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STATEMENT OF GOVERNMENT INTEREST

[0001] The invention was made with United States Government support under
Contract No. DAAHOI-03-C-O0OI0O awarded by the Army. The United States

Government has certain rights in this invention.

RELATED APPLICATIONS

[0002] This application claims the benefit of U.S. Provisional Application No.
61/322,320, filed April 9, 2010, herein incorporated by reference in its entirety for

all purposes.
FIELD OF THE INVENTION

[0003] The invention relates to the field of data communications, and more
particularly to data communication interfaces which provide communication

between modules which are subject to rotation relative to each other.
BACKGROUND OF THE INVENTION

[0004] Communication is often desirable between linked modules which are
subject to rotation relative to each other. For example, communication may be
desired through a linkage that includes a ball-joint or a gimbal, or communication
may be desired between two modules that thread together, whereby the process of
threading one module into the other during assembly could lead to twisting,
kinking, and possibly breaking of conventional wires. In particular, it is

sometimes desirable for a plurality of data transmitting sources, such as sensing
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and monitoring circuits, to communicate with a receiving destination, such as to a
system control module. In various circumstances, the plurality of data
transmitting sources may not share a common power supply or ground with each
other and/or with the data receiving destination, such that electrical

interconnection therebetween could be problematic.

[0005] One approach to enabling such communication is to provide lengths of
wire or fiber optics which are preconfigured to withstand the mechanical motion
required. For example, if two sections are be joined by threading them together,
then the connecting wires can be pre-wound in the opposing direction, so that they
are unwound as the two sections are joined. However, these approaches are
subject to wires or fiber optics being kinked, tangled, and or stretched as the

sections are joined.

[0006] Another approach to providing such communication is to use
mechanically slidable connections such as slip rings, but these are subject to wear
and are generally unreliable. And if the data transmitting sources do not share a
common ground or power supply with each other and/or with the data receiving
destination, direct electrical connection can lead to ground-loops and to other

forms of electrical noise and interference.

[0007]  Another approach is to transmit signals over a wireless radio link such
as a wireless network. However, for many applications this approach is too
complex, too expensive, and too unreliable, and can also be prone to electronic

interference from outside sources.

[0008] Yet another approach is to use an optical data link, whereby optical
signals, for example from one or more light-emitting diodes, are transmitted by
data transmitting sources in one of the modules and are detected by an optical
detector cooperative with the data receiving destination located in the other
module. It will be understood that the use of the term “optical” herein is not
limited to visible light, but is used herein to refer to all frequencies of light,

including light in the visible, infra-red, and near ultra-violet bands. However,
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maintaining alignment between the sources and the detector can be difficult. One
approach is to position the light source and detector along a mutual rotation axis
shared by the two modules. However, this is not always convenient, and is

problematic when there is a plurality of data transmitting sources.

[0009] US patent 4,753,506 to Einhorn teaches a solution wherein a plurality of
off-axis LED’s fixed to one module transmit signals to a single off-axis detector
fixed to the other module, whereby the LED’s and detector are arranged such that
light from at least one of the LED’s will always be detected by the detector
regardless of the relative angular orientation between the modules. However, the
approach of Einhorn is not easily extended to cases where it is necessary for a

plurality of sources to communicate with a single receiver.

[0010] What is needed, therefore, is a data communication interface which
provides eclectrically isolated signal communication between a plurality of
transmitting sources cooperative with a transmitting module to a common signal
receiving destination cooperative with a receiving module, the transmitting
module and the receiving module being subject to rotations relative to each other

about a shared axis.
SUMMARY OF THE INVENTION

[0011] The present invention is an optical communication interface which
enables electrically isolated optical data transmission from a plurality of data
sources cooperative with at least one transmitting module to a common optical
signal detector cooperative with a receiving module, the modules being subject to

rotations relative to each other about a shared rotation axis.

[0012] In some embodiments, the common optical signal detector is located on
the shared rotation axis, while at least some of the plurality of optical sources are
offset from the shared rotation axis, all of the optical sources being directed

toward the common detector such that the light beams from all of the sources
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impinge on the detector regardless of the relative orientations of the modules

about the shared axis.

