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(54) A DATA TRANSMISSION SYSTEM FOR USE WITH A PROJECTILE.

(57)  Adata transmission system 200 is provided for
use with a projectile 120. The projectile 120 is arranged
for firing from an artillery piece 110. The data transmis-
sion system 200 comprises at least one sensor 220 ar-
ranged to sense at least one parameter. The at least one
sensor 220 is configured to produce an analogue voltage
output. The data transmission system 200 further com-
prises a first voltage-controlled oscillator 230, configured
to produce an output having a frequency proportional to
the voltage output of the at least one sensor 220. The
data transmission system 200 further comprises an en-

100

coder 240. The encoder 240 is configured to generate
encoded data using the output of the first voltage-con-
trolled oscillator 230 by switching between two signal
streams having different properties. The different prop-
erties are used to encode for different logical states. The
data transmission system 200 further comprises a trans-
mitter 250 configured to transmit the encoded data. Also
described herein is a method 300 of transmitting data
using a data transmission system 200 for use with a pro-
jectile 120.
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Description
FIELD
[0001] The present invention relates to a system and

method of use thereof for extracting real-time data from
sensors that are carried by an artillery round or projectile,
thereby removing the need to for expensive and ineffi-
cient fire-and-recover methods whilst also reducing the
costs associated with the testing of new munitions and
firing system components.

BACKGROUND

[0002] The development oflarge calibre munitions and
their associated firing systems benefit from live firing tri-
als. During such trials, data can be obtained while a round
is in-barrel, and during its subsequent flight to the target.
The data obtained during these stages can be used to
assess the effectiveness of new components and may
further inform future developments.

[0003] Conventional instruments, such as light-barri-
ers, pressure sensors, radar and high speed cameras,
are impractical for performing measurements of in-barrel
and in-shell behaviour during the firing process and sub-
sequent flight time. Further, wired means are not suitable
for tests involving the firing of munitions. As a result, re-
mote sensing and inferred techniques are often used to
obtain estimates for quantities including, but not limited
to, the barrel port pressure and muzzle velocity. Indirect
measurement and modelling approaches are typically
used. However, a comprehensive understanding of
these systems requires validation through direct meas-
urements. This is especially relevant when considering
the safety-related aspects of these systems which may
lead to dangerous consequences ifimproperly assessed.
[0004] Direct measurements can be obtained using
embedded sensors and data loggers. A key limitation in
using these systems is the incredibly short time periods
associated with in-barrel events. For example, the time
between around beginning to move and the round exiting
the barrel may be around 10 milliseconds. These sensor
systems must also be capable of withstanding the harsh
conditions associated with firing and impact. As such,
sensor systems intended for this purpose must be capa-
ble of acquiring data at a fast rate in the order of several
kilohertz, while also being extremely robust. These re-
quirements have resulted in most suitable sensor sys-
tems being relatively, or even prohibitively, expensive.
The high cost of these systems can be a significant barrier
to their use, particularly during trials where multiple com-
ponents or combinations are being tested, since costs
can quickly begin to spiral.

[0005] Another key drawback of using data logging
systems is the need to recover the fired rounds to allow
the recorded data to be retrieved and analysed. The re-
covery of fired rounds can reduce the costs associated
with using flash memory data loggers and several meth-
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ods can be used to provide a reasonable probability of
successful recovery. Unfortunately, these methods are
complex, difficult to access, expensive, or a combination
thereof since the round would need to be recoveredintact
and the interfaces remain unaffected by the physical
stresses. Even when using these methods, recovery of
the fired round is not guaranteed - leading to the loss of
equipment and data, which may be potentially classified.
Long turnaround times between firing and recovery typ-
ically require multiple data loggers to be usedirrespective
of whetherrecoveryis successful. In studies investigating
multiple variables e.g., different barrels, energetics,
masses, and propellants, the need for multiple data log-
gers can prove to be prohibitively expensive, particularly
when considering that each variable may require up-
wards of 12 rounds to be fired to obtain enough data for
valid conclusions to be drawn. In some cases, it may be
entirely impractical or impossible to recover the round,
for example, when a fired round becomes embedded in
the ground or a target.

