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This invention relates to fhe.electronically
monitored detection of darts or other missiles, entering

or being present in a target, such as a conventional fibe:
or bristle dartboard or other target board. '

BACKGROUND

_ In the past dart detection and location systeﬁs

and methods have relied upon an identifiable

electromagnetic signal or signals which is transmitted

‘10 between two antennae, one of which is one of a plurality
of electrically isolated areas of the target and the other
is a conventional wire or rod. One of these antennae is
electrically connected to a signal generating or
transmitting (transmit) circuit, and other of these

15 antennae is connected to a signal detecting (or receiving)
circuit. |

Essential to these prior methods and systems is
that each target area must be rendered electrically
conductive and must be'electrically insulated from

20 adjacent target areas so that a dart or other such missile
which becomes embedded in the conductive target area
material becomes electrically connected to a circuit
unique to that target area. :

. " When a dart becomes embedded into the target, it

25 forms an extension to the antenna so formed by the target
area, whether it be transmitting or receiving, and thereby
improves the efficiency of the'electromagnetic link and
results in an increase of the identifiable signal at the
target area, by which means the presence of the missile

30 may be detected. :

This arrangement suffers from the disadvéntages
that the target assembly is necessarily complex, suffering
from the need to maintain a high degree of uniformity of
conductivity of the target areas, a high degree of o

35 integrity of the electrical connections and a high degree
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This invention relates to the el ectronically noni- tored detection of darts

or other mssiles, entering or be- ing present in a target, sligpyf§HEET HAS BEEN
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In the past dart detection and | ocation S$¥stens and nethods haveTeted
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constructed targets. Moreover, the flbers or other
material which form the tarQet area into which the missile
5 is embedded must essentially'be made conductive to the
flow of electricity which has many disadvantages.
Another disadvantage is that these prior methods
and systems cannot generally be used with missiles in
_ which the portion of the missile which embeds into the
10 conductive material of the target area is itself
electrically nonconductive. In this case there would be
no conductive link between any conductive material which
may be in the missile body and which might function as an
antenna and the conductive material of the target area.
15 Thus, the prior methods_ahd sYstems are generally
inoperative were plastic or other nonconductive soft
tipped darts are used. Some jurisdictions have mandated
the use of soft tipped darts'and, even where they are not
mandated, they may be preferred from the safety
20 standpoint.

8 Y E INVENTI
One of the objects of the present invention is
to enable widely available, conventionally manufactured

25 targets to be used in automatic detection and location
systens. _

| Another object of the invention is to obviate
the need for a stable, identifiable electromagnetic signal
source. .

30 Still another object of the invention is to
obviate the need for a dart or other missile to be
electrically connected to the electronic circuitry or the
need to make electrical connections from or to the
material in the target areas and hence to obviate the need

35  for the target material to be conductive to the flow of

' electrical current. '
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the tar-g method or system. .

One principal aspect of the present invention
relies upon the fact that at locations where a target
board, such as an automatic dart or similar mechanism may
be installed, there will exist in the surrounding ether

10 electromagnetic radiation or "noise” which is of a useful
magnitude to irradiate, bathe and illuminate all points on

. the target surface at any instance in time. This '
radiation or "noise" may emanate from any one or more of a
number of natural and/or man-made sources, such as nearby

15 electrically powered equipment, lighting and the like. 1In

the invention, provision is made for detecting such noise
by electronic/computer circuitry which is shielded from
the noise on all sides, except through the target, and
which has a separate receiving sensor located behind each

20 designated target area. Each sensor is able to detect a
change or a disturbance in the characteristics of the
‘noise which is effected by the close proximity of a
physical mass, such as the body of a dart or other such
missile.

25 . Each sensor is located such that it will detect
the greatest electromagnetic disturbance when a missile is
closer-ﬁo,'located in or moves into close proximity to a
given target area. The effect of this disturbance is then

passed on to an electronic cemputing system based upon
30 high speed data'capture and relative comparison
techniques, by which means the presence of the missile and
its location with respect to the target may be deduced.
Conveniently, but not essentially, the circuitry
may be equipped with a variable filter for the purpose of

35 selecting any advantageous portion of the prevailing noise
- spectrum and discriminating against other portions
thereof. '
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In another prlnclpal aspect of the present
invention, where the ambient radiation or noise levels may
be insufficient to result in a change or disturbance in
the noise of a sufficient magnitude to permit consistent
detection and location of the missile, or where the
missile has only nominal amounts of electromagnetically
responsive materials in it and/or may be soft or plastic

tipped with a nonelectromagnetically responsive material,

an additional signal source may be provided at or
proximate to the target. The signal from this source may

' be employed to supplement the ambient noise or it may

transmit a specific electromagnetic signal of sufficient
strength to be utilized in the automatic sensing to
produce consistent results.

In contrast to the aforementioned prlor art the
present invention provides for the simultaneous sampling

.of all of the individual target areas, and removes any

dependence upon absolute signal levels or signal
stability. Instead it relies solely upon the relative
effects of interference with the noise or signal affected
by the close proximity, rather than electrical connection
of a missile, such as a qert, with the sensinq circuitry.