[0013] In other embodiments, the detector is not necessarily on the shared
rotation axis, and the light from the optical sources is diffused, so that some light
from each of the sources reaches the detector no matter where the sources and the
detector are located, and no matter how their relative positions vary as the

transmitting and receiving modules are rotated relative to each other.

[0014] The communication interface includes a source-distinguishing
mechanism which distinguishes between transmissions of the plurality of optical
signal sources by one or more of several methods. In some embodiments, the
timings of the transmissions are controlled and synchronized, so that transmissions
do not overlap, and so that the detector can distinguish the origin of each signal
according to its timing. In other embodiments, the optical sources transmit at
different baud rates. In still other embodiments source-identifying data, such as
an identifying data header, is encoded into each signal. In yet other
embodiments, the optical sources transmit on different optical frequencies and/or
with different circular polarizations. In some of these embodiments, the detector
splits the detected light into a plurality of beams which pass through separate

optical filters and are thereby distinguished from one another.

[0015] Of course, because the transmissions are optically coupled, the sources
and the detector do not need to share a common clectrical ground or a common

electrical voltage source.

[0016] One general aspect of the present invention is an optical communication
interface for multi-source communication of data from a transmitting module to a
receiving module, the modules being subject to rotation relative to each other
about a shared rotation axis. The interface includes an optical detector
cooperative with the receiving module, a plurality of optical transmission sources,
cach of the optical transmission sources being cooperative with one of the

transmitting modules, each of the optical transmission sources being able to
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encode data onto light transmitted by the optical transmission source and detected
by the optical detector, and a data-distinguishing mechanism which is able to
separate and distinguish the data received by the optical detector from each of the

optical transmission sources.

[0017] In embodiments, the optical detector is located along the shared rotation
axis and at least one of the optical transmission sources is offset from the shared
rotation axis. And in some of these embodiments at least one of the optical
transmission sources is configured to transmit a directed beam of light onto the
optical detector, the directed beam remaining directed onto the optical detector at

all relative rotational orientations of the transmitting and receiving modules.

[0018] In various embodiments, light transmitted by at least one of the optical
transmission sources is diffused, so that the data encoded onto the diffused light is
received by the optical detector regardless of the relative rotational orientations of

the transmitting and receiving modules.

[0019] Certain embodiments further include a light diffuser located between the
optical transmission source and the optical detector, so as to diffuse light
transmitted by at least one of the optical transmission sources and thereby ensure
that the light transmitted by the optical transmission source is received by the

optical detector.

[0020] In some embodiments the source-distinguishing mechanism includes a
beam timing discriminator. In other embodiments, the source-distinguishing
mechanism includes a baud rate discriminator. In still other embodiments the
source-distinguishing mechanism includes a light frequency detector. And in yet
other embodiments the source-distinguishing mechanism includes a light circular

polarization state detector.

[0021] In various embodiments at least one of the optical transmission sources
includes a light emitting diode (LED). And in certain embodiments the light

transmitted by at least one of the optical transmission sources is infra-red light.
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[0022] In some embodiments at least one of the optical transmission sources
includes a time-out mechanism which is configured to prevent emission of light
from the optical transmission source after a specific time period if the optical
transmission source fails in a transmitting mode. And in some of these
embodiments the time-out mechanism includes a multivibrator which is triggered

by data pulses received from the optical transmission source.

[0023] In certain embodiments the optical transmission sources do not share a

common ground.

[0024] Various embodiments further include a second plurality of optical
detectors cooperative with the transmitting modules, a second optical transmission
source cooperative with the receiving module, and a diffusing mechanism
configured to diffuse light emitted by the second optical transmission source so as
to cause the light emitted by the second optical transmission source to impinge

upon all of the second plurality of optical detectors.

[0025]  Another general aspect of the present invention is a method for multi-
source communication of data from at least one transmitting module to a receiving
module, the modules being subject to rotation relative to each other about a shared
rotation axis. The method includes providing an optical detector cooperative with
the receiving module, providing a plurality of optical transmission sources, at each
of the optical transmission source being cooperative with one of the transmitting
modules, transmitting light from the optical transmission sources, the light having
the data encoded thercon, detecting the light transmitted by the optical
transmission sources using the optical detector, and distinguishing the data

transmitted by each of the light transmission sources.

