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(57) A telemetry system with a matrixed telemetry
switch unit array and a method for determining the switch
position of a telemetry switch unit. The switch units in-
clude steering diodes and parallel signal paths each with
unique resistance values. The signal paths correspond
to switch positions and are closed when the switch unit
is in the corresponding switch position. A signal source
is electrically connected to an input current path and out-

put current path of the array with a corresponding telem-
etry switch unit coupled into the signal path. A plurality
of sensing signals are applied through the array and the
resultant signals are measured. The switch position is
determined from the resultant signals indicating the re-
sistance value of the switch signal path currently coupled
into the array signal path while accounting for the voltage
drop of the steering diodes
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Description

FIELD

[0001] The present subject-matter relates generally to telemetry, and more particularly to resistive telemetry with a
matrix topology.

INTRODUCTION

[0002] The following is not an admission that anything discussed below is part of the prior art or part of the common
general knowledge of a person skilled in the art.
[0003] Telemetry relates to the collection of data and/or measurements from remote components. For example, te-
lemetry may be used to collect data from monitored components such as sensors. Telemetry may also be used to provide
feedback on the current state or operating conditions of monitored components. For example, telemetry may be used
to monitor the switch positions of a plurality of switches in a switching network.
[0004] Telemetry signals can be collected using signal wires running between a controller and telemetry units corre-
sponding to each of the monitored components. Each telemetry unit may have a telemetry switch with multiple switch
positions that correspond to different measured values and/or operating conditions of the monitored component. The
switch position of a telemetry switch unit can change depending on the state of the monitored component. Telemetry
signals may be used to detect the telemetry switch position, and in turn determine the state of the monitored component.

SUMMARY

[0005] This summary is intended to introduce the reader to the more detailed description that follows and not to limit
or define any claimed or as yet unclaimed invention. One or more inventions may reside in any combination or sub-
combination of the elements or process steps disclosed in any part of this document including its claims and figures.
[0006] In general, the present application relates to a telemetry system with a matrixed telemetry switch unit array and
methods for determining the switch position of a telemetry switch unit. The switch units can include steering diodes and
parallel switch signal paths each with unique resistance values. The switch signal paths correspond to switch positions
and are closed when the switch unit is in the corresponding switch position. A signal source can be electrically connected
to an input current path and output current path of the array with a corresponding telemetry switch unit coupled into the
array signal path. A plurality of sensing signals can be applied through the array and the resultant signals can be
measured. The switch position can determined from the resultant signals indicating the resistance value of the switch
signal path currently coupled into the array signal path while accounting for the voltage drop of the steering diodes.
[0007] The embodiments described herein provide in a first broad aspect a method for determining a particular switch
position of a particular telemetry switch unit within a telemetry switch array. The switch array can include a plurality of
telemetry switch units. Each telemetry switch unit can have a switch current input, a switch current output, a plurality of
switch positions and at least one isolation diode in a current path between the switch current input and the switch current
output. The array can include a plurality of input current paths with each input current path coupled to the switch current
input of a first plurality of telemetry switch units from the plurality of telemetry switch units. The array can also include a
plurality of output current paths with each output current path coupled to the switch current output of a second plurality
of telemetry switch units from the plurality of telemetry switch units. The method can include applying a plurality of
electrical sensing signals to an array current path of the telemetry switch array. The array current path can be defined
from a particular input current path to a particular output current path through the current path of the particular telemetry
switch unit. Each electrical sensing signal can have a different signal level. The method can also include measuring a
plurality of resultant electrical signals across the array current path, with each measured resultant electrical signal
corresponding to one of the electrical sensing signal; and determining the particular switch position of the particular
telemetry switch unit from the plurality of measured resultant electrical signal where the plurality of measured resultant
electrical signal correspond to a resistance value of a resistive component coupled into the current path through the
particular telemetry switch unit.
[0008] In some embodiments, the method may include determining the particular switch position by determining at
least one signal value for the array current path from the plurality of measured resultant electrical signals; and determining
the particular switch position by comparing each signal value to at least one switch threshold signal value stored for the
particular telemetry switch unit.
[0009] In some embodiments, the at least one switch threshold signal value stored for the particular telemetry switch
unit may include a plurality of switch threshold signal values defining a plurality of threshold signal ranges. The method
may further include measuring the plurality of measured resultant electrical signals to include a first measured resultant
electrical signal and a second measured resultant electrical signal; determining the at least one signal value as a signal
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difference between the first measured resultant electrical signal and the second measured resultant electrical signal;
identifying a particular threshold signal range by comparing the signal difference to the plurality of switch threshold signal
values stored for the particular telemetry switch unit; and determining the particular switch position as a switch position
corresponding to a position-specific resistance value that corresponds to the particular threshold signal range.
[0010] In some embodiments, the method may further include determining the at least one signal value to include a
plurality of signal values, with each measured resultant electrical signal defining one of the signal values; defining a
plurality of signal threshold markers by comparing each signal value to the at least one threshold signal value stored for
the particular telemetry switch unit where the plurality of signal threshold markers include a signal threshold marker for
each signal value; and determining the particular switch position from the plurality of signal threshold markers.
[0011] In some embodiments, the method may further include determining a threshold marker sequence from the
plurality of signal threshold markers, with each signal threshold marker defining one of the threshold markers in the
sequence; and determining the particular switch position using the threshold marker sequence and a plurality of stored
marker relationships, with each marker relationship defining a relationship between a particular sequence of threshold
markers and a switch position.
[0012] In some embodiments, the number of measured resultant electrical signals in the plurality of measured resultant
electrical signals may correspond to the number of switch positions of the particular telemetry switch unit.
[0013] The embodiments described herein provide in another aspect a telemetry system. The telemetry system can
have a telemetry switch array, an electrical signal source and a controller. The telemetry switch array can include a
plurality of telemetry switch units, a plurality of input current paths, and a plurality of output current paths. Each telemetry
switch unit can have a switch current input, a switch current output, a plurality of switch positions and at least one isolation
diode in a current path between the switch current input and the switch current output. Each switch position may define
the current path as a position-specific current path with a resistive component coupled into the current path between
the switch current input and the switch current output where the resistive component for each switch position has a
position-specific resistance value. Each input current path can be coupled to the switch current input of a first plurality
of telemetry switch units from the plurality of telemetry switch units, and the switch current input of each telemetry switch
unit can be coupled to one of the input current paths. Each output current path can be coupled to the switch current
output of a second plurality of telemetry switch units from the plurality of telemetry switch units, and the switch current
output of each telemetry switch unit can be coupled to one of the output current paths. The electrical signal source can
be electrically connectable to each of the input current paths and each of the output current paths. The electrical signal
source may be operable to provide a plurality of electrical sensing signals to an array current path defined from a particular
input current path to a particular output current path through the current path of a particular telemetry switch unit. The
controller may be operable to measure a plurality of measured resultant electrical signals across the array current path,
with each measured resultant electrical signal being associated with an electrical sensing signal having a different signal
level; and determine the switch position of the particular telemetry switch unit from the plurality of measured resultant
electrical signals where the plurality of measured resultant electrical signals correspond to a particular resistance value
of a particular resistive component coupled into the current path through the particular telemetry switch unit.
[0014] In some embodiments, the system may further include a storage component. The storage component can store
at least one threshold signal, with each telemetry switch unit having a corresponding at least one switch threshold signal
value in the at least one threshold signal value. The controller may be operable to determine the switch position by
determining at least one signal value for the array current path from the plurality of measured resultant electrical signals;
and determining the switch position by comparing each signal value to the at least one switch threshold signal value for
the particular telemetry switch unit.
[0015] In some embodiments, the at least one switch threshold signal value corresponding to the particular telemetry
switch unit may include a plurality of switch threshold signal values defining a plurality of threshold signal ranges with
each threshold signal range corresponding to one of the position-specific resistance values for the particular telemetry
switch unit. The controller may be operable to measure the plurality of measured resultant electrical signals to include
a first measured resultant electrical signal and a second measured resultant electrical signal; determine the at least one
signal value as a signal difference between the first measured resultant electrical signal and the second measured
resultant electrical signal; identify one of the threshold signal ranges by comparing the signal difference to the plurality
of switch threshold signal values stored for the particular telemetry switch unit; and determine the switch position as a
particular switch position corresponding to the particular position-specific resistance value that corresponds to the iden-
tified threshold voltage range.
[0016] In some embodiments, the controller may be operable to determine the at least one signal value to include a
plurality of signal values, with each measured resultant electrical signal defining one of the signal values; define a plurality
of signal threshold markers by comparing each signal value to the at least one threshold signal value stored in the
storage component with the plurality of signal threshold markers including a signal threshold marker for each signal
value; and determine the switch position from the plurality of signal threshold markers.
[0017] In some embodiments, the storage component can store a plurality of marker relationships, with each marker
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relationship defining a relationship between a particular sequence of threshold markers and a particular switch position.
The controller may be operable to determine a threshold marker sequence from the plurality of signal threshold markers,
with each signal threshold marker defining one of the threshold markers in the sequence; and determine the switch
position as one of the particular switch positions using the threshold marker sequence and the stored marker relationships.
[0018] In some embodiments, controller may be operable to measure the plurality of measured resultant electrical
signals to include a number of measured resultant electrical signals that corresponds to the number of switch positions
of the particular telemetry switch unit.
[0019] In some embodiments, the position-specific resistance values for the particular telemetry switch unit can be
defined so that each position-specific resistance value is about two times or greater than the value of the next lowest
position-specific resistance value.
[0020] In some embodiments, at least one of the telemetry switch units may include a plurality of isolation diodes in
the current path.
[0021] In some embodiments, for each telemetry switch unit, the position-specific resistance values corresponding to
the plurality of switch positions can be the same.
[0022] It will be appreciated by a person skilled in the art that a telemetry system and/or method may include any one
or more of the features contained herein and that the features may be used in any particular combination or sub-
combination suitable for a telemetry system and/or method.