[0006] Real-time telemetry systems have recently
been produced. For example, General Atomics’ BLU-
Fuze In-Flight Telemetry System comprises shock-hard-
ened sensors to measure the in-barrel and in-flight per-
formance of missiles, projectiles, munitions, and space
systems. The system supports the use of digital and an-
alog sensors. The system allows high-resolution launch
data to be streamed in real-time during a flight to allow
recovery of the launch while supporting ongoing mis-
sions. The associated cost of this system is approximate-
ly $10,000-20,000 per unit. These high costs remain pro-
hibitive for trails which seek to test multiple variables e.g.,
propellants, projectiles, and other weapon system com-
ponents.

[0007] In addition to the high costs of existing systems,
many are products of the United States of America. As
such, their shipment and use may be covered by the In-
ternational Traffic in Arms Regulations (ITAR) regime.
This may introduce additional administrative and distrib-
utive issues.

[0008] As outlined above, there is a clear need for a
reliable, disposable, and lower-cost alternative telemetry
system for use with large calibre munitions and weapon
systemtesting thatis suitable forbroader scale firing trials
and does not require recovery of fired rounds after use
whilst still providing empirical evidence to verify modelled
data. There is a further need for a system capable of
transmitting data in real-time with minimal latency, both
while the round is in the barrel of a firing system, and
during flight.

SUMMARY

[0009] According to a first aspect of the present inven-
tion, there is provided a data transmission system for use
with a projectile, the projectile being arranged for firing
from an artillery piece. The data transmission system
comprises at least one sensor arranged to sense at least
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one parameter with the at least one sensor producing an
analogue voltage output. The data transmission system
further comprises a first voltage-controlled oscillator,
configured to produce an output having a frequency pro-
portional to the at least one sensor’s voltage output. The
data transmission system further comprises an encoder,
configured to generate encoded data whereby the output
of the first voltage-controlled oscillator selects one of two
signal streams having different properties. The different
properties are configured to encode for different logical
states. The data transmission system further comprises
a transmitter configured to transmit the encoded data.
This system may remove the need for expensive and
inefficient fire-and-recover systems, whilst also reducing
the costs associated with the testing of new munitions
and firing system components.

[0010] According to another aspect of the present in-
vention, the data transmission system may further com-
prise a receiver. The receiver is arranged to be located
proximal to a muzzle of a barrel of the artillery piece. This
may allow the transmitted data to be received and makes
use of the barrel as a waveguide thereby enabling data
to be obtained for in-barrel events.

[0011] According to another aspect of the present in-
vention, the different properties of the two signal streams
used by the encoder may be based on a different fre-
quency and/or a different phase. This may provide flex-
ibility over the encoding technique that is used.

[0012] According to another aspect of the present in-
vention, the encoder of the data transmission system
may be one of a second voltage-controlled oscillator, or
a direct digital synthesis driver. This may provide flexi-
bility over the encoded output signals that may be pro-
duced.

[0013] According to another aspect of the present in-
vention, the data transmission system may comprise at
least one analogue sensor. Analogue sensors may not
be subject to clock delays, thereby providing good data
resolution and providing benefits over digital sensors.
[0014] According to another aspect of the present in-
vention, the data transmission system may comprise at
least one sensor configured to at least one of accelera-
tion, pressure, rotation, strain, temperature, and/or mag-
netic field. This may allow the projectile to obtain infor-
mation about a myriad of physical factors that may be
used for testing/development.

[0015] According to another aspect of the present in-
vention, the data transmission system may utilise the bar-
rel of the artillery piece as a waveguide for signals trans-
mitted by the transmitter. This may allow information re-
garding in-barrel events to be recorded.

[0016] According to a second aspect of the present
invention is a method of transmitting data using a data
transmission system for use with a projectile, the projec-
tile being arranged for firing from an artillery piece. The
method of transmitting data comprises the step of detect-
ing information, via at least one sensor, related to at least
one parameter and producing a sensor voltage output
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from the at least one sensor. The method of transmitting
data may further comprise the step of passing the sensor
voltage output through a voltage-controlled oscillator to
produce an output signal with a frequency proportional
to the sensor voltage output. The method of transmitting
data further comprises the step of generating encoded
data, whereby the output of the first voltage-controlled
oscillator selects one of two signal streams having differ-
ent properties. The different properties are configured to
encode for different logical states.