RIEF DESCRIPTION OF THE DRAWINGS
In the course of this description, reference
will be made to the drawings in which:
" FIG. 1 shows a target arrangement for a dart
game having a plurality of target areas which are assigned
different score values, and in which the missile detection

‘and location of the present invention may be incorporated;

FIG. 2 shows a partial cross-section of the
dartboard shown in FIG. 1 through several of the target
areas of the dartboard, and one preferred embodiment of a
signal sensing arrangement;

' FIG. 3 shows a partial cross-section of the
dartboard shown in FIG. 1, but a second preferred
embodiment of signal sen51ng arrangement,

\\“
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At 0 which
embodiment of a sxgnal sensing arrangement;

FIG. 5 shows a partial cross-section of the
dartboard similar to FIG. 2, but a fourth preferred
embodiment of a signal sensing arrangement; and |

FIGS. 6 and 7 show a suitable electronic circuit
for receiving and pfocésSinq the signals sensed by the

SSI e IS

signal_sensing embodiments of FIGS. 2-5.

DESCRIPTION OF THE PREF E ODIM
- The present invention relates to the detection
and location of a missile or projectile relative to a
target. As shown in FIG. 1, the target T may be a
dartboard which is mounted on a housing or stand H, and
which has a piurality of target areas A which have
preselected differing values. The housing H may house the
" electronic circuitry to be described later for processing
the sensed signals which are indicative of the location of
the darts D which have been embedded in target areas of
the dartboard T, and which compufe an ongoing score for '
the dart game beinq played. The housing H may also have a
display screen S, such as a cathode tube, for displaying
the score, and'a coin receiving mechanism C for-receiving
coins to initiate play of the game. 1In addiﬁion, a light
L may be provided to illuminate the target for visibility.
Although a dartboa:d'is described as an example
of a target in which the missile detection and location of
‘the present invention may be.utilized,_it is not intended
that the present invention be limited to use solely with a
dart game or board. It will be éppreciated that the
present invention may enjoy widespread use in other games .
which employ some fotm of target and missile, such as
archery. ' ' _
Refefring to FIG. 2, one preferred embodiment of
target sensing arrangement is shown for detectiﬁg and
sensing the location of a dart D which comes into close
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darts ame usedwaPdTeheUfatd of €Ae BargetbMdatonductive signal pickup
elements or strips 12 are selectively located beneath each
discrete target area A. The conductive elements 12 may
comprise thin plates of a conductive sheet metal which are
adhered to the base board 10, or preferably they are

10 formed by coating or painting them on the base board 10.
As shown in FIG. 2, each adjacent element 12 of a given
target area is spaced slightly by a gap 13 so that
adjacent elements of adjacent target areas are
electrically separated from each other. '

15 Fibers or bristles 14, which are typically
employed to form the face of a cohventibnal dartboard, are
affixed to the face of the base board 10 on the target
side and/or to the conductive sensing elements 12 by a

_ nonconductive glue 16. Holes 18 are formed in the base

20 boafd 10, one for each of the conductive elements 12, so

| that an electrical conductor 20 may be coupled with the
conductive pickup elements 12.
The conductors 20 extend from the elements 12
through to the side of the base board 10 opposite the

25 target face, and are protected by an insulator 22 to form
‘signal contacts 24. The elements 12 and conductors 20
thereby form receivers for receiving either the ambient
noise signals and/or any electromagnetic signals which may
be specifically generated for use in the sensing function

30 of the present invention. '

With the exception of where the rear of the base
board 10 is pierced by the holes 8 and insulators 22 at
the signal contacts 24, the whole of the rear of the base
board 10 is preferably covered by an electrically

35 conductive paint or film 26 which forms a ground plane.
' The film 26 is part of an electrically grounded Faraday
cage 28 which encapsulates the whole of the electronic -

T
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from the signal contacts 24 are preferably led to the
electronic circuitry 30 shown in FIGS. 6 and 7 by spring
contact wires 32.

Referring to FIG. 3, an alternative embodiment
is shown for the placement of the signal pickup
elements 12. In this embodiment a completed ordinary
commercially avaiiable dartboard may be modified for the
purpose of the_présent invention by slicing and cross-
sectioning its original base_bbard 10 into two discs 10A
and 10B. The typical commercially available dartboard
base boards are approximately 15 mm in thickness. When
sliced as shown in FIG. 3, disc 10A with the bristles 14
thereon will preferably be about 3 mm in thickness, and
the disc 10B about 12 mm in thickness. In this embodiment

the signal pickup elements 12 are paintéd or otherwise

fixed to the rear face of disc 10A as shown in FIG. 3, and
the holes 18 are drilled through the remainder of the base
board 10B. The insulators 22 and conductors 20 are
positioned as shown in FIG. 3, and the two parts 10A and
10B of the original base board 10 are then reaffixed
together again, such as by an adhesive.