DRAWINGS

[0023] For a better understanding of the embodiments described herein and to show more clearly how they may be
carried into effect, reference will now be made, by way of example only, to the accompanying drawings which show at
least one exemplary embodiment, and in which:

Figure 1 illustrates an example of a telemetry system in accordance with an example embodiment;

Figure 2 illustrates an example of a telemetry switch unit in accordance with an example embodiment;

Figure 3 illustrates an example of a process for determining a switch position in accordance with an example
embodiment;

Figure 4 illustrates another example of a process for determining a switch position in accordance with an example
embodiment;

Figure 5 illustrates a further example of a process for determining a switch position in accordance with an example
embodiment; and

Figure 6 illustrates an example of a process for determining a voltage marker sequence in accordance with an
example embodiment.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0024] It will be appreciated that, for simplicity and clarity of illustration, where considered appropriate, reference
numerals may be repeated among the figures to indicate corresponding or analogous elements or steps. In addition,
numerous specific details are set forth in order to provide a thorough understanding of the exemplary embodiments
described herein. However, it will be understood by those of ordinary skill in the art that the embodiments described
herein may be practiced without these specific details. In other instances, well-known methods, procedures and com-
ponents have not been described in detail so as not to obscure the embodiments described herein. Furthermore, this
description is not to be considered as limiting the scope of the embodiments described herein in any way but rather as
merely describing the implementation of the various embodiments described herein.
[0025] It should also be noted that the terms "coupled" or "coupling" as used herein can have several different meanings
depending in the context in which these terms are used. For example, the terms coupled or coupling may be used to
indicate that an element or device can electrically, optically, or wirelessly send data to another element or device as well
as receive data from another element or device.
[0026] It should be noted that terms of degree such as "substantially", "about" and "approximately" as used herein
mean a reasonable amount of deviation of the modified term such that the end result is not significantly changed. These
terms of degree may also be construed as including a deviation of the modified term if this deviation would not negate
the meaning of the term it modifies.
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[0027] Furthermore, any recitation of numerical ranges by endpoints herein includes all numbers and fractions sub-
sumed within that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.90, 4, and 5). It is also to be understood that all numbers
and fractions thereof are presumed to be modified by the term "about" which means a variation of up to a certain amount
of the number to which reference is being made if the end result is not significantly changed.
[0028] The example embodiments of the systems and methods described herein may be implemented as a combination
of hardware or software. In some cases, the example embodiments described herein may be implemented, at least in
part, by using one or more computer programs, executing on one or more programmable devices comprising at least
one processing element, and a data storage element (including volatile memory, non-volatile memory, storage elements,
or any combination thereof). These devices may also have at least one input device (e.g. a pushbutton keyboard, mouse,
a touchscreen, and the like), and at least one output device (e.g. a display screen, a printer, a wireless radio, and the
like) depending on the nature of the device.
[0029] It should also be noted that there may be some elements that are used to implement at least part of one of the
embodiments described herein that may be implemented via software that is written in a high-level computer programming
language such as object oriented programming. Accordingly, the program code may be written in C, C++ or any other
suitable programming language and may comprise modules or classes, as is known to those skilled in object oriented
programming. Alternatively, or in addition thereto, some of these elements implemented via software may be written in
assembly language, machine language or firmware as needed. In either case, the language may be a compiled or
interpreted language.
[0030] At least some of these software programs may be stored on a storage media (e.g. a computer readable medium
such as, but not limited to, ROM, magnetic disk, optical disc) or a device that is readable by a general or special purpose
programmable device. The software program code, when read by the programmable device, configures the program-
mable device to operate in a new, specific and predefined manner in order to perform at least one of the methods
described herein.
[0031] Furthermore, at least some of the programs associated with the systems, devices and methods of the embod-
iments described herein may be capable of being distributed in a computer program product comprising a computer
readable medium that bears computer usable instructions for one or more processors. The medium may be provided
in various forms, including non-transitory forms such as, but not limited to, flash drives, one or more diskettes, compact
disks, tapes, and magnetic and electronic storage.
[0032] Telemetry can be used to retrieve sensor measurements, operating conditions and other data from components,
such as sensors or switches, which are remote from a controller. Embodiments described herein relate to telemetry
systems having one or more telemetry switch units each of which has multiple switch positions. The switch positions of
the telemetry switch units correspond to data and/or operating conditions from the components being monitored. Each
telemetry switch unit may be coupled to a corresponding monitored component, such as a sensor or RF switch for
example. The telemetry switch unit may be configured to change its switch position to reflect the current state of, or data
collected by, the monitored component.
[0033] In one example embodiment, telemetry switches can be used to monitor RF switching networks such as those
that may be used on spacecraft. A switching network can include a series of switches, e.g. mechanical microwave
switches, used to interconnect user-selected RF ports that are under remote electrical control. The switching network
may serve to re-route communications in the event of a failure or to provide connectivity between any number of RF
inputs and outputs.
[0034] A controller may be used to actuate each of the RF switches. The controller may also read back position
telemetry corresponding to the RF switch to determine the current position of the RF switch. The controller may determine
the current switch position of an RF switch by reading and analyzing telemetry signals corresponding to that RF switch.
[0035] Each RF switch may have a corresponding telemetry switch unit. Each telemetry switch unit can have a plurality
of telemetry switch positions. Each telemetry switch position can be associated with an RF switch position of the corre-
sponding RF switch. For example, each switch position of the RF switch may have a corresponding switch (e.g. a
magnetically actuated reed-switch) in the corresponding telemetry switch unit. The reed-switch in the telemetry switch
unit may be toggled closed when the RF switch toggles to the corresponding switch position.
[0036] The monitored components (e.g. RF switches) and corresponding telemetry switch units may be coupled to a
controller in various ways. For example, each telemetry switch unit may have a separate telemetry signal pin/wire for
each switch position and a common return path/wire. The switch position of the telemetry switch unit may be determined
by identifying the telemetry signal pin currently coupled to the return path for the switching unit. However, as the number
of monitored components increases, this can result in a large number of wires between the controller and the telemetry
switch units, particularly if each switch unit has many switch positions.
[0037] In an alternative approach, as in embodiments herein, each telemetry switch unit may have a common input
signal path and a common return path. Each telemetry switch unit may include a plurality of resistive components, each
with a different resistance value. Each resistive component can be positioned in a different switch-position-specific signal
path through the telemetry switch unit. A particular resistive component can be switched into the circuit path when the
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telemetry switch unit is in the corresponding switch position. To determine the switch position of the telemetry switch
unit, the controller can determine the resistance value of the resistive component currently coupled into the signal path.
This may provide a reduced pin/wire count, as only two wires may be required for each telemetry switch unit (the common
input signal path and common return path).
[0038] Telemetry systems are often used to collect data from hundreds or thousands of monitored components. Each
of these monitored components mat have a corresponding telemetry switch unit. As the number of monitored components
increases, large and bulky wire harnesses may be required even with only two wires for each telemetry switch unit. This
can result in a telemetry system of significant mass. This may be undesirable, particular in applications with size or
weight limitations, such as spacecraft applications.
[0039] Embodiments described herein provide telemetry systems with telemetry switch units arranged in a matrix
topology. Embodiments described herein also provide methods for determining the switch positions of the telemetry
switch units in matrixed telemetry switch arrays. A matrix topology may provide significant reductions in the size and
space requirements for telemetry systems, particularly where there are many monitored components. For example, a
telemetry switch array with 512 switching units in a 32x16 matrix may use only 48 pins/wires to determine the switch
position of all 512 switch units. If a matrix topology was not used, 513 or more pins/wires might be required. Thus, some
embodiments described herein may provide for tenfold or more decreases in signal wire requirements.
[0040] A telemetry switch array using a matrix topology can include a plurality of telemetry switch units. Each telemetry
switch unit can have a switch current input (i.e. a signal input) a switch current output (i.e. a signal output or return) and
a plurality of switch positions.
[0041] The switch positions of a telemetry switch unit may define alternative (parallel) signal paths between the switch
current input and the switch current output. The telemetry switch unit may be configured so that only one switch position
can be closed at a time, i.e. so that there is only one signal path at a time between the switch current input and the
switch current output of the switch unit. Accordingly, each switch position can define the current path for the switch unit
as a position-specific current path.
[0042] Each position-specific current path can have a resistive component switched into the current path between the
switch current input and the switch current output. The resistive component for each switch position can have a position-
specific resistance value (i.e. the resistive components for each of the position-specific current paths can have different
resistance values). The switch position of each telemetry switch unit may then be determined based on the position-
specific resistance value currently coupled into the signal path of that telemetry switch unit.
[0043] The telemetry switch array can include a plurality of input current paths and a plurality of output current paths.
Multiple telemetry switch units may share a common input signal/current path. Similarly, multiple telemetry switch units