[0017] The method of further comprises the step of
transmitting the encoded data signal.

[0018] According to another aspect of the present in-
vention, the method of transmitting data may comprise
the step of receiving the encoded data signal, by a re-
ceiver.

[0019] According to another aspect of the present in-
vention, the method of transmitting data may comprise
the step of transmitting and receiving the encoded data
signal while the projectile is located within the barrel of
the artillery piece. This may allow information about the
projectile to be obtained during in-barrel events.

[0020] According to another aspect of the present in-
vention, the method of transmitting data may comprise
the step of transmitting and receiving the encoded data
signal while the projectile is in-flight. This may allow in-
formation about the projectile to be obtained during flight
without the need to recover the fired projectile.

[0021] According to another aspect of the present in-
vention, the method of transmitting data may comprise
the step of transmitting the encoded data signal live and
then re-transmitting the same encoded data signal fol-
lowing a delay. This may allow the two data sets to be
compared.

[0022] According to another aspect of the present in-
vention, the method of transmitting data may comprise
the step of correlating the encoded data signals sent live
and after the delay to identify differences. As suggested,
this may allow differences and/or errors in the two data
sets to be identified, such as the presence of noise or
other RF artifacts.

[0023] According to another aspect of the present in-
vention, the method of transmitting data may comprise
the step of decoding the received encoded data signal
by means of a Fast Fourier Transform. This may allow
the encoded data to be retrieved for analysis.

BRIEF DESCRIPTION OF THE FIGURES

[0024] The invention will now be described by way of
example only with reference to the figures, in which:

Figure 1 shows a schematic of an artillery firing sys-
tem;

Figure 2 shows a schematic of a data transmission
system, according to an embodiment of the inven-
tion; and

Figure 3 shows a schematic of a data transmission
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system, according to another embodiment of the in-
vention; and

Figure 4 shows a flowchart for a method of preparing
and transmitting a signal, according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0025] Figure 1 shows an artillery system 100 as may
be used in conjunction with the data transmission dis-
closed herein. The artillery system 100 comprises an ar-
tillery piece 110 configured to fire a projectile 120, round,
or shell. The projectile 120 may be a high-calibre projec-
tile with a diameter of e.g., 81mm, 105 mm or 155 mm.
The skilled person will appreciate that the system de-
scribed herein may be similarly applicable to other rela-
tively large-calibre projectiles.

[0026] The artillery piece 110 may be a gun, cannon,
howitzer, mortar, or the like. The artillery piece 110 com-
prises a barrel 130. The barrel 130 may further comprise
a muzzle 140 located at the tip of the barrel 130. Upon
firing, a projectile 120 is passed along the barrel 130,
expelled through the muzzle 140, and passes along a
flight path 150. The flight path 150 of the projectile 130
may be adjusted by altering the elevation of the artillery
piece 110, by increasing or decreasing the amount of
charge used to accelerate the projectile 120, or by chang-
ing the size and/or weight of the projectile 120 used.
[0027] The barrel 120 may comprise rifling configured
to impart a spin upon a projectile 120 to improve the sta-
bility of the projectile 120 during flight. The spin rate of
the projectile 120 may be approximately 200-300 radians
per second (1900-2800 revolutions per minute). Fired
projectiles 120 may leave an artillery piece 110 with a
muzzle velocity of up to 1100 m/s. Of course, the spin
rate and the muzzle velocity of the projectile 120 may
vary depending on the rifling arrangement, the type of
projectile 120 used, the charge used, and various other
factors that will be known to those skilled in the art.
[0028] The artillery system 100 may further comprise
a receiver 160 configured to receive a signal 170 trans-
mitted from the projectile 120. The encoded data signal
170 may be transmitted by the projectile 120 to convey
information about the fired projectile 120.