_ Referring to FIG. 4, another preferred
embodiment of assembly is shown for conducting the signals
sensed by the signal pickup elements 12 through the base
board 10. In the embodiment shown in FIG. 4 the split
cross-sectioned disc construction of the base board of a
conventional dartboard is as shown as in FIG. 3 in which
the signal pickup elements 12 are fixed to the rear side
of the thinner disc 10A. In this embodiment the
insulator 22 is positioned in the hole 18 in the thicker
disc portion 10B, and the connector in the form of a
contact pin 20A extends through the insulator 22, but
short of direct contact with the element 12. A conductive
spring 34 extends between the contact pin 20A and the
signal pickﬁp element 12 to complete the electrical
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circuit for transmission of the signals from the
element 12 to the contact 24A.

Referring to FIG. 5, another preferred
embodiment of assembly is shown for conducting the signals
sensed by the signal pickup eléments through the base
board 10. In the embodiment shown in FIG. 5, the signal
pickup element 12 ié_coated or painted onto the target
face side of the base board 10 and the bristles 14 are
adhered to it by a suitable adhesive 16. Instead of the
conductors in the prior embodiments, the pickup element
conductive coating is continued down through the hole 18
in the base board 10 to form a conductor 36, and the
coating is further continued outward from the hole 18 at
the rear facé of base board to provide a contact surface
38 for the signal contact 24. The coated contact surface
38 is terminated so as to form a small gap 40 between it
and the conductive coating 26 which defines a part of the
Faraday cage to electrically isolate the conductive
coating 26 from the conductor 36 and contact surface 38.

In each of the embodiments shown in FIGS. 2-5 a
significant feature of the present invention is that the
bristles 14 into which the dart D is to be embedded need
not be, and in fact are not electrically conductive. This
nonconductivity of the bristles results in several
important advantages of the'present invention. In the
first instance conventional dartboards in which the

lbristles are not typically conductive may be used in the

present invention to substantially reduce the cost.
Moreover, the coating or otherwise treating of the
bristles to make them conductive, as is necessary in the
prior art in order for their sensing systems to properly
function, is avoided. This results not only in
eliminating the substantial expense for such coatings,

but also the operativé lifetime of the dartboards of the
present invention is substantially increased because the
conductive bristles of the prior art tended to lose their
optimum conductivity over time due to repeated impact from
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such barriers. It also avoids one of the problems of

prior art due to the penetratlon of these insulative

barriers by the dart tip after repeated usage, which

results in breakdown in the integrity of the insulative

pbarriers and malfunction. Due to the fact that the

10 bristles need not be and are not conductive in the present
invention, the bristles of adjacent target areas need not
be electrically insulated from each other.

Referrlng to FIGS. 6 and 7, a sultable
, electronic signal receiving and processing circuit 30, as
15 seen in FIG. 2, is shown by which the signals from each of
the signal pickup elements 12 are processed. It will be
appreciated that there will be a sensing element 12 for
each of the target areas, but only one has been shown in
FIG. 6 for simplicity. ' '

20 - Each of the respective signal pickup elements 12
which are located behind and in close alignment with the
designated target areas of the dartboard, is directly
connected to a filter 41, if it is desired to only sense a
portion of the electromagnetic spectrum, and to a two |

25 stage amplifier-sample and hold circuit 42. In the case
of a dartboard there will be sixty three target areas A,
elements 12 and amplifiers-sample and hold circuits 42.
The amplifier shown is preferably suitable either for the
utilization of low frequency of about 50 or 60 Hz ambient

30 noise, or specifically generated signals up and including
the telemetry band of about 150 KHz. Each amplifier
preferably includes two CMOS inverting gain stages 44 and
46 which are biased into a linear operating'mode by
resistors 48 and 50, and are coupled by capacitor S52.

35 The resulting signal is next passed through a
diode 54 to an electronic switch 56, and then to a low
loss storage capacitor 58. When switch 56 is turned on,

/
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and 5 by the capacitor until dlscharged by the following
- circuitry. All of the swltches 56 for each of the signal
pickup elements 12 are turned on and off at the same time
'by a buffer ampllfler 60 under the control of a
microprocessor 62.

10 Thus, irrespective of the absolute value of the
source signal at the point of sampling, the relationship
between the resulting stored charges will be a constant,
except when an event interferes with the received signal
so that the individual target pickup elements 12 are not

15 uniformly affected. This will occur for example, when a
missile is in close proximity to one of the target areas A
and its signal pickup element 12 so as to interfere with
the signal. _ '

In the case of a dartboard where there are 51xty

20 three target areas A and elements 12, each of the sixty

' three charge storage capacitors 58 for each target area is
singly connected to an input of a 63 to 1 signal routing
circuit comprising eight off 8 to 1 electronic switching
devices 64A-64H. Under the control of the microprocessor

25 62, each of the samples is passed to the siqnal processing
circuit shown in FIG. 7.