may share a common return (current output) path. However, there may be only one telemetry switch unit that is coupled
to a particular combination of input current path and output current path.
[0044] Each input current path can be coupled to the switch current input of a first one or more telemetry switch units
of the plurality of telemetry switch units in the telemetry switch array. Similarly, each output current path can be coupled
to the switch current output of a second one or more telemetry switch units of the plurality of telemetry switch units in
the telemetry switch array. Each telemetry switch unit can be coupled to one of the input current paths and one of the
output current paths.
[0045] The input current paths and output current paths may be considered to correspond to rows and columns of a
matrix. For example, each telemetry switch unit along a "row" of the telemetry switch array may be coupled to the same
input current path. Similarly, each telemetry switch unit along a "column" of the telemetry switch array may be coupled
to the same output current path. An electrical signal can be directed through a particular telemetry switch unit by electrically
connecting a particular input current path (the input current path coupled to the switch current input of that particular
telemetry switch unit) to an electrical signal source (e.g. a current source or voltage source) and completing the circuit
through a particular output current path (the output current path coupled to the switch current output of that particular
telemetry switch unit). An electrical signal can then be applied (e.g. a current signal or a voltage differential applied
between the particular input current path and the particular output current path) and the resultant electrical signal can
be measured across the array current path (e.g. the voltage drop as a result of the current signal or the current flow
caused by the voltage differential). The applied signal and measured signal can be used to determine the resistance
along the array current path.
[0046] Connecting a plurality of telemetry switch units in a matrix topology, with multiple telemetry switch units sharing
common input current paths and output current paths, may cause loading effects on the telemetry switch units. Although
a particular telemetry switch unit can be selected by actuating a particular input current path and output current path,
there may still be multiple parallel paths for current to flow. That is, the other telemetry switch units coupled to the input
current paths and output current paths may load the telemetry switch unit whose switch position is currently being
interrogated. This may complicate the process of determining the switch position, as the total impedance of the telemetry
switch unit may need to be considered taking into account the loading effects of all other telemetry switch units. To
minimize or avoid these loading effects, isolation diodes can be used to prevent loading by the other telemetry switch
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units in the array.
[0047] Each telemetry switch unit can include at least one isolation diode in a current path (or signal path) between
the switch current input and the switch current output. The isolation diodes can be forward-biased in each of the telemetry
switch units. The isolation diodes can be positioned in the current path regardless of the switch position of the telemetry
switch unit. This can minimize or prevent loading effects from current leaking through other telemetry switch units.
However, the isolation diodes introduce an additional voltage drop into the current path through a telemetry switch unit.
This diode voltage drop term must be accounted for when determining the switch position of that telemetry switch unit.
[0048] In some cases, multiple series and/or parallel isolation diodes may be used in one or more telemetry switch
units. This may provide increased reliability, for example in case one of the diodes short-circuits. However, this further
complicates determination of the switch-position, because the current through a telemetry switch unit passes through
multiple diodes (with associated voltage drops) as well as the position-specific resistive component that can be used to
determine the switch position.
[0049] Embodiments described herein may provide telemetry systems and methods for telemetry switch units arranged
in a matrix topology that are configured to de-imbed (i.e. account for) the voltage drop caused by the isolation diodes.
This may allow the switch positions of the telemetry switch units to be determined more accurately, while also minimizing
loading effects of the other telemetry switch units. Some embodiments described herein may account for the voltage
drop of the isolation diode(s) with minimal computational complexity.
[0050] To determine the switch position of a particular telemetry unit, a plurality of electrical sensing signals (e.g.
current signal or voltage signal) can be applied through an array current path of the telemetry switch array that passes
through the particular telemetry unit. The resultant electrical signal (e.g. voltage or current) across the array current path
can be measured. The resultant electrical signal can be used to generate one or more signal values for the array current
path. The one or more signal values can be compared to switch threshold signal values and/or threshold signal ranges
to determine the switch position.
[0051] For example, to determine the switch position of a particular telemetry switch unit, a plurality of sense currents
can be provided through an array current path of the telemetry switch array. The array current path can be defined to
pass through the particular telemetry switch unit by actuating the corresponding input current path and output current
path coupled to that telemetry switch unit (e.g. coupling a current source to the corresponding input current path and
completing a circuit through the output current path). Each sense current can have a different current level.
[0052] A plurality of voltages can be measured across the array current path. Each measured voltage can correspond
to one of the sense currents. The relationship between the plurality of measured voltages and corresponding sense
currents is indicative of the resistive value of the resistive component coupled into the array current path at the present
switch position. Accordingly, the switch position of the particular telemetry switch unit can be determined from the plurality
of measured voltages. However, as mentioned, the measured voltages also reflect the voltage drop of the isolation diode
through the particular telemetry switch unit. This voltage drop may need to be accounted for to determine the switch
position accurately.
[0053] The plurality of measured voltages can be used to determine one or more voltage values for the array current
path. The voltage values can be compared to one or more switch threshold voltages stored for the telemetry switch unit
to determine the present switch position of the telemetry switch unit. The sense current levels, voltage values and switch
threshold voltages can be selected to permit the switch position of the telemetry switch unit to be determined while
accounting for the voltage drop of the isolation diode(s) of the switch unit.
[0054] In some embodiments, a voltage value may be determined as a voltage difference between a first measured
voltage and a second measured voltage. The first measured voltage and the second measured voltage may correspond
to first and second sense currents with different current levels. In some cases, the first and second sense currents are
selected to have sense current levels close in value.
[0055] The voltage difference can be compared to a plurality of switch threshold voltages for the telemetry switch unit.
The plurality of switch threshold voltages may define threshold voltage ranges for the telemetry switch unit. Each threshold
voltage range can be associated with one of the switch positions (or its corresponding position-specific resistance value)
of the telemetry switch unit. Accordingly, the threshold voltage range that corresponds to the voltage difference can be
used to identify the switch position of the telemetry switch unit.
[0056] In some embodiments, a plurality of voltage values may be determined. Each voltage value may be determined
based on a different measured voltage. A plurality of voltage markers can be defined by comparing each of the voltage
values to one or more threshold voltages (or threshold voltage ranges) stored for the telemetry switch unit. Each voltage
value can define one of the voltage markers. The switch position of the telemetry switch unit can be determined from
the plurality of threshold markers.
[0057] For example, a sequence of threshold markers may be defined from the plurality of voltage markers. The switch
positions of the telemetry switch unit may each correspond to a particular sequence of threshold markers. Accordingly,
by defining the sequence of threshold markers, the current switch position may be determined. The number of threshold
markers (as well as the number of sense currents and corresponding measured voltages) may be defined based on the
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number of switch positions of the switch unit being interrogated.
[0058] The order of the threshold marker sequence may be defined based on the sense currents applied through the
array current path. For example, each sense current may have an increased current level as compared to the previously
applied sense current. The sequence may be defined beginning from the measured voltage corresponding to the lowest
sense current level to the measured voltage corresponding to the highest sense current level. The sense current levels
and resistive values of the telemetry switch units may be selected to enable the voltage markers and voltage marker
sequence to be generated under various operating conditions (e.g. across changes in temperature).
[0059] As a skilled reader will appreciate, embodiments described herein using sensing currents and measured volt-
ages may be considered equivalent to analogous approaches using sensing voltages and measured currents. A plurality
of sensing voltages can be applied across the array current path of the telemetry switch array and a plurality of resultant
currents through the array current path can be measured. The sensing voltages and measured currents can be used to
determine the current switch position of the telemetry switch unit in accordance with the embodiments described herein
in a manner analogous to using sensing currents and measured voltages.
[0060] In embodiments described herein, isolation diodes may reduce the loading effects on a particular telemetry
switch unit from the other telemetry switch units in a telemetry switch array. However, there may still be leakage currents
that pass through the parallel paths provided by the other telemetry switch units even when using isolation diodes. These
leakage currents may also vary with changes in temperature. Embodiments described herein using voltage differences
may minimize the effects of loading by the other telemetry switch unit, as similar loading effects may be expected in
each measured voltage that is subtracted.
[0061] The voltage drop of the isolation diodes may also change appreciably over temperature. Embodiments described
herein using voltage differences may also minimize these effects, as the changes in voltage drop may be similar for the
first and second sense currents applied.
[0062] Referring now to Figure 1, shown therein is an example of a telemetry system 100 in accordance with an
embodiment. Telemetry system 100 has a telemetry switch array 102 that includes a plurality of telemetry switch units
104aa-104mn. The telemetry switch units 104 are arranged in a matrix topology or configuration, with a plurality of
telemetry switch units 104 in each row (a, b...m) and a plurality of telemetry switch units 104 in each column (a, b...n).
[0063] Each telemetry switch unit 104 can have a switch current input 106 and a switch current output 108. Each
switch unit 104 can have a plurality of switch positions 110 and at least one isolation diode 112 in a current path 114