[0029] Figure 2 shows a schematic of a data transmis-
sion system 200 to provide live telemetry data of a pro-
jectile 120. The projectile 120 is arranged to be fired from
an artillery piece 110 as described in relation to Figure
1. The data transmission system 200 may be contained
within a fuse body 210 of the projectile 120. The projectile
120 may be inert/non-lethal, in that it may not contain a
primer, propellant, explosive charge, or a combination
thereof. A projectile 120 as described herein may be used
for training and/or testing purposes. For example, inert
projectiles 120 may be useful in the development of new
or modified projectiles 120.

[0030] The data transmission system 200 comprises
atleastone sensor 220. The atleast one sensor 220 may
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be configured to sense information relating to at least
one parameter. The at least one sensor 220 may be a
plurality of sensors arranged within a sensor module (not
shown). The at least one sensor may be configured to
monitor environmental and physical factors or parame-
ters including, but not limited to, acceleration, rotational
rate, displacement, velocity, pressure, strain, tempera-
ture, and magnetic field. The skilled person will appreci-
ate that this is a non-exhaustive list and that one or more
other sensors may be included according to the specific
requirements of the test or training exercise being under-
taken. The at least one sensor 220 is configured to pro-
duce an analogue voltage output. The voltage output of
the at least one sensor 220 may contain information re-
lating to the detected information relating to at least one
parameter. The at least one sensor 220 may be a digital
sensor. The digital sensor may be configured to generate
a digitally oscillated square wave instead of using a first
VCO.

[0031] The atleast one sensor 220 may be configured
to provide appropriate temporal resolution with a sam-
pling rate in the kilohertz frequency range, in that the at
least one sensor 220 is capable of obtaining data relating
to events occurring over short time scales. For example,
firing of the projectile 120 typically occurs over the span
of a few milliseconds. The at least one sensor 220 may
preferably be at least one analogue sensor. Analogue
sensors may provide a wide output bandwidth compared
to comparable digital sensors. Analogue sensors may
not be subject to clock delays, thereby providing good
data resolution.

[0032] The datatransmission system 200 further com-
prises a first voltage-controlled oscillator 230 (VCO). The
first VCO 230 is configured to produce an output signal
with a frequency that is proportional to the voltage output
of the atleast one sensor 220. The variability in the output
frequency of the first VCO 230 directly represents the
parameter information as detected by the at least one
sensor 220. The output signal produced by the first VCO
230 may be a square pulse-frequency modulation (PFM)
wave.

[0033] The datatransmission system 200 further com-
prises an encoder 240. The encoder 240 is configured
generate encoded data. The output of the first VCO 230
selects one of two signal streams having different prop-
erties. The different properties are configured to encode
for different logical states The different properties may
include frequency, phase, and other quantities as may
commonly used for shift keying purposes, as will be
known to those skilled in the art. The defined logical
states may be, for example, a0 or a 1.

[0034] The encoder 240 may generate an encoded da-
ta signal comprising different frequencies. The different
frequencies may be based on the output signal received
from the first VCO 230. Each of the different frequencies
may be associated with a defined logical state. Defined
logical states may be, for example,a O or a 1.

[0035] The encoder 240 may comprise a second volt-
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age-controlled oscillator or a directdigital synthesis driver
(DDS). The encoder 240 may be configured to output
one of two different frequencies using frequency shift
keying at each logic level. Amplitude shift keying (ASK)
or phase shift keying (PSK) may be used. However, fre-
quency shift keying (FSK) is preferable because it is gen-
erally easier to create withaVCO and itis generally easier
to detect in the resulting signals. When using a DDS,
phase shift keying (PSK) is preferable since it uses less
bandwidth which the skilled person would understand
could lead to an improved signal recovery.

[0036] The use of DDS may be preferable since it em-
ploys a continuous phase transition and the internal sine
wave lookup table needs no additional computation. The
output frequencies may be designed to centre around a
channel frequency with sufficient bandwidth deviation to
overcome the Doppler shiftincurred by the fired projectile
120. For example, a Doppler shift of 45 kHz may be ex-
pected. In this example, a centre frequency of 1 = 0.05
MHz may ensure that the keys do not overlap, thereby
ensuring a clear differentiation between low and high log-
ic states. In arrangements where an appropriate DDS is
used as the FSK generator, sine lookup tables and ac-
cumulators may be used to switch between frequency
keys. This approach is also applicable to an appropriate
DDS whereby the phase accumulator may be switched
or reversed.