For simplicity, FIG. 7 shows eight of the 51xty
three storage capacitors 58A-58H connected to one of the
eight electronic switch blocks 64A-64H. 'The'voltaqe

30 resulting from the charge Qh~each of the capacitors 58 is
singly passed to a convenient high impedance buffer
amplifier 66, the output of which is taken to an analog to
digital converter 68 which converts the voltage into a
digitally encoded value which is equivalent to the analog

35 voltage value, and which is suitable for processing by the
digital microprocessor 62.
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The derived digitél value is not an absolute

value, but is equivalent to the ratio of the derived

voltage and two reference voltages (one more negative than
the sample and one more positive than the sample) which
are also applied to the analog to digital converter 68.
These reference voltages are determined by the charges
held in the capacitors 70 (negative ref.) and 72 (positive
ref.), buffered by high impedance amplifiers 74 and 76
respectively, and determined by the microprocessor 62 by
the following'adtions.- When the electronic switches 78

-and/or 79 are turned on by the processor 62, a charge is

allowed to build up on the capacitors 70 and/or 72, via
the resistors 80 and/or 81. The voltage resulting from

‘this will be proportional to the length of time for which

the processor 62 holds the switches 78 and/or 79 in the on .
state. Thus, the processor 62 is able to set the
reference voltage to suit the prevailing conditions.

By this means, not only is the analog to digital
converter 68 used to perform the converéion, it is also
caused to function as a variable gain émplifier under the
control of the program held in the processor 62.

| ‘The electronic switches 82 and 84 are used to
discharge the reference capacitors 70 and 72 via the |
current limiting resistors 86 and 88.

- Finally, the electronic switch 90 is used to
discharge each of the sixty three storage capacitors 58
via the current limiting resistor 92.

The microprocessor 62 controls the duration of
the sample period as a way to maintain workable signal
levels. The microprocessor 62 is able to repeatedly store
and compare the signals in a well known manner, and so
detect any changes which may be due to the close proximity

‘of an object, such as the missile or dart D, which

interferes with or disturbs the noise which the target
area otherwise receives by the use of conventional auto
and cross:correlation techniques. The microprocessor 62,
once it detects the fact that a missile has been embedded

_______f_____‘____
| This Sheet Has Been R,

T rlll




behind‘each desi gnated target area. Each sensor -is able to detect a change -
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and its location with Remptet sburckes ofr gbectugmagnebic noise which
5 might affect the perceived signals will affect all of the
target areas more or less equally. Thus, despite the -
unpredictability of the sighals, they will still provide
the required detection conditions. Near events that might
transiently cause the ambient noise to fall below or rise
10 above a reasonable working level will be discounted by the
microprocessor, and only darts or other non-transient
close proximity objects will have an unequal effect and
will thereby be positively identified.
' Because the present invention operates on a
15 principle of interference with the incoming _
electromagnetic signals; at least some portion of the
missile should include a material which is
electromagnetically responsive. In the case of typical
steel tipped darts, both the tip as well as the body of
20. the dart are usually electromagnetically responsive. 1In
the case of soft or plastic tipped darts, the tip is
generally not electromagnetically responsive (unless the
plastic is coated or impregnated with such material), but
the body is. Whichever darts are used, there is a
25  sufficient amount of electromagnetically responsive
material to provide sufficient interference with the
incoming signals to permit missile detection and location.
_ The signal interference of the invention is to
be distinguished with the antennae function of the
30 missiles in the systems of the prior art. In order to
function as an antenna as in the prior art, electrical
- conduction of the signals was necessary between the
missile and its tip and conductive elements behind the
material into which the dart was embedded. Thus in the
35 case of prior dartboards, it was heéessary that the
' material into which the dart was to be embedded be
~ electrically conductive. This is not necessary in the
e
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Y emasé)eztlaolr 4 aésg IaC dteI substantlally less than the depth
5  of the nonconductive material 14, the t1p is spaced from
the signal sen51nq element 12, and the element 12 receives
the signals directly which pass through the nonconductive
material. The embedded missile only interferes with or
disturbs the incoming signal so that the signai which is
10 received by the element is altered from the signal which
was originally received in the absence of the missile. In
fact, in the present invention, the dart or other missile
may actually be sensed even before it embeds in the target
area, but has moved into close proximity to the target
15 area.
| Although it is believed that the operation of
the detection and location system and method of the
present invention will be evident to those skilled in the
art from the foregoing description, a brief description of
20 the operation will follow.

At all times the target or dartboard T will be
bathed in and illuminated by ambient electromagnetic
noise. This noise will pass through the dartboard
material, such as the nonconductive bristles 14, and be

25 received and sensed by the signal pickup elements 12. The
sensed signal will be passed through the conductor 20,
contacts 24, contact wires 32 and the electronic
processing system 30. At the commencement of a game and’
before'any missiles or darts D have been thrown, these

30 signals will be sensed to be those of the ambient,
uninterferred signals.