between the switch current input 106 and the switch current output 108 of that switch unit 104.
[0064] Each telemetry switch unit 104 may have a corresponding monitored component (e.g. an RF switch or a sensor).
The switch position 110 of the telemetry switch unit 104 may be controlled by, or reflective of, the state of the monitored
component. For example, a change in the RF switch position may cause a corresponding change in the switch position
110 of the corresponding telemetry switch unit 104. Similarly, a change in the data sensed by a sensor may cause a
corresponding change in the switch position 110 of the corresponding telemetry switch unit 104. Accordingly, the switch
position 110 of a telemetry switch unit 104 can reflect data (e.g. sensor data or operation conditions such as RF switch
position) of interest from the monitored component.
[0065] Each switch position 110 may correspond to an alternative or parallel position-specific current path between
the switch current input 106 and the switch current output 108. Each position-specific current path has a resistive
component with a different resistance value. When closed, a switch position 110 can define the current path 114 as a
position-specific current path with the corresponding resistive component coupled into the current path 114 between the
switch current input 106 and the switch current output 108. The resistive component for each switch position 110 can
have a different position-specific resistance value.
[0066] Although the telemetry switch units 104 in telemetry switch array 102 are shown with different numbers of
switch positions (e.g. switch unit 104aa has three switch positions, switch unit 104an has four switch positions, and
switch unit 104bb has two switch positions), in some cases the telemetry switch units 104 in the array may each have
the same number of switch positions. Similarly, the resistance values of the resistive components may be the same
across different switch units 104. This may simplify the process of determining the switch position of each switch unit
104, as the same threshold voltages and sense current levels may be used.
[0067] The telemetry switch array 102 can also include a plurality of input current paths 116 and a plurality of output
current paths 118. Each input current path 116 can be coupled to the switch current input 106 of a first plurality of
telemetry switch units 104. Each of the switch units 104 can have its switch current input 106 coupled to one of the input
current paths 116. For example, in system 100 input current path 116 is shown coupled to the switch current inputs 106
of switch units 104aa, 104ab and 104an.
[0068] Each output current path 118 can be coupled to the switch current output 108 of a second plurality of telemetry
switch units 104. Each switch unit 104 can have its switch current output 108 coupled to one of the output current paths
118. For example, in system 100 output current path 118 b is shown coupled to the switch current outputs 108 of switch
units 104ab, 104bb, and 104mb.
[0069] Telemetry system 100 also includes an electrical signal source such as a current source 120. Signal source
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120 may be electrically connectable to each of the input current paths 116 and output current paths 118. Telemetry
system 100 may also include a signal measuring devices such as a voltmeter (not shown). The voltmeter may similarly
be electrically connectable to each of the input current paths 116 and output current paths 118. The voltmeter may be
configured to measure a voltage between the input current path 116 and output current path 118 currently connected
to the current source 120. Alternatively, a voltage source may be used as the electrical signal source 120 in place of a
in some embodiments. In such cases, an ammeter may be used in place of a voltmeter.
[0070] In general, the electrical signal source 120 can be connected to the telemetry switch array 102 to provide one
or more electrical sensing signals (e.g. a sense current or a sense voltage differential) to the array current path (i.e. by
electrically connecting the signal source 120 to one of the input current paths 116 and output current paths 118). A signal
measuring device (e.g. a voltmeter or ammeter) can be electrically connected to the array current path to measure a
resultant electrical signal (e.g. an induced voltage or induced current) of the array current path.
[0071] For simplicity, the description herein provides example embodiments of the electrical signal source 120 imple-
mented as a current source and example embodiments of methods applying a sense current and measuring a corre-
sponding resultant voltage. A skilled reader will appreciate, however, that the described embodiments can also be
implemented using a voltage source and applying a voltage differential without deviating from the scope of the invention
described herein. In general, embodiments of system 100 using a voltage source 120 may operate analogously to
embodiments using a current source 120.
[0072] The electrical signal source 120 may be implemented as a single signal source that is selectively connectable
to each of the input current paths 116 and output current paths 118. Alternatively, multiple electrical signal sources 120
may be used, each of which may be connectable to one or more of the input current paths 116 and output current paths 118.
[0073] The current source 120 can be operable to provide current through an array current path that is defined by the
input current path 116 and output current path 118 currently connected to the current source 120. The array current path
may be defined as passing from a particular input current path 116 to a particular output current path 118 through the
current path of a particular telemetry switch unit 104 (i.e. the switch unit 104 coupled to both the particular input current
path 116 and the particular output current path 118). For example, where the current source 120 is coupled to input
current path 116b and output current path 118b, the array current path can be defined to pass through the current path
114bb of telemetry switch unit 104bb.
[0074] The current source 120 may provide a plurality of sense currents through the array current path. Each sense
current may have its own, different current level. A voltmeter may be used to measure the voltage across the array
current path for each of the sense currents applied.
[0075] Providing a plurality of sense currents and measuring the corresponding voltages across the array current path
may enable one or more voltage values to be determined for a selected telemetry switch unit 104. This can enable the
current switch position of that telemetry switch unit 104 to be determined. As mentioned above, the relationship between
the plurality of sense currents and the voltage values is indicative of the resistance value of the resistive component
currently switched into the current path 114.
[0076] Telemetry system 100 also includes a controller 130 coupled to the current source 120. The controller 130 may
be used to control the operation of the current source 120 to apply sense currents through an array current path. The
controller 130 may also be used to measure voltages resulting from the applied sense currents, and to determine switch
positions of the telemetry switch units 104. The controller 130 may also determine the underlying data from the monitored
component that corresponds to the determined switch position (e.g. the position of a corresponding RF switch, or the
data from a corresponding sensor).
[0077] In some cases, the controller 130 may be implemented using a computer processor, such as a general purpose
microprocessor. In some other cases, controller 130 may be a field programmable gate array, application specific
integrated circuit, microcontroller, or other suitable computer processor, or controller. Controller 130 may also be con-
figured to perform various methods for determining the switch position of a telemetry switch unit, such as those described
below with reference to Figures 3-6. Processes for determining the switch position of a telemetry switch unit may be
embedded in the controller device, e.g. as firmware.
[0078] The controller may also include one or more communication interfaces. A communication interface may be one
or more data network interface, such as an IEEE 802.3 or IEEE 802.11 interface, for communication over a network.
The controller may also include various other components such as input device(s), output device(s), and so on.
[0079] As mentioned, a single current source 120 may be used in telemetry system 100. The current source 120 may
be coupled to an appropriate arrangement of switches to route current into a selected input current path 116 and out a
selected output current path 118. This routing can cause current to flow through the diode and resistive component of
the telemetry switch unit 104 corresponding to the input current path 116 and output current path 118. The resultant
voltage across the selected input current path 116 and output current path 118 pair can then be measured and used to
determine the switch position of the telemetry switch unit 104.
[0080] The controller 130 may measure a plurality of voltages across the array current path coupled to the current
source 120. Each measured voltage may be associated with a sense current having a different current level. The plurality
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of measured voltages and corresponding sense current levels reflect the resistance value of the particular resistive
component coupled into the current path through the telemetry switch unit. The controller 130 may thus determine the
switch position of a telemetry switch unit from the plurality of measured voltages, e.g. by determining corresponding
voltage values and comparing them to stored voltage thresholds.
[0081] The controller 130 may be configured to provide control and/or synchronization between various components
of telemetry system 100, such as switches used to route current from the current source 120 to the selected input current
path 116 and output current path 118 and/or to adjust the current level of the sense currents routed through the array
current path.
[0082] As mentioned, the measured voltages also reflect the voltage drop caused by the isolation diodes 112. Accord-
ingly, the controller 130 may determine the switch position of the telemetry switch units while accounting for the voltage
drop caused by the isolation diode(s) 112. The controller 130 may determine the switch position of a telemetry switch
unit 104 directly, without requiring the impedance of other telemetry switch units to be analyzed.
[0083] For example, the controller 130 may determine at least one voltage value for the array current path from the
plurality of measured voltages. The controller 130 may determine the switch position of the telemetry switch unit 104 by
comparing each voltage value to at least one switch threshold voltage for the switch unit. The voltage values, current
levels and switch threshold voltages may be defined so as to minimize or eliminate error introduced by the voltage drop
of the isolation diode(s) 112.
[0084] Telemetry system 100 may also include a storage component 140. Storage component 140 may generally be
a computer-readable storage medium. Storage component 140 can include volatile and non-volatile memory and/or
storage elements. Storage component 140 can include RAM, ROM, one or more hard drives, one or more flash drives
or some other suitable data storage elements such as disk drives, etc. The storage component 140 may also be used
to store an operating system and programs as is commonly known by those skilled in the art. For example, the storage
component 140 may be used to store various applications usable by the controller 130.
[0085] Storage component 140 may be used to store switch threshold values (e.g. threshold voltages and threshold
voltage ranges and/or threshold currents and threshold current ranges) used to determine the switch positions of a
telemetry switch unit from measured voltages. Storage component 140 can also be used to store the determined switch
position and corresponding data of the monitored components. The storage component 140 may also be used to store