[0037] The data transmission system 200 may further
comprise a mixer (not shown). The mixer may combine
signal channels with different centre frequencies with ap-
propriate band spacings. The combined frequency signal
may then be modulated onto a carrier signal for trans-
mission at industrial, scientific, and medical (ISM) radio
band frequencies. ISM band frequencies may range from
6.5 kHz to 250 GHz. The ISM band frequency used may
preferably be approximately 2.45 GHz, but this will be
confined to the bore of the barrel since the waveguide
cut-off frequency will vary with bore diameter. For exam-
ple, a 105mm diameter bore will have a lower cut-off fre-
quency for the TE10 mode at 1.67 GHz. Higher frequen-
cies may be chosen to negate background noise and
increase the gain of the signal, or for smaller calibre
rounds; conversely, lower frequencies can be used for
larger calibre rounds.

[0038] Using this arrangement, the reaction time of the
at least one analogue sensor 120 may be as short as
one cycle of the VCO changing/switching frequency. The
bandwidth of the entire signal may be narrow, particularly
if a Doppler profile is calculated first. This can be applied
to the recorded signal using digital signal processing
(DSP) to reverse Doppler. Doing so may reduce the de-
viation and channel spacing that is required.

[0039] The datatransmission system 200 further com-
prises a transmitter 250. The transmitter 250 is config-
ured to transmit the encoded data signal 170. The trans-
mitter 250 may be configured to transmit the encoded
data signal 170 live or in real-time. The transmitter 250
may be further configured to re-transmit the same en-
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coded data signal 170 following a delay. The delay may
be brief, for example, on the order of 10-30 milliseconds.
This arrangement may be used by an operator to assess
the correlation between the original (live) and delayed
signals. This can improve the reliability of the decoding
process to recover the transmitted data. The delay would
be chosen to negate any RF or magnetic influence of the
barrel, muzzle or hotionised gasses produced as a result
of the firing. In addition, the delayed data could allow a
smaller calibre round to use a lower ISM band frequency
for transmission, such that the barrel allows for the TE11
waveguide mode.

[0040] The barrel 130 of the artillery piece 110 may act
as a waveguide to aid transmission of the encoded data
signal 170 while the projectile 120 remains confined with-
in the barrel 130 of the artillery piece 110.

[0041] The fuse body 210 comprising a majority of the
components of the data transmission system 200 may
be disposable, in the sense that the components used
are relatively inexpensive. This enables a fire-and-forget
approach to be used, thereby removing the need to phys-
ically recover the fired projectile 120 to obtain the meas-
ured data. An advantage of this approach is that the cost
and time associated with firing tests may be reduced.
[0042] Figure 3 shows a schematic of a data transmis-
sion system 200 to provide live telemetry data of a pro-
jectile 120, as described above in relation to Figure 2.
The data transmission system 200 may further comprise
a receiver 260. The receiver 260 may be configured to
receive an encoded data signal 170 from a transmitter
250 within the fuse body 210 of a projectile 120. The
receiver 260 may comprise components necessary for
decoding and storing the data obtained from the encoded
datasignal 170. The receiver may be configured to record
data obtained from encoded data signal 170 live or in
real-time. This live recording of transmitted data may re-
move the need for the fired projectile to store the data
itself and be recovered.

[0043] The receiver 260 may be configured to obtain
an encoded data signal 170 from the projectile 120 while
the projectile 120 is still confined within the barrel 130 of
the artillery piece 110. The barrel 130 of the artillery piece
110 may act as a waveguide to facilitate the transmission
of the encoded data signal 170 to the receiver 260. For
example, a transmission frequency of 2.45 GHz may be
optimal for signal transmission from an 81 mm mortar
projectile 120.