When a dart D moves into close proximity to a
target area, or is embedded in the dartboard bristles 14
as shown in FIG. 2, any electromagnetlc responsive

35 material, such as steel, from which either or both the
dart body or tip are formed, will interfere with the
incoming signal that is being received by the signal

This Sheet Has Been Rep

(I i llll




noneleétronagnetically responsive material, an addi- tional sigasd QQSBEéQq

may be provided at or proximate to the tapget. The signal fror1‘ﬂ§§ g NCED
may be enpl oyed to suppl enent the anbient noise or it may trarsmit

specific el ec} {%”@iérﬁe&t&”ﬁi £ end Fepkgdd aité@nﬂi it fopeehl iddzed in
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roduce consjst- ent resu
becomes embe ded. This interference w111 disrupt and

change the incoming signal which reaches the element 12 in
that target area. This change or alteration will be
sensed by the electronic processing system 30 to result in
detection of the presence of the dart and determine its
location. Once detection and location have taken place,
the signal may be processed by the microprocessor to
calculate the appropriate.score) and that score may be
displayed on the screen S, as shown in FIG. 1.

It is conceivable that under certain
circumstances the ambient électrpmagnetic noise levels at
a givén location may be insufficiently low so that the
magnitude of the signal change due to interference from
the missile may be insufficient to permit consistent
detection to the extent desired. This condition may also
occur where the amount of electromagnetic responsive
material in the missile D is only nominal, or if it is
adequate in the missile body, the tip of the missile is
formed of a soft, plastic nonelectromagnetic material. In

the latter instance, the tip may result in the positioning

of the electromagnetié responsive material at too great a
distance from the signal pickup elements 12 which could
result in a reduction in consistency of detection.

In these instances a separate signal
transmitting source 52, as shown in FIG. 1, may be

'providéd inlproximity to the target T. This signal

source 52 may itself generate random electromagnetic noise
to supplement the existing ambient noise, or it may '
provide a specific electromagnetic signal which the
circuitry of the present invention is specifically tuned
to receive. In either case, the embodiments as previously
disclosed herein may be used essentially without change,
and will function the same way and in the same manner as
previously described. Thus, the embodiments shown in
FIGS. 2-5 need not be altered in any respect where the
signal source 52 is provided.
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5 i In contrast to the aforenentioned prior art the p — ]
Tﬁ BEEN

i nvent i on provides for the sinultaneous sam pling of all of}t Eﬁg: '&E SaF
Leve ok

target areas, and renoves any dependencqﬁqpon absol ute signa o+
si gnal stabillty Instead it relies solély upon the relative effects

It will be'understood that the preferred
embodiments of the present invention which have been
described are merely illustrative of the principles of the
present invention. Numerous modifications may be made by

5 those skilled in the art without departing from the true
spirit and scope of the invention. ' '

—_—
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I CLAIM:

1.

A system for detecting and locating a missile

" embedded in a target, comprising:

a target having a face having a plurality of
target areas formed of a electrically nonconductive
material, and into which one or more of the missiles
may be selectively embedded;

a signal receivihg element for receiving and
sensing electromagnetié signals which pass through
said nonconductive material at each of said target
areas, said element being positioned on a side of
said nonconductive material opposite said target
face; and _ '

' processing means electrically connected to each

of the elements, said processing means distinguishing

between a first electromagnetic signal which is
received and sensed by one of said elements in the
absence of a missile, and a second signal which
results from the altération_of said first signal by a
missile, at least a portion of which is formed of an
electromagnetic responéive material, and which is in
close proximity to said last mentioned target area :o
detect the presence and location of the missile.

The system of claim 1, including a shield for
shielding at least a portion of said processing means
from all directions other than the face of the
target. '

The system of claim 1 or claim 2, wherein said processing'

means includes a computer'for distinguishing between
said first and second signals.

The system of claim 1, claim 2 or claim 3, wherein said

processing means includes simultaneous sampling -and

hold circuitry which examines the electromagnetic signals'

received by said elements at each said target area.
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BRI EF DESCRI PTI_foNl'lw Hﬂm " In.the course of thisrUeFSTLREET fAs BEEN |
reference will be aw. ngs in which: FI G 1lshowspgplagpet

arrangenent for a dart gane having a pharality of target ch
are assigned different score values, and in which the mssile de-
tection ﬁné.l ocahéoeylstehh@fpanyeahei Bffenﬁieoprﬁﬁbdﬁﬁg glaji“@"'r mhieateddy said
FIG 2 shows a partial _.cross-section,of the.dart,- oar 0 in F.G_ 1
t hr ough éeveralméFeFﬁéltéﬂﬁetWﬁ1Ch the missile is to beé emge%%égncomprlses
electrically nonconductive fibers.
6. The system of any one of the preceding élaims,'wherein said

electromagnetic signals comprise ambient electromagnetic
noise emanating from a source remote from said target.

7. The system of claim 6, including discriminating means to
select a predetermined portion of the spectrum of said
ambient electromagnetic noise for said signals.

8. The system of any one of the preceding claims, including an
electromagnetic signal transmitter for producing said )
electromagnetic signals and illuminating the target with the
signals.

9. The system of any one of the preceding claims, further
including a said missile, said missile including a tip which
is constructed to be embedded in said material, and said tip
is formed of a nonelectromagnetic responsive material.