sense current levels that may be used in methods for determining the switch position of a telemetry switch units.
[0086] In general, the storage component 140 can store switch threshold values for all of the telemetry switch units
104. In some cases, the switch threshold values may be the same for one or more of the telemetry switch units 104. For
example, where the telemetry switch units 104 have the same number of switch positions and corresponding position-
specific resistance values, the sense current levels and switch threshold values may be defined to be the same.
[0087] The storage component 140 may also store a plurality of marker relationships. Marker relationships may define
a relationship between a particular sequence of threshold markers and a particular switch position. Such marker rela-
tionships may be used in some embodiments described herein for determining the switch position of a telemetry switch
unit 104.
[0088] In general, the telemetry switch array 102 may be extended to any NxM matrix. Each of the telemetry switch
units 104 in the NxM array can have steering or isolation diodes in series with the resistive components for the switch
positions. These diodes may prevent the resistive components of other telemetry switch units in the matrix from loading
the circuit.
[0089] Referring now to Figure 2, shown therein is an example of a telemetry switch unit 204 in accordance with an
example embodiment. The telemetry switch unit 204 is an example embodiment of a switch unit that may be used in a
telemetry system such as system 100. In general, the features and operation of telemetry switch unit 204 are similar to
the switch units 104 shown in Figure 1 and described above.
[0090] As with telemetry switch units 104, telemetry switch unit 204 includes a switch current input 206 and a switch
current output 208. Telemetry switch unit 204 has four switch positions 210a-210d. Each switch position 210 has a
corresponding resistive component 225a-225d. Each of the resistive components 225a-225d has a different resistive
value. As with telemetry switch units 104, in telemetry switch unit 204 only one of the switch positions 210a-210d is
closed at a time. Accordingly, determining the resistive value of the resistive component 225 currently coupled into the
current path between the switch current input 206 and the switch current output 208 enables the current switch position
210 to be identified.
[0091] Telemetry switch unit 204 includes a pair of diodes 212a and 212b. A telemetry switch unit 204 with a plurality
of diodes 212 may provide increased reliability, for instance in case of a short-circuit failure by one of the diodes 212.
This may be particularly important for long-term applications, such as space applications for example.
[0092] To determine the switch position 210 of the switch unit 204, a current source 220 can be coupled to the switch
current input 206 and switch current output 208. As explained with reference to Figure 1, the current source may be
coupled to switch unit 204 by electrically connecting the current source 220 to an input current path and output current
path that are both connected to the switch unit 204. A plurality of sense currents can be provided through the switch unit
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204. The corresponding voltage 235 may then be measured. Voltage values determined from the measured voltages
can be used to determine the current switch position 210.
[0093] When current passes through switch unit 204, each of the diodes 212 has an associated voltage drop. Accord-
ingly, to determine the switch position 210, the voltage drop of the diodes 212 may need to be accounted for to ensure
the correct resistive value (or corresponding voltage/current value that reflects the resistive value) can be identified.
[0094] Referring now to Figure 3, shown therein is an example process 300 for determining a switch position in
accordance with an example embodiment. The process 300 may be implemented using a telemetry system with switch
units in a matrix topology, such as the example telemetry system 100. Process 300 is an example process that may be
used to determine the switch position of a telemetry switch unit by applying a plurality of sensing current signal and
measuring the resultant voltages. As will be apparent to a skilled reader, an analogous process can also be implemented
applying a plurality of sensing voltage signal and measuring the resultant currents.
[0095] Process 300 can be used to determine the switch position of a telemetry switch unit implemented in a telemetry
switch matrix, such as array 102 of telemetry system 100. The telemetry switch array can include a plurality of telemetry
switch units with each telemetry switch unit having a switch current input and a switch current output. Each of the switch
units may have a plurality of switch positions and at least one isolation diode in a current path between the switch current
input and the switch current output. Process 300 is an example process for directly determining the switch position of a
telemetry switch unit while accounting for the voltage drop of the unit’s isolation diode.
[0096] The array can include a plurality of input current paths with each input current path coupled to the switch current
input of a first plurality of telemetry switch units from the plurality of telemetry switch units. The array can also include a
plurality of output current paths with each output current path coupled to the switch current output of a second plurality
of telemetry switch units from the plurality of telemetry switch units.
[0097] At 310, a current source can be connected to an array current path of the telemetry switch array. The current
source may be electrically connectable to each of the input current paths and each of the output current paths. The
current source may be connected to a particular input current path and a particular output current path so as to define
the array current path to pass through a particular telemetry switch unit (i.e. the switch unit corresponding to the particular
input current path and the particular output current path). The array current path can be so defined to provide current
through the telemetry switch unit whose switch position is of interest.
[0098] The current source may be connectable to the input current paths and output current paths using a series of
switches. The switches may be toggled, e.g. using controller 130, to connect the current source to the particular input
current path and the particular output current path.
[0099] At 320, a plurality of sense currents can be applied or provided through the array current path defined at 310.
Each sense current can have a different current level. The sense current levels may be selected based on the resistance
values of the resistive components corresponding to the switch positions of the particular telemetry switch unit.
[0100] The sense currents can be provided by the current source after being electrically connected to the particular
input current path and the particular output current path. The sense current can pass through the selected telemetry
switch unit as it passes from the input current path to the output current path.
[0101] At 330, a plurality of voltages can be measured across the array current path. Each measured voltage may
correspond to one of the sense currents applied at 320. Accordingly, each measured voltage may correspond to a
different sense current level. The sense current levels can be selected at 320 so that the voltage measured across the
array current path can be measurably different for each sense current level.
[0102] A voltmeter can also be electrically connected to the array current path. The voltmeter can be connected to
measure the voltage difference across the array current path. The voltage difference across the array current path may
substantially reflect the voltage difference caused by the telemetry switch unit of interest.
[0103] At 340, the switch position of the telemetry switch unit can be determined from the plurality of measured voltages.
The plurality of measured voltages and corresponding sense current levels correspond to the resistance value of a
resistive component coupled into the current path through the particular telemetry switch unit as a result of the current
switch position. Accordingly, the relationship between the plurality of measured voltages and plurality of sense currents
can be used to determine the current switch position.
[0104] In some embodiments, at least one voltage value can be determined for the array current path from the plurality
of measured voltages. In some cases, a plurality of voltage values may be determined. The switch position of the
telemetry switch unit can be determined by comparing each voltage value to at least one switch threshold voltage stored
for the particular telemetry switch unit. In some cases, a plurality of switch threshold voltages may be stored for the
telemetry switch unit. The plurality of switch threshold voltages may define threshold voltage ranges for the switch unit.
The current switch position of the switch unit can be determined based on the threshold voltages and/or threshold voltage
ranges.
[0105] In some cases, the plurality of measured voltages and plurality of sense currents can be used to determine the
resistance value and the switch position can be identified from the determined resistance value. In other cases, a direct
relationship between the voltages values and each of the switch positions can be stored. The plurality of measured
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voltages and plurality of sense currents can be used to determine one or more voltage values for the current switch
position, and the switch position may be determined directly from the voltage values (i.e. without actually determining
the resistance value).
[0106] Referring now to Figure 4, shown therein is an example process 400 for determining a switch position in
accordance with another example embodiment. Process 400 is an example process that may be used to determine the
switch position of a telemetry switch unit by applying a plurality of sensing current signal and measuring the resultant
voltages. As will be apparent to a skilled reader, an analogous process can also be implemented applying a plurality of
sensing voltage signal and measuring the resultant currents.
[0107] In process 400, a plurality of switch threshold voltages can be stored for each of the telemetry switch units.
The plurality of switch threshold voltages can define a plurality of threshold voltage ranges.
[0108] In some cases, the switch threshold voltages (and corresponding threshold voltage ranges) may be the same
for each telemetry switch unit. For example, each telemetry switch unit may have the same number of switch positions
and resistive components with the same resistance values corresponding to each switch position. In such cases, the
switch threshold voltages for each telemetry switch unit can be the same. This may facilitate manufacturing, as each
telemetry switch unit can be substantially the same. This may also facilitate the process of determining the current switch
position, as the loading effects on each telemetry switch unit may be substantially similar (as, for each switch unit, the
other switch units in the array will be substantially similar). This may also reduce storage requirements, as the same
sense current levels and voltage thresholds may be used for each telemetry switch unit.
[0109] Process 400 may be referred to herein as an example of a differential process for determining the switch position
of a telemetry switch unit. A differential process may generally operate by taking two voltage measurements across the
array current path for a particular telemetry switch unit at different sense current levels (or two current measurements
at different sense voltage levels). The voltage value for the switch unit can then be determined as the difference between
the two voltage measurements.
[0110] First and second measured voltages may be represented by the position-specific resistance value R of the
resistive component coupled into the current path and the voltage drop of the isolation diode(s) Vdiode as shown in
Equations 1 and 2: 