[0044] The receiver 260 may be positioned proximal
to the muzzle 140 of the barrel 130 of the artillery piece
110 to improve reception of the encoded data signal 170.
[0045] The receiver 260 may utilise frequency-modu-
lated receiver blocks (either software or physical) to re-
ceive the encoded data signal 170 data at audio frequen-
cies (assuming the sensors gather data at a rate where
the encoder transitions <1MHz). This may improve the
efficiency of data storage and processing. The received
data may be decoded and thereby recovered by means
of a Fast Fourier transform (FFT) approach. Those skilled
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in the art will appreciate the subsequent analysis steps
associated with using such means. It is important that
the shortest transition of keyed data and the frequency
bandwidth are taken into consideration when digitally
capturing RF for use in an FFT. The receiver will need
to capture enough data so that the order of FFT will pro-
duce discrete frequency bins that will discriminate FSK
keying (where FSK is used), and have the desired tem-
poral dwell time so that all transitions are captured. For
example, a 50 MSPS sample rate might be used to cap-
ture data from the sensor with a maximum VCO frequen-
cy of 1 MHz or 1 us resolution between transitions; this
would imply that the mark and space frequencies need
to be at least 1 MHz apart.

[0046] Figure 4 shows a flowchart for a method 300 of
preparing and transmitting a signal for use with a projec-
tile 120. The method may be compatible with the data
transmission system 200 described in relation to Figures
2-3.

[0047] The method 300 comprises the step 310 of de-
tecting, via at least one sensor 120, information related
to at least one parameter. The at least one sensor 120,
as described in relation to Figures 2 and 3, may be con-
figured to monitor environmental and physical factors or
parameters including, but not limited to, acceleration, ro-
tational rate, displacement, velocity, pressure, strain,
temperature, and magnetic field. The skilled person will
appreciate that this is a non-exhaustive list and that var-
ious other sensors may be included according to the spe-
cific requirements of the test or training exercise being
undertaken. The at least one sensor 220 then produces
an analogue voltage output.

[0048] The method 300 further comprises the step 320
of passing the at least one sensor 220 voltage output
through a voltage-controlled oscillator 230 to produce an
output signal with a frequency that is proportional to the
voltage output of the at least one sensor 220.

[0049] The method 300 further comprises the step 330
of generating encoded data whereby the output of the
first voltage-controlled oscillator 230 selects one of two
signal streams having different properties. The different
properties are configured to encode for different logical
states. For example, the defined logical state may be a
0 or a 1.The encoded data signal may comprise different
frequencies based on the output signal of the voltage-
controlled oscillator 230 such that each of the different
frequencies is associated with a defined logical state.
[0050] The method 300 further comprises the step 340
of transmitting the encoded data signal 170. In the case
that the projectile 120 is confined within the barrel 130
of the artillery piece 110, the barrel 130 may be utilised
as a waveguide to aid transmission of the encoded signal
170.

[0051] The method 300 may further comprise the step
of receiving the encoded data signal by a receiver 260.
[0052] The method 300 may further comprise the step
of transmitting the encoded data signal 170 while the
projectile 120 is located within the barrel of the artillery
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piece 110.

[0053] The method 300 may further comprise the step
of transmitting and receiving the encoded data signal 170
while the projectile 120 is in-flight.

[0054] The method 300 may further comprise the step
of transmitting the encoded data signal at a first time that
is live, and subsequently re-transmitting the same en-
coded data signal at a second time point following a de-
lay. The method may further comprise the step of corre-
lating the live and delayed encoded data signals to iden-
tify differences and/or errors.

[0055] Experimental work has identified that the rota-
tional rate and orientation of a fired projectile 120 can be
inferred by measuring the polarisation mismatch loss at
the receiving antenna when the projectile 120 is config-
ured to emit linearly polarised microwaves. The encoded
data signal 170 amplitude may be greatest when the re-
ceiving antennas are aligned, and weakest when the an-
tennas are perpendicular to one another. Using this in-
formation may allow the angle of the fired projectile 120
to be determined at a given point in time. If the projectile
120 is spin-stabilised i.e., the barrel 130 of the artillery
piece 110 is rifled, this information may be related to the
displacement of the projectile 120, which would negate
the need for high-speed cameras when combined with
velocity information from the signal’'s apparent Doppler
shift. The acceleration of the projectile 120 may then be
determined by comparing this data at two points in time.
It may be preferable to use circularly polarised antennas
in order to obtain a more consistent signal amplitude.
[0056] Furtherexperimentalwork hasrevealedthatus-
ing a planar circuit board for low-flying direct fire can in-
ductively couple with the ground and is capable of caus-
ing the detuning of oscillators. This has been observed
where a carrier wave that is being emitted from a rotating
projectile 120, produces an oscillation in frequency (akin
to frequency modulation). This may allow the angle of
the shell to be determined at a position in time when
outside the barrel 130 of the artillery piece 110, which
would negate the need for high-speed cameras when
combined with velocity information from the signal’s ap-
parent Doppler shift.