10. The system of claim 9, wherein said tip is formed of
plastic.

11. The ‘system of any one of claims 1 to 8, further including a
said missile, said missile including a tip which is
constructed to be embedded in said material, and said tip is
formed of an eléctromagnetic responsive material.

12. The system of any one of the preceding claims, wherein said
missile is a dart. '

13. The system of claim 12, wherein said target is a dartboard
having a plurality of target areas which are assigned
preselected values.

This Sheet Has Been Replaced

[




ciese o oo oo (UMMM o coervoy . oent, o PR s

board shown in FIG 1, but a second prQE%Lred em bodi ment—of—s+grrat

sensi ng arrangenent; FIG 4 shows a“partial cross-section of the dart-

boar d S|n1l ﬁgengﬁ sygteﬁléfagighﬁdlprﬁﬁgféfﬂ gakadtargeti GoMprakes:si gnal

sensing arr ows .a partial cross-section of _the _dart-
board sinilar to FI Gan2eleatricadlyt nopeepductivenbase haying.a: fiFsh

Z:ggfLOﬁ?QSLchﬁégaPQQQEQEg 2ada tarEéEEhrEaandna ahgaecenduoppbsite
t he _ side, said electricdily 4 BhSe S LR Tve "SatkBd1 SoEcRAEY DY

5. target areas being fixed to said first side and said
signal receiving element being positioned between
said material and said second opposite side;

an electrical conductor electrically connected to
said signal receiving element and extending through

10 said base to said second opposite side thereof; and

a contact electrically connected to said
conductor adjacent said second opposite side.

15. The system of claim 14, wherein said signal receiving
element is coated on said base.

16. The system of claim 15, wherein said conductor'is
also coated on said base and is integral with said
signal receiving element.

17. The system of claim 14, wherein said conductor
comprises a pin extending into said base and
electrically connecting said signal receiving element
and said contact.

18. A method of detecting and locating a missile embedded
in a target, comprising: | -
illuminating a plurality of target areas of the
target with at least one electromagnetic signal;

5 ' passing the electromagnetic signal through an
electrically nonconductive material of the target
areas;

sensing said electromagnetic signal after it
passes through the nonconductive material;
10 altering the electromagnetic signal which passes
through the nonconductive material by positioning a
missile in close proximity to the material of at '
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si gnal sensi ng enb mm’ﬂlﬂmﬂ” ﬁm DESCRI PTI ON OF THE[ g ERBEDHAS BEEN
"EMBODI MENTS on relates to the detectiion anrEPLACED

| ocation of a nlsS|Ie or prOJectlle relative to a target. As own 1 n Fl G
1, the target T may be a dartboard which is nounted on a housi ng or stand
H, and which has aleast one of the target areas to interfere with said

signal; _ .
sensing the altered signal; and
processing"the signals which have been sensed both
before and after the missile has been positioned in close
proximity to the target area to detect the presence of the
missile and its location. |

' 19. The method of claim 18, wherein said processing includes
sampling and holding the signals to examine the signals
which have been sensed at each target area at the same point
in time.

20. The method of claim 18 or claim 19, wherein said material
comprises a plurality of electrically nonconductive fibers.

21. The method of claim 18, claim 19 or claim 20, wherein said
electromagnetic signal is ambient electromagnetic noise
emanating from a source remote from said target.

22. The method of any one of claims 18 to 21, including
selecting a predetermined portion of the spectrum of said
ambient electromagnetic noise for the sensed signals.

23. The method of any one of claims 18 to 22, including
genérating and transmitting electromagnetic signals to
illuminate the target.

24. The method of any one of claims 18 to 23, wherein at least a
| portion of the missile is formed of an electromagnetic |
responsive material which interferes with the
electromagnetic signal to alter the signal.

25. The method of claim 24, wherein the missile includes a tip
which is embedded in the material of the target area, and

the tip is formed of a nonelectromagnetic responsive
material.

... This Sheet Has Been Replac
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processi ng the sensed signals which are i@ cative of the | ocati on REPLAGED
darts D which have been enbedded in taag;; areas of the dartboard T, and

whi ch conaé.e Theongtmgl sxbreldim 2%he whereignithe & in 8 BAABtIRe housing
H may al so - :

p[urafity of tt H “ B!E"ﬁum!'ch have preselected differ- ing_values. The .
housi ng H may s0nic cir- cuitry to be describeiihﬁQSHEEDHASBEEN‘

27. The method of claim 24, wherein the missile includes a tip
which is embedded in the material of the target area, and
the tip is formed of an electromagnetic responsive material.

28. The method of any one of'claims 18 to 27, wherein the

missile is a dart.

29. The ﬁethod of claim 28, wherein said target is a dartboard
having a plurality of target areas which are assigned
preselected values.