where I1 is a first sense current, I2 is a second sense current, V1 is a first measured voltage, V2 is a second measured
voltage, and Vdiode(I) is the forward voltage drop of the diode at the sense current I.
[0111] the current values of the sense currents I1 and I2 can be selected so that the two diode voltages may be
considered almost equivalent: 

[0112] For example, the current values of the sense currents I1 and I2 may be selected to be close in value to reduce
the resulting diode voltage difference. In general, the selection of the sense currents may be driven by practical consid-
erations and depend on the characteristics of the particular diodes, the accuracy of the current sources, as well as the
accuracy of the voltage meter.
[0113] In some embodiments the diode voltages may be assumed to be the same for the first and second measured
voltages. Subtracting Equations 1 and 2 may then be represented by Equation 4: 

[0114] By subtracting the first and second measured voltages (and assuming the diode voltages are the same) the
diode voltage drop may be effectively removed from the measurement. The resultant voltage difference ΔV may be
unique for each resistive component R and may therefore be used to determine the switch position of the telemetry
switch unit.
[0115] At 410, a plurality of voltages can be measured for a particular telemetry switch unit. The plurality of measured
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voltages can include a first measured voltage and a second measured voltage. The first and second measured voltage
may correspond to first and second sense currents having different sense levels that are close in value.
[0116] At 420, a voltage difference between the first measured voltage and the second measured voltage can be
determined. The voltage difference may be determined by subtracting the first measured voltage from the second
measured voltage (or vice versa). In process 400, the at least one voltage value used to determine the switch position
may be defined as the voltage difference.
[0117] At 430, a threshold voltage range corresponding to the voltage difference can be determined. A plurality of
threshold voltages may be stored for each telemetry switch unit, e.g. in storage component 140. The plurality of threshold
voltages can define threshold voltage ranges for that switch unit. The voltage difference can be compared with the
plurality of threshold voltage to determine the corresponding threshold voltage range.
[0118] At 440, the switch position of the telemetry switch unit can be determined based on the threshold voltage range
determined at 430. The threshold voltage range within which the voltage difference from 420 falls can be used to
determine the switch position.
[0119] Each threshold voltage range stored for the telemetry switch unit may be defined as corresponding to a particular
switch position (or the associated position-specific resistance value). Each switch position may correspond to a position-
specific minimum threshold voltage and a position-specific maximum threshold voltage defining the threshold voltage
range for that switch position. The determined voltage difference can be compared to these values to identify the range
within which the voltage difference falls.
[0120] The voltage difference between the first and second measured voltages may be small, particularly where the
first and second sense currents have close current levels. This may introduce some susceptibility to noise. A larger
difference between the first and second sense current levels may reduce the impact of noise when determining the
switch position of the telemetry switch unit.
[0121] A larger current difference may introduce some error, as the diode voltage drops may not be exactly equal for
the first and second measured voltages. Accordingly, in some embodiments an offset term may be added to equation
(4) to account for the voltage drop of the isolation diodes. This offset term may be used to set or adjust the voltage
threshold levels stored for the telemetry switch unit. For example, the nominal diode voltage difference between the first
and second sense currents may be used to define a voltage difference offset term. In some cases, this voltage difference
offset term could be subtracted from the determined voltage difference as a correction factor. The threshold values may
also be shifted by the voltage difference offset term.
[0122] In general, each of the telemetry switch units in the telemetry switch array can remain connected to their
corresponding input current paths and output current paths during operation. Although current is directed through a
single telemetry switch unit by actuating the corresponding row and column (i.e. input current path and output current
path) there may still be multiple parallel paths through the array passing through multiple back-biased diodes. These
multiple parallel paths may present a leakage path through which the sense currents may flow. The inventors have found
that embodiments of the differential method described above with reference to Figure 4 may cancel the leakage current
term to some degree.
[0123] For example, when leakage currents are considered, Equations (1) and (2) may be represented as Equations
(1 a) and (2a): 

[0124] Assuming that the leakage currents and diode voltages are approximately the same for the first and second
measured voltages (i.e. Vdiode(I1 - Ileak1) ≈ Vdiode(I2 - Ileak2) and Ileak1 ≈ Ileak2) and subtracting equations 1 a and 2a again
results in Equation (4): 

[0125] Referring now to Figure 5, shown therein is an example process 500 for determining a switch position in
accordance with a further example embodiment. Process 500 is an example of a stepped process for determining a
switch position of a telemetry switch unit. Process 500 generally describes steps that would be performed at 340 of
process 300.
[0126] Process 500 is an example process that may be used to determine the switch position of a telemetry switch