[0026] In various embodiments, providing the optical detector includes locating
the optical detector along the shared rotation axis. And in some of these
embodiments transmitting light includes transmitting of by at least one of the

optical transmission sources of a directed beam of light onto the optical detector,
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the directed beam of light remaining directed onto the optical detector at all

relative rotational orientations of the transmitting and receiving modules.

[0027] In certain embodiments transmitting light includes transmitting diffused
light, so that the data encoded onto the diffused light is received by the optical
detector regardless of the relative rotational orientations of the transmitting and
receiving modules. In some of these embodiments transmitting diffused light
includes transmitting by the optical transmission source of diffused light. And in
other of these embodiments transmitting of diffused light includes directing of
light through a light diffuser located between the optical transmission source and

the optical detector.

[0028] In embodiments, transmitting light includes transmitting light at a first
frequency from a first optical transmission source of the plurality of optical
transmission sources and transmitting light at a second frequency from a second
optical transmission source of the plurality of optical transmission sources, and
distinguishing the data includes distinguishing between the frequencies of the

light transmitted from the first and second optical transmission sources.

[0029] In various embodiments transmitting light includes transmitting light at
two distinct circular polarization states by two of the optical transmission sources,
and distinguishing the data includes distinguishing data transmitted by the two

optical transmission sources by distinguishing the circular polarization state of the

light from each source.

[0030] In certain embodiments transmitting light includes transmitting data at
two distinct baud rates by two of the optical transmission sources, and

distinguishing the data includes distinguishing the baud rates of the data.

[0031] In some embodiments transmitting light includes transmitting light in
separated timing intervals, at least two of the optical transmission sources being
synchronized so as to ensure that the two sources do not transmit light at the same

time, and distinguishing the data includes distinguishing data transmitted by the
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two optical transmission sources according to the timing intervals of the

transmitted light.

[0032] In other embodiments transmitting light includes encoding source-
identifying data in the transmitted light from at least two of the optical
transmission sources, and distinguishing the data includes distinguishing data
transmitted by the two optical transmission sources according to the source-

identifying data encoded in the transmitted light.

[0033] In various embodiments transmitting light includes transmitting light
from at least one light emitting diode (LED). And in certain embodiments

transmitting light includes transmitting infra-red light.

[0034] Certain embodiments further include providing a time-out mechanism
configured to prevent emission of light from at least one of the optical
transmission sources after a specified time period if the optical transmission
source fails in a transmitting mode. And in some of these embodiments the time-
out mechanism includes a multivibrator which is triggered by data pulses received

from the optical transmission source.

[0035] Various embodiments further include providing a second plurality of
optical detectors cooperative with the transmitting modules, providing a second
optical transmission source cooperative with the receiving module, transmitting
light from the second optical transmission source, diffusing the light transmitted
by the second optical transmission source so as to cause the light transmitted by
the second optical transmission source to impinge upon all of the second plurality
of optical detectors, and detecting the light transmitted by the second optical

transmission source using the second plurality of optical detectors.

[0036] The features and advantages described herein are not all-inclusive and,
in particular, many additional features and advantages will be apparent to one of
ordinary skill in the art in view of the drawings, specification, and claims.

Moreover, it should be noted that the language used in the specification has been
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principally selected for readability and instructional purposes, and not to limit the

scope of the inventive subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Figure 1A is a perspective view of an embodiment of the invention that

includes two off-axis sources which transmit to a common on-axis detector;

[0038] Figure 1B is a side illustration of an embodiment of the invention
wherein two off-axis sources emit diffused light which is detected by a common

on-axis detector;

[0039] Figure 1C is a side illustration of an embodiment of the invention
wherein two off-axis sources emit diffused light which is detected by a common

off-axis detector;

[0040] Figure 1D is a side illustration of an embodiment of the invention
similar to Figure 1A but further including an optical source cooperative with the
data receiver and a plurality of optical detectors cooperative with the data

transmitting modules;

[0041] Figure 2 is a flow diagram which illustrates an embodiment having a

plurality of sources in communication with a common detector;