30. The method of any one of claims 18 to 29, wherein the
missile which is positioned in close proximity to the
material of at least one of the target areas is embedded in
said material.
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have a di spl ay screen S, such as a cathode tube for displayi gﬂEﬁ&HﬁE&ﬂ%gBEEN

and a coin receiving mechanism C fof ‘receiving coins to initidte pI§§P¥ﬁC

the gane. In ad- dition, a light L may be provided to illum nafe the target
for visibility. Although a dartboar®l-s described as an exanple of a
target in which the mssile detectlon and Iocatlon .of the present invention
may be utilized, it is not |ABSERALS WtTHE : PRRE nvention be limted

to use sol el y wi i +qail JATR Rt 1843R0 '.'lbc%h.bnbfaﬁﬂégfilékf?dshbﬁt the

present invention nay enjoy w despread use_in,other gg mhlch enpl oy sone
form of tar@st daxksni axe élsﬁlé’ﬁeés ip whdFp either ambient

electromagnetic noise or specifically transmltted
“electromagnetic impressed signals are altered by

5 interference from the missile, and this change is detected
to detect the missile and its location. The material of
the target area into which the missile is embedded is
electrically nonconductive.
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Referring to FIG 2, .one preferred enbodl rrent of target sensi n}ng}sr g BEEN
is shown for detecting and sensing the location of a dart D which cQREACED

into close proximty to or has becone enbedded in the dartboard T. As
shown, the dartboard T preferab rises a bas ard 10 of a suitable

I nsul ative material, such as aEEy g%g chlpb ar On the side of the
base board 10 toward the face T, cogdugthlve signal pick- up
el ements or strips 12 are selectively Iocated ben h each discrete target
~area A. The conductive ements 12 may conprise thin plates of a conductive
sheet netal which are hered to the base board O, or preferably they are
formed by coatin Tt fn il { ']
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board 10. As shown in FI G 2, each adjacent elenent 12 of a g|
area is spaced slightly by a gap 13 so that adjacent el enents

dgﬁ THAS BEEN
RESEAE ED

target areas are electrically separated fromeach ot her.

8 FIG. 4
4
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FIG. 5

16
I0A

(o] )

et Has Been Replaced

hII\I\l i [




Fibers or bristles 14, which are typically enpl oyed to formt ce—of |
convent i onal dartboard are affixed to the face of the base Db §HH5$®i3HH@%EE
target side and/ or to the conductive sensing elenents 12 by non

ductive glue 16. Holes 18 are fornmed i-n the base bo d 10, one for each of
the conductive elenments 12, so that an el ectrical cior 20 mhy be
coupled with the con- ductive pickup el g —Tomucliors 20
extend fromthe elenents 12 through to tlhe side of t he base board¢ 10
opposi-te the target face, and are proteﬂted by an insulator 22 t¢ form
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signal® contacts 24. The el enents 12 and conductors 20 thereby OftilS SHEET HAS BEEN
receivers for receiving either the anbient noi se signals and/of any REPLACED

el ectromagnetic signals which may be specifically generated fofuose—t+a—+re
sensing function of the present invention. Wth the exception of where

the rear of the base 53510 pierced by the holes 18 and insulators 22

at the signal contacts thefwhol e of the rear of the base board 10 is
preferably covered by an €l ectrically con- ductive paint or film 26 which
forms a ground plane The film26 is part of an elecirically grounded
Faraday cage 28 whi ch encapsul ates the whol e of the electronic as- senbly
30 so that only signals detected by the el enents
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12 are abie to reaymrcwtry The si{oraissSHEEBHASHRERN §ria REROMIEAENG SHEET
are pveferably | ed el ectronic circditry RBPISAMI in FIGE 6 and 7 by
spring-contact wres 32 e _ 9 13 MAR 1597
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This Sheet Has Been Replaced MISSILE DETECTION AND LOCATION

This invention relates to the electronically

monitored detection of darts or other missiles, entering
‘or being present in a target, such as a conventiona; fiber
or bristle dartboard.or other target board.

TECHNICAL FIELD

BACKGROUND

In the past dart detection and location systems
and methods have relied upon an identifiable
electromagnetic signal or signals which is transmitted
between two antennae, one of which is one of a plurality
of electrically isolated areas of the target and the other
lS a conventional wire or rod. One of these antennae 1s
,electrlcally connected to a signal generating or
transmlttlng {transmit) circuit,. and other of these
antennae is connected to a signal detectlng {or rece1v1ng)
circuit. ) '

Essential to these prior methods and systems is
that each target area must be rendered electrically
conductive and must be electrlcally insulated from
adjacent target areas so that a dart or other such missile
which becomes embedded in the conductlve target area
materlal becomes electrically connected to a c1rcu1t
unlque to that target area.

When a dart becomes embedded into the target, it
forms an extension to the antenna so formed by the target
area, whether it be transmitting or receiving, and thereby
improves the efficiency of the electromagnetic link and
results in an increase of the identifiable signal at the
target area, by which means the presence of the missile
may be detected. _

This arrangement suffers from the disadvantages
that the target assembly is necessarily complex, suffering
from the need to maintain a high degree of uniformity of
conductivity of the target areds, a high degree of

: integrity of the electrical{coﬁnections and a high degree



Referring to FIG 3, an alternative enbo
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of integrity of electrical isolation between the discrete
target areas, requiring the use of expensive, specially

constructed targets. Moreover, the fibers or other

material which form the target area into which the missile
is embedded must essentially be made conductive to the

flow of electricity which has many disadvantages.