EP 3 340 640 A1

14

5

10

15

20

25

30

35

40

45

50

55

unit by applying a plurality of sensing current signal and measuring the resultant voltages. Process 500 may be referred
to as a stepped current process. As will be apparent to a skilled reader, an analogous stepped process can also be
implemented applying a plurality of sensing voltage signal and measuring the resultant currents.
[0127] In a stepped current process, the plurality of sense currents applied at 320 of process 300 include a number
of different current levels that corresponds to the number of distinct switch positions of the telemetry switch unit. In turn,
that same number of corresponding voltages is measured at 330 for the array current path.
[0128] At 510, a plurality of voltage values are determined. Each measured voltage defines one of the voltage values.
The number of voltage values is determined to correspond to the number of switch positions of the telemetry switch unit.
[0129] At 520, a plurality of voltage threshold markers are determined from the voltage values. The threshold markers
include a voltage threshold marker for each voltage value. The plurality of voltage threshold markers are determined by
comparing each voltage value to the at least one threshold voltage stored for the particular telemetry switch unit. The
switch position may then be determined from the plurality of voltage threshold markers.
[0130] In some embodiments, a single threshold voltage may be stored for a particular telemetry switch unit. Each
voltage threshold marker may be defined based on whether the corresponding voltage value is greater than or less than
the threshold voltage. An example of such an embodiment is described below with reference to Figure 6. Alternatively,
multiple threshold voltages may be stored for a switch unit. For example, the threshold voltages may define voltage
ranges for a switch unit. The voltage threshold marker may then be determined based on the voltage range corresponding
to the voltage value determined at 510.
[0131] At 530, a voltage marker sequence can be determined from the plurality of voltage threshold markers. Each
voltage threshold marker may define one of the threshold markers in the sequence. For example, the sequence may
be defined beginning from the voltage threshold marker corresponding to the lowest sense current level to the voltage
threshold marker corresponding to the highest sense current level. Alternative definitions for the sequence may be used,
along with corresponding modifications to marker relationships stored for the switch unit. An example process 600 for
determining the threshold marker sequence is described with reference to Figure 6 below.
[0132] At 540, the switch position of the switch unit can be determined from the voltage marker sequence. A plurality
of marker relationships can be stored for each switch unit. Each marker relationship may define a relationship between
a particular sequence of threshold markers and a switch position. That is, each sequence of threshold markers may
correspond to a particular switch position. Accordingly, by comparing the threshold marker sequence to the marker
relationships, the switch position of the telemetry switch unit may be determined.
[0133] Referring now to FIG. 6, shown therein is an example process 600 for determining a marker sequence in
accordance with an example embodiment. In some embodiments, process 600 may be used as a sub-process in a
process for determining the switch position of a telemetry switch unit. For example, process 600 may be implemented
as part of process 500.
[0134] At 605, the number N of sense current levels (indexed by j) is set to be equal to the number of switch positions
of the switch unit currently coupled into the array current path.
[0135] At 610, threshold markers b are initialized. As mentioned, the number of voltage values and corresponding
threshold markers can be defined based on the number of switch positions. Accordingly, in the example of process 600
the threshold markers are also indexed using j. The sense current level and threshold marker index j is initialized to j =
0 at 615.
[0136] At 620, the first sense current Is is applied through the array current path. The corresponding voltage Vs is then
measured at 625. The voltage Vs measured at 625 is compared to a stored threshold voltage Vt at 630. If the measured
voltage Vs is less than the threshold voltage Vt, then the corresponding threshold marker is set to b = 1 at 635. Otherwise,
the corresponding threshold marker is set to b = 0 at 640. The sense current level index j, is then incremented by 1 at 645.
[0137] At 650, the index j is compared to the number of switch positions N. If the index is less than the number of
switch positions, then the process returns to 620 and iterates from 620 to 650 until the number of threshold markers b
is equal to the number of switch positions N. If index j is equal to the number of switch positions N, then the marker
sequence is defined at 655 by the plurality of threshold markers bj. The marker sequence may then be compared to a
plurality of stored marker sequences or marker sequence relationships to identify the switch position of the switch unit.
[0138] In an example embodiment of process 600, a 4 bit register can used to determine the switch position. The initial
value of the register can be set to (b3,b2,b1,b0) = (0,0,0,0). If the measured voltage Vs is less than Vt then the corresponding
jth bit of the register can be toggled to logic ’1’. Once all N measurements have been made, the bit sequence in the bit
register may be decoded (e.g. by comparison to stored sequences) to determine the switch position. Example bit se-
quences for two, three and four position switches are given in Table 1 below.
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[0139] For a switch unit with only two switch positions, a bit sequence of only two bits(e.g. b0 and b1) may be used.
Similarly, for a switch unit with three switch positions, a bit sequence of three bit (e.g. b0, b1 and b2) may be used. For
a switch unit with four switch positions, a four-bit bit sequence (b3,b2,b1,b0) can be used.
[0140] Referring again to Fig 2, shown therein is a telemetry switch unit 204 with four switch positions 210a-210d. The
resistance values of the resistive components 225a-225d, and the sense current levels can be selected to ensure that
the appropriate bit sequence can be generated under most, if not all operating conditions. An example of resistance
values, sense current levels and threshold voltages selected for the telemetry switch unit 204 are shown below in Table
2. Table 2 provides an example of resistance values, sense current levels and threshold voltages selected for a telemetry
switch unit having two diodes 212 connected in series with a nominal diode drop of about 0.9V each.
[0141] The resistance values of the resistive components 225a-225d may be set so that each resistance value is
scaled by about two times as compared to the next closest lower resistance value. That is, each position-specific
resistance value is about two times greater than the value of the next lowest position-specific resistance value. For
example, the resistance values of the resistive components 225a-225d may be set to 1.18K, 2.37K, 4.75K and 9.53K
respectively.
[0142] The sense current levels may also be scaled or stepped in a similar manner. For example, the first sense
current level may be set to 0.25 mA and a first corresponding voltage Vs across the array current path can be measured.
The first measured voltage can be used to define a voltage value which is compared to a threshold voltage Vt. In the
example shown in Table 2, the threshold voltage Vt is defined as 4.8 V. If the voltage value is less than 4.8V, then the
first bit threshold marker b0 can be set to 1, otherwise b0 is left set to 0. This process repeats with the sense current
level progressively doubled (set to 0.5mA, 1 mA and 2mA). The corresponding voltages can be measured, used to define
voltage values and compared to the threshold voltage to define the remaining bit threshold markers (b1, b2 and b3). The
sequence of bit threshold markers (b0, b1, b2, b3) can be compared to stored bit sequence relationships identifying the
correspondence between a particular sequence and switch position, as shown in Table 2.

[0143] As will be apparent to one skilled in the art, the particular selection of resistance values, current levels and
voltage thresholds may vary while still providing analogous functionality. In some cases, the measuring device (e.g.
voltmeter or ammeter) used to measure the resultant signal may have a limited range (e.g. 5V for the example imple-
mentation shown in Table 2). Accordingly, some of the measured resultant electrical signals may over range the measuring
device. Nonetheless, embodiments of the stepped processes described herein may still provide accurate results, as the
values that are outside the range may be known to be within a certain threshold signal range. For instance, in the example
implementation described in Table 2, values outside of the 5V range would be above the threshold voltage of 4.8V and
the corresponding threshold marker bit could be set to 0.
[0144] In some embodiments, each of the telemetry switch units in a matrixed telemetry switch array may have the

Table 1 - Example bit sequences

Bit Values Switch Position

b3 b2 b1 b0

0 0 0 1 1

0 0 1 1 2

0 1 1 1 3

1 1 1 1 4

Table 2: Example Implementation of a Four Position Switch

Resistive 
Componen t

Vs [V]
Threshold marker bits (1 if Vs 

< Vt else 0)

Switch 
Positio n

Is 
[mA] 0.25 0.50 1.00 2.00 b0 b1 b2 b3

R225a 9.53K 4.18 6.57 11.33 11.41 1 0 0 0 1

R225b 4.75K 2.99 4.18 6.55 9.19 1 1 0 0 2

R225c 2.37K 2.39 2.99 4.17 6.54 1 1 1 0 3

R225d 1.18K 2.10 2.39 2.98 4.16 1 1 1 1 4



EP 3 340 640 A1

16

5

10

15

20

25

30

35

40

45

50

55

same set of resistive components representing the switch position of the telemetry switch unit. This may facilitate man-
ufacturing, by providing a common build for each switch unit (particularly where the switch unit may be incorporated into
the monitored component).
[0145] Embodiments described herein provide systems and methods for implementing resistive telemetry with a matrix
topology. The switch positions of a telemetry switch unit in a telemetry matrix may be determined directly without computing
the loading effects of the other switch units in the matrix.
[0146] Embodiments described herein may de-embed the resistance attributable to position-specific resistive compo-
nents while de-embedding resistance from matrix artifacts and isolation diodes. The embodiments described herein may
enable electric resistance feedback to be sensed from large numbers of remote monitored components using matrix
connectivity which can reduce wire mass. Such embodiments may be suitable for reducing the mass of satellite com-
munication RF payloads that are driven by increasing numbers of devices using historical resistive telemetry. For example,
some embodiments may be implemented in an electronic switch controller used to drive RF switches in a switching
network onboard spacecraft.
[0147] While the above description provides examples of the embodiments, it will be appreciated that some features
and/or functions of the described embodiments are susceptible to modification without departing from the spirit and
principles of operation of the described embodiments. Accordingly, what has been described above has been intended
to be illustrative and non-limiting and it will be understood by persons skilled in the art that other variants and modifications
may be made without departing from the scope of the invention as defined in the claims appended hereto.