[0042]  Figure 3 is a flow diagram illustrating an embodiment in which a
missile system monitoring interface and a guidance module both transmit data to a

common optical detector;

[0043] Figure 4 illustrates a timing control method used to prevent signal
overlap and enable distinguishing of the signals from the two optical sources of

Figure 3; and

[0044] Figure 5 illustrates a multi-vibrator circuit which is used to prevent
failure of one optical source from blocking transmissions from other optical

sourccs.
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DETAILED DESCRIPTION

[0045] With reference to Figure 1A, the present invention is a communication
interface which enables optical communication between two or more modules 100,
102 which are subject to rotation relative to each other about a shared rotation axis
104. The communication interface includes a common optical detector 106 which
is cooperative with the receiving module 100 and a plurality of optical
transmission sources 108, each of which is cooperative with one of the
transmitting modules 102, and at least one of which is offset from the shared
rotation axis 104. In the embodiment of Figure 1A, the optical detector 106 is
located on the shared rotation axis 104, and the optical transmission sources 108
are directed toward the common detector 106, so that light 112 transmitted from
the sources 108 will impinge on the detector 106 regardless of rotations of one
module 100 relative to the other 102. In the specific embodiment of Figure 1A,
two sources 108 are located on a ring 110 which is fixed to a single transmitting

module 102 and is coaxial about the shared rotation axis 104.

[0046] Figure 1B is a simplified side view of an embodiment wherein the
optical transmission sources 108 emit diffused light 112, either due to the nature
of their design or due to placement of a diffuser (not shown) in the optical path.
Due to the diffusion of the light 112, light from each of the optical transmission
sources 108 will be detected by the optical detector 106 regardless of the locations
of the sources 108 and detector 106, and regardless of the relative orientation of
the modules 100, 102. In Figure 1B, the optical detector 106 is located on the
shared rotation axis 104. In the embodiment of Figure 1C, the optical detector
106 is offset from the shared rotation axis 104, but is still able to detect light from
both of the optical transmission sources 108, regardless of the relative orientations

of the two modules 100, 102.

[0047] Embodiments of the present invention provide communication from the
data receiving module back to the data transmitting modules by providing a

second plurality of optical transmission sources in communication with the data

10
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receiving module and an optical detector in communication with the data
transmitting modules. With reference to Figure 1D, other embodiments provide
communication from the data receiving module back to the data transmitting
modules by providing a single optical transmission source 114 in communication
with the data receiving module, the optical transmission source having a diffused
output 116, and a plurality of optical detectors 118 in communication with the

data transmitting modules.

[0048] Figure 2 is a flow diagram which illustrates how a plurality of data sets
200 in an embodiment are supplied to LED modules 202, which then transmit the
signals 112 optically to a photoreceiver 204. An automatic gain control and data
recovery module 208 then retrieves the data and distinguishes the data according
to the various sources. In the embodiment of Figure 2, a diffuser 206 is included
near the photoreceiver 204 so as to ensure that the photoreceiver 204 will not be
sensitive to slight misalignments of the optical beams 112. In addition, a plurality
of optical filters 206 is included with the diffuser so as to distinguish beams 112

having different optical frequencies and/or different states of circular polarization.

[0049] In some embodiments, a beam splitter (not shown) is included which
splits each beam 112 into a plurality of beams which are directed through a
plurality of optical filters to a plurality of photodetectors. In this way, each of the
split beams reaches only one detector, depending on its circular polarization

and/or frequency, and the sources of the beams are thereby distinguished.

[0050] In the embodiment of Figure 2, the LED sources 202 include “timeout”

circuits, which are discussed in more detail with reference to Figure 5.

[0051] Figure 3 provides a detailed flow diagram of an embodiment applicable
to a missile. Two data sources 300, 302 are in communication with the common
detector 303. The first data source 300, designated as a “TEX” unit, includes a
PIC16F676 microcontroller 304 with digital data, and powered by a +5V power
source 306, an LED Driver 308, and Timeout circuitry 308 driving an LED 310.

11
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The TEX data source 300 monitors, digitizes, and transmits system voltages of the

missile.

