emitting diode. 

15. An apparatus as claimed in claim 1 for measuring the 
rate of change of orientation, Wherein said apparatus has a 
timing device and a means for recording the orientation With 
respect to time, Whereas said apparatus is useful for resolv 
ing acceleration into components, Where one of the compo 
nents is gravity. 

16. The invention is an apparatus for determining the 
orientation With respect to gravity, Where the apparatus 
consists of: 

a loWer chamber that is ?lled With a liquid, and an upper 
chamber that is superimposed over the loWer chamber, 
Where the loWer chamber and the upper chamber share 
a light communicating Wall, Where said light commu 
nicating Wall is 

a WindoW; 

a light transmitting cable that is transmitting light through 
the cable, Wherein said cable has a source end Which is 
an entrance point for the light, and an exit end that has 
an emitting light, and Where the exit end is ?tted With 
a ?otation collar; a light source; 

an observing means for detecting the position of the 
emitting light; 

Wherein, the source end of the cable passes through a 
bottom Wall of the loWer chamber and is sealed to the 
bottom Wall such that the cable is substantially verti 
cally tethered to the bottom Wall at a position that is 
substantially central and opposite to the WindoW, and 
Wherein the cable is tensioned by the ?oatation collar 
submerged in and buoyed by the liquid such that the 
cable is substantially straight, and long enough such 
that the exit end of the cable is in close proximity to the 
WindoW, Where the exit end of the cable is buoyed to 
seek a loWest pressure point; 

Wherein the light source delivers light to the source end of 
the cable, the cable conveys the light to the exit end, 
and the emitting light projects a point light at the 
WindoW; 

Wherein, the upper chamber has a ceiling Wall opposite 
the WindoW and in the upper chamber, and preferably 
in the ceiling Wall, is located the observing means that 
can detect the exact planar position of the point light, 
and, optionally, can generate an appropriate electronic 
signal that describes the position; 
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Whereas, When the apparatus experiences an effective tilt, 
the lowest pressure point shifts, and the cable adjusts its 
angle to the neW loW pressure point, Which accordingly 
causes the point light to move to a neW position, and the 
neW position is detected by the observing means. 

17. The apparatus as claimed in claim 16, Wherein said 
light source is an light emitting diode. 
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18. The apparatus as claimed in claim 16 Wherein said 
observing means is a visual eye portal or lens or an instru 
rnental means. 

19. The invention as claimed in claim 18, Wherein said the 
instrumental means is a television, video, photographic, or 
digital cameras or other light detecting device. 

* * * * * 