Claims

1. A method for determining a particular switch position of a particular telemetry switch unit within a telemetry switch
array that includes a plurality of telemetry switch units, each telemetry switch unit having a switch current input, a
switch current output, a plurality of switch positions and at least one isolation diode in a current path between the
switch current input and the switch current output, the array including a plurality of input current paths with each
input current path coupled to the switch current input of a first plurality of telemetry switch units from the plurality of
telemetry switch units, and a plurality of output current paths with each output current path coupled to the switch
current output of a second plurality of telemetry switch units from the plurality of telemetry switch units, the method
comprising:

a) applying a plurality of electrical sensing signals to an array current path of the telemetry switch array, the
array current path defined from a particular input current path to a particular output current path through the
current path of the particular telemetry switch unit, each electrical sensing signal having a different signal level;
b) measuring a plurality of resultant electrical signals across the array current path, each measured resultant
electrical signal corresponding to one of the electrical sensing signal; and
c) determining the particular switch position of the particular telemetry switch unit from the plurality of measured
resultant electrical signal, wherein the plurality of measured resultant electrical signals correspond to a resistance
value of a resistive component coupled into the current path through the particular telemetry switch unit.

2. The method of claim 1, wherein determining the particular switch position comprises:

a) determining at least one signal value for the array current path from the plurality of measured resultant
electrical signals; and
b) determining the particular switch position by comparing each signal value to at least one switch threshold
signal value stored for the particular telemetry switch unit.

3. The method of claim 2, wherein the at least one switch threshold signal value stored for the particular telemetry
switch unit includes a plurality of switch threshold signal value defining a plurality of threshold signal ranges, and
the method further comprises:

a) measuring the plurality of measured resultant electrical signals to include a first measured resultant electrical
signal and a second measured resultant electrical signal;
b) determining the at least one signal value as a signal difference between the first measured resultant electrical
signal and the second measured resultant electrical signal;
c) identifying a particular threshold signal range by comparing the signal difference to the plurality of switch
threshold signal values stored for the particular telemetry switch unit; and
d) determining the particular switch position as a switch position corresponding to a position-specific resistance
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value that corresponds to the particular threshold signal range.

4. The method of claim 2, further comprising:

a) determining the at least one signal value to include a plurality of signal values, with each measured resultant
electrical signal defining one of the signal values;
b) defining a plurality of signal threshold markers by comparing each signal value to the at least one threshold
signal value stored for the particular telemetry switch unit, the plurality of signal threshold markers including a
signal threshold marker for each signal value; and
c) determining the particular switch position from the plurality of signal threshold markers.

5. The method of claim 4, further comprising:

a) determining a threshold marker sequence from the plurality of signal threshold markers, with each signal
threshold marker defining one of the threshold markers in the sequence; and
b) determining the particular switch position using the threshold marker sequence and a plurality of stored
marker relationships, with each marker relationship defining a relationship between a particular sequence of
threshold markers and a switch position.

6. The method of claim 4, wherein the number of measured resultant electrical signal in the plurality of measured
resultant electrical signal corresponds to the number of switch positions of the particular telemetry switch unit.

7. A telemetry system comprising:

a) a telemetry switch array comprising

i) a plurality of telemetry switch units, each telemetry switch unit having a switch current input, a switch
current output, a plurality of switch positions and at least one isolation diode in a current path between the
switch current input and the switch current output, each switch position defining the current path as a
position-specific current path with a resistive component coupled into the current path between the switch
current input and the switch current output, the resistive component for each switch position having a
position-specific resistance value;
ii) a plurality of input current paths, each input current path coupled to the switch current input of a first
plurality of telemetry switch units from the plurality of telemetry switch units, and the switch current input of
each telemetry switch unit coupled to one of the input current paths; and
iii) a plurality of output current paths, each output current path coupled to the switch current output of a
second plurality of telemetry switch units from the plurality of telemetry switch units, and the switch current
output of each telemetry switch unit coupled to one of the output current paths;

b) an electrical signal source electrically connectable to each of the input current paths and each of the output
current paths, the electrical signal source being operable to provide a plurality of electrical sensing signals to
an array current path defined from a particular input current path to a particular output current path through the
current path of a particular telemetry switch unit; and
c) a controller operable to:

i) measure a plurality of resultant electrical signals across the array current path, each measured resultant
electrical signal associated with an electrical sensing signal having a different signal level; and
ii) determine the switch position of the particular telemetry switch unit from the plurality of measured resultant
electrical signals, the plurality of measured resultant electrical signals corresponding to a particular resist-
ance value of a particular resistive component coupled into the current path through the particular telemetry
switch unit.

8. The system of claim 1, wherein

a) the system further comprises a storage component storing at least one threshold signal value, with each
telemetry switch unit having a corresponding at least one switch threshold signal value in the at least one
threshold signal value; and
b) the controller is operable to determine the switch position by:
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i) determining at least one signal value for the array current path from the plurality of measured resultant
electrical signals; and
ii) determining the switch position by comparing each signal value to the at least one switch threshold signal
value for the particular telemetry switch unit.

9. The system of claim 8, wherein:

a) the at least one switch threshold signal value corresponding to the particular telemetry switch unit comprises
a plurality of switch threshold signal values defining a plurality of threshold signal ranges with each threshold
signal range corresponding to one of the position-specific resistance values for the particular telemetry switch
unit; and
b) the controller is operable to:

i) measure the plurality of measured resultant electrical signals to include a first measured resultant electrical
signal and a second measured resultant electrical signal;
ii) determine the at least one signal value as a signal difference between the first measured resultant
electrical signal and the second measured resultant electrical signal;
iii) identify one of the threshold signal ranges by comparing the signal difference to the plurality of switch
threshold signal values stored for the particular telemetry switch unit; and
iv) determine the switch position as a particular switch position corresponding to the particular position-
specific resistance value that corresponds to the identified threshold signal range.

10. The system of claim 8, wherein the controller is operable to

a) determine the at least one signal value to include a plurality of signal values, with each measured resultant
electrical signals defining one of the signal values;
b) define a plurality of signal threshold markers by comparing each signal value to the at least one threshold
signal value stored in the storage component, the plurality of signal threshold markers including a signal threshold
marker for each signal value; and
c) determine the switch position from the plurality of signal threshold markers.

11. The system of claim 10, wherein

a) the storage component stores a plurality of marker relationships, each marker relationship defining a rela-
tionship between a particular sequence of threshold markers and a particular switch position; and
b) the controller is operable to

i) determine a threshold marker sequence from the plurality of signal threshold markers, with each signal
threshold marker defining one of the threshold markers in the sequence; and
ii) determine the switch position as one of the particular switch positions using the threshold marker sequence
and the stored marker relationships.

12. The system of claim 10, wherein controller is operable to measure the plurality of measured resultant electrical
signals to include a number of measured resultant electrical signals that corresponds to the number of switch
positions of the particular telemetry switch unit.

13. The system of claim 10, wherein the position-specific resistance values for the particular telemetry switch unit are
defined so that each position-specific resistance value is about two times or greater than the value of the next lowest
position-specific resistance value.

14. The system of claim 1, wherein at least one of the telemetry switch units comprises a plurality of isolation diodes in
the current path.

15. The system of claim 1, wherein for each telemetry switch unit, the position-specific resistance values corresponding
to the plurality of switch positions are the same.
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