[0052] The second data source 302 transmits data from the guidance computer,
and is powered by a +3.3V power supply, including an LED Driver and Timeout
circuitry 312 driving a second LED 314. This data source 302 transmits data
related to the functioning of the guidance section. The GC TM Sync signal 316
from the guidance system is used for timing synchronization between the two

modules.

[0053]  Figure 4 illustrates the timing synchronization of the embodiment of
Figure 3, whereby transmissions from the guidance computer 302 are interleaved
with transmissions from the TEX unit 300. In the embodiment of Figure 4, the
transmissions are contained within 2 ms transmission periods 400, each of which
begins with a 150-byte buffer 402 from the guidance computer 302 lasting about
1460 us, followed by a 10-byte transmission from the Tex unit 300 lasting about

100 us, the two transmissions being separated by a gap 406 of no more than 10 us.

[0054] Some embodiments of the present invention include timeout circuitry
which will cut off an optical source if it fails in a transmitting mode. This will
prevent the failed source from blocking all communication, and will allow other
sources to continue transmitting to the common detector. In the embodiment of
Figure 5, a multivibrator 500 is triggered by the rising edges of ecach pulse at the B
input, causing a pulse to be emitted at the Q output which enables the LED 502.
However, the pulse emitted at the Q output of the multivibrator 500 has a limited
duration, so that the LED 502 will be disabled after a preset length of time unless
the input at B falls and then rises again. This prevents a failed source from

remaining “on” and thereby causing uninterrupted transmission from the LED 502.

[0055] The foregoing description of the embodiments of the invention has been
presented for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed. Many

modifications and variations are possible in light of this disclosure. It is intended

12
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that the scope of the invention be limited not by this detailed description, but
rather by the claims appended hereto.

13
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CLAIMS
What is claimed is:

1. An optical communication interface for multi-source communication of
data from a transmitting module to a receiving module, the modules being subject
to rotation relative to each other about a shared rotation axis, the interface
comprising:

an optical detector cooperative with the receiving module;

a plurality of optical transmission sources, each of the optical transmission
sources being cooperative with one of the transmitting modules, each of the
optical transmission sources being able to encode data onto light transmitted by
the optical transmission source and detected by the optical detector; and

a data-distinguishing mechanism which is able to separate and distinguish
the data received by the optical detector from each of the optical transmission

sourccs.

2. The optical communication interface of claim 1, wherein the optical
detector is located along the shared rotation axis and at least one of the optical

transmission sources is offset from the shared rotation axis.

3. The optical communication interface of claim 2, wherein at least one of the
optical transmission sources is configured to transmit a directed beam of light
onto the optical detector, the directed beam remaining directed onto the optical
detector at all relative rotational orientations of the transmitting and receiving

modules.

4. The optical communication interface of claim 1, wherein light transmitted
by at least one of the optical transmission sources is diffused, so that the data
encoded onto the diffused light is received by the optical detector regardless of the

relative rotational orientations of the transmitting and receiving modules.

5. The optical communication interface of claim 1, further comprising a light

diffuser located between the optical transmission source and the optical detector,

14
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so as to diffuse light transmitted by at least one of the optical transmission sources
and thereby ensure that the light transmitted by the optical transmission source is

received by the optical detector.

6. The optical communication interface of claim 1, wherein the source-

distinguishing mechanism includes a beam timing discriminator.

7. The optical communication interface of claim 1, wherein the source-

distinguishing mechanism includes a baud rate discriminator.

8. The optical communication interface of claim 1, wherein the source-

distinguishing mechanism includes a light frequency detector.

9. The optical communication interface of claim 1, wherein the source-

distinguishing mechanism includes a light circular polarization state detector.

10.  The optical communication interface of claim 1, wherein at least one of the

optical transmission sources includes a light emitting diode (LED).

11.  The optical communication interface of claim 1, wherein the light

transmitted by at least one of the optical transmission sources is infra-red light.

12.  The optical communication interface of claim 1, wherein at least one of the
optical transmission sources includes a time-out mechanism which is configured to
prevent emission of light from the optical transmission source after a specific time

period if the optical transmission source fails in a transmitting mode.

13.  The optical communication interface of claim 12, wherein the time-out
mechanism includes a multivibrator which is triggered by data pulses received

from the optical transmission source.