Claims

1. Adata transmission system (200) for use with a pro-
jectile (120), the projectile (120) being arranged for
firing from an artillery piece (110), the data transmis-
sion system (200) comprising:

at least one sensor (220) arranged to sense at
least one parameter, the at least one sensor
(220) producing an analogue voltage output;

a first voltage-controlled oscillator (230), config-
ured to produce an output having a frequency
proportional to the at least one sensor’s voltage
output;
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an encoder (240), configured to generate an en-
coded data signal (170) whereby the output of
the first voltage-controlled oscillator (230) se-
lects one of two signal streams having different
properties, wherein the different properties are
configured to encode for different logical states;
and

atransmitter (250) configured to transmit the en-
coded data signal (170).

The data transmission system (200) of claim 1, fur-
ther comprising a receiver (260), wherein the receiv-
er (260) is arranged to be located proximal to a muz-
zle of a barrel (130) of the artillery piece (110).

The data transmission system (200) of claims 1 or
2, wherein the different properties of the two signal
streams used by the encoder (240) are based on a
different frequency and/or a different phase.

The data transmission system (200) of claims 1 or
2, wherein the encoder (240) is one of a second volt-
age-controlled oscillator, or a direct digital synthesis
driver.

The data transmission system (200) of any preced-
ing claim, wherein the at least one sensor (220) is
configured to measure at least one of acceleration,
pressure, rotation, strain, temperature, and magnet-
ic field.

The data transmission system (200) of any preced-
ing claim, wherein a barrel (130) of the artillery piece
(110) is configured to act as a waveguide for the
transmitter (250).

A method (300) of transmitting data using a data
transmission system (200) for use with a projectile
(120), the projectile (120) being arranged for firing
from an artillery piece (110), comprising the steps of:

detecting information, via at least one sensor
(220), related to at least one parameter and pro-
ducing a sensor voltage output from the at least
one sensor (220);

passing the sensor voltage output through a first
voltage-controlled oscillator (230) to produce an
output signal with a frequency proportional to
the sensor voltage output;

generating encoded data, whereby the output
of the first voltage-controlled oscillator (230) se-
lects one of two signal streams having different
properties,

wherein the different properties are configured
to encode for different logical states; and
transmitting the encoded data signal (170).

8. The method (300) of transmitting data of claim 7,
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10.

1.

12.

13.

14.

15.

further comprising the step of receiving the encoded
data signal (170), by a receiver (260).

The method (300) of transmitting data of claim 8,
wherein the encoded data signal (170) is transmitted
and received while the projectile (120) is located
within the barrel (130) of the artillery piece (110).

The method of transmitting data of claim 8, wherein
the encoded data signal (170) is transmitted and re-
ceived while the projectile (120) is in-flight.

The method (300) of transmitting data of claim 8,
wherein the transmitter (250) is configured to trans-
mit the encoded data signal (170) live and then re-
transmit the same encoded data signal (170) follow-
ing a delay.

The method (300) of transmitting data of claim 11,
comprising the step of receiving and correlating the
encoded data signals (170) sent live and after the
delay to identify differences and/or errors.

The method (300) of transmitting data of claim 8,
further comprising the step of decoding the received
encoded datasignal (170) by means of a Fast Fourier
Transform.

The method (300) of transmitting data of claim 10,
further comprising the step of inferring the rotational
rate and orientation of the fired projectile (120) by
measuring a polarisation mismatch loss at the re-
ceiver (260).

The method (300) of transmitting data of claim 14,
wherein an angle of the shell is determined at a po-
sition in time when the fired projectile (120) is located
outside of the barrel (130) of the artillery piece (110)
based on an oscillation in a frequency of a carrier
wave emitted from the fired projectile (120).
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