14.  The optical communication interface of claim 1, wherein the optical

transmission sources do not share a common ground.

15.  The optical communication interface of claim 1, further comprising:

15
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a second plurality of optical detectors cooperative with the transmitting
modules;

a second optical transmission source cooperative with the receiving
module; and

a diffusing mechanism configured to diffuse light emitted by the second
optical transmission source so as to cause the light emitted by the second optical
transmission source to impinge upon all of the second plurality of optical

detectors.

16. A method for multi-source communication of data from at least one
transmitting module to a receiving module, the modules being subject to rotation
relative to each other about a shared rotation axis, the method comprising:

providing an optical detector cooperative with the receiving module;

providing a plurality of optical transmission sources, at each of the optical
transmission source being cooperative with one of the transmitting modules;

transmitting light from the optical transmission sources, the light having
the data encoded thercon;

detecting the light transmitted by the optical transmission sources using the
optical detector; and

distinguishing the data transmitted by each of the light transmission

sourcces.

17.  The method of claim 16, wherein providing the optical detector includes

locating the optical detector along the shared rotation axis.

18.  The method of claim 17, wherein transmitting light includes transmitting of
by at least one of the optical transmission sources of a directed beam of light onto
the optical detector, the directed beam of light remaining directed onto the optical
detector at all relative rotational orientations of the transmitting and receiving

modules.

19.  The method of claim 16, wherein transmitting light includes transmitting

diffused light, so that the data encoded onto the diffused light is received by the

16
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optical detector regardless of the relative rotational orientations of the

transmitting and receiving modules.

20.  The method of claim 19, wherein transmitting diffused light includes

transmitting by the optical transmission source of diffused light.

21.  The method of claim 19, wherein transmitting of diffused light includes
directing of light through a light diffuser located between the optical transmission

source and the optical detector.

22.  The method of claim 16, wherein transmitting light includes transmitting
light at a first frequency from a first optical transmission source of the plurality of
optical transmission sources and transmitting light at a second frequency from a
second optical transmission source of the plurality of optical transmission sources,
and distinguishing the data includes distinguishing between the frequencies of the

light transmitted from the first and second optical transmission sources.

23.  The method of claim 16, wherein transmitting light includes transmitting
light at two distinct circular polarization states by two of the optical transmission
sources, and distinguishing the data includes distinguishing data transmitted by
the two optical transmission sources by distinguishing the circular polarization

state of the light from each source.

24.  The method of claim 16, wherein transmitting light includes transmitting
data at two distinct baud rates by two of the optical transmission sources, and

distinguishing the data includes distinguishing the baud rates of the data.

25.  The method of claim 16, wherein transmitting light includes transmitting
light in separated timing intervals, at least two of the optical transmission sources
being synchronized so as to ensure that the two sources do not transmit light at the
same time, and distinguishing the data includes distinguishing data transmitted by
the two optical transmission sources according to the timing intervals of the

transmitted light.

17
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26.  The method of claim 16, wherein transmitting light includes encoding
source-identifying data in the transmitted light from at least two of the optical
transmission sources, and distinguishing the data includes distinguishing data
transmitted by the two optical transmission sources according to the source-

identifying data encoded in the transmitted light.

27.  The method of claim 16, wherein transmitting light includes transmitting

light from at least one light emitting diode (LED).

28.  The method of claim 16, wherein transmitting light includes transmitting

infra-red light.

29.  The method of claim 16, further comprising providing a time-out
mechanism configured to prevent emission of light from at least one of the optical
transmission sources after a specified time period if the optical transmission

source fails in a transmitting mode.

30. The method of claim 29, wherein the time-out mechanism includes a
multivibrator which is triggered by data pulses received from the optical

transmission source.

31.  The method of claim 16, further comprising:

providing a second plurality of optical detectors cooperative with the
transmitting modules;

providing a second optical transmission source cooperative with the
receiving module;

transmitting light from the second optical transmission source;

diffusing the light transmitted by the second optical transmission source so
as to cause the light transmitted by the second optical transmission source to
impinge upon all of the second plurality of optical detectors; and

detecting the light transmitted by the second optical transmission source

using the second plurality of optical detectors.

18
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