Another disadvantage is that these prior methods
and systems cannot generally be used with missiles in
which the portion of the missile which embeds into the

conductive material of the target area is itself

electrically nonconductive. In this case there would be
no conductive link between any conductive material which
may be in the missile body and which might function as an

antenna and the conductive material of the target area.

Thus, the prior methods and systems are generally

-inoperative were plastic or other nonconductive soft: --

tipped darts are used. Some jurisdictions have mandated

the use of soft tipped darts-and, even where they are not

mandated, they may be preferred from the safety
standpoint. '

SUMMARY OF THE INVENTION

One of the objects of the present invention is

to enable widely available, conventionally manufactured

targets to be used in automatic detection and location

systens.

Another cbject of the .invention is to obviate .

the need for a stable, identifiable electromagnetic signal

-source.

Still another object of the invention is to

obviate the need for a -dart or other missile to be

electrically connected .to the electronic circuitry or the

need to make electrical connections from or to the

material in the target areas and hence to obviate the need
for the target material to be conductive to the flow of

electrical current.



the disc 1 OB about 12 mmin thickness.
pi ckup el ements 12 are painted or oth- =ﬂmﬂ%§Hﬁ$&§dS@5EFh
di sc 10A as shown in FIG 3, and the holes 1REFLACHEP] |

remai n- der of the base board 1 OB. The insulators 22 and c
are positioned as showmn in FIG 3, and the two parts 10A an
original base board 10 are then reaffiged together again, s
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adhesi ve. Referring to FIG 4, another preferred enbodi nent of assenbly
is shown for conducsthglt Anotheralobjeets ed mmeﬂﬁnvéqpﬁnnpi%ktm)mﬁkments 12
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nonconductive soft or plastic tipped missiles or darts in

conjunction with an automatic detection and location

) method or system.

One principal aspect of the present invention

relies upon the fact that at locations where a target

board, such as an automatic dart or similar mechanism may

be installed, there will exist in the surrounding

ether

) electromagnetic radiation or "noise" which is of a useful

magnitude to irradiate, bathe and illuminate all points on

the target surface at any instance in time. This

radiation or "noise" may emanate from any one or more of a

number of natural and/or man-made sources, such as nearby

; electricaliy powered equipment, lighting and the like. _In
the invention, provision is made for detecting such -noise
by electronic/computer circuitry which is shielded from

the noise on all sides, except through the target,

and

which has a separate receiving sensor located behind each
) designated target area. Each sensor is able to detect a

change or a disturbance in the characteristics of
noise which is effected by the close proximity of

the
a

physical mass, such as the body of a dart or other such

missile.

; ' Each sensor is located such that it will detect .

the greatest electromagnetic disturbance when a missile is

closer to, located in or moves into. close proximity to a.

given target area. The effect of this disturbance is then

passed on to an electronic computing system based upon .-

)  high speed data capture and relative comparison

techniques, by which means the presence of the missile and

its location with respect to the target may be deduced.
Conveniently, but not essentially, the circuitry

may be equipped with a variable filter for the purpose of

; selecting any advantageous portion of the prevailing noise

spectrum and discriminating against other portions

.___________________
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ventional dartboard is as shown as in Fl HF]S RO HAS BEBE |Si g AEPLACKMENT SHEET
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glenments 12 are fixed to the rear side of §§ﬁﬁ@@m di sc . In this
enbodi nent the insulator 22 is positionetd—n—tihe—totre I8 Tn th tI1|3:M¢,R 1597
disc portion 1 OB, and the connector in the formof a contact}{ gin 20

extends through the insulator 22, but_ghort of direct con- tgct mnyn tire

el ement 12. A conductive spring 34 extends between the contadt_pin 20A and

t he signal pi ckup eiﬁ aﬁgeﬁe§2 +9ne? hehgpbae aﬁaahatpﬂesaﬁunut for
transn1s-l§¢§g¥£gnt Shgégnthe EQSQL% ergdg Q%n?%é”%JJ¥%‘¥£¥é¥é ﬁ%@A
'

be insufficient to result in a change or disturbance in .
the noise of a sufficient magnitude to permit consistent
detection and location of the missile, or where the
missile has only nominal amounts of electromagnetically
responsive materials in it and/or may be soft or plastic
tipped with a nonelectromagnetically responsive matérial,
an additional signal source may be provided at or
proximate to the target. The signal from this source may'
"be employed to supplement the ambient noise or it may
transmit a specific electromagnetic signal of sufficient
strength to be utilized in the automatic sensing to
produce consistent results.

| In contrast to the aforementioned prior art the
present invention provides for the simultaneous sampling .
of all of the individual target areas, and remo?es any
dependence upon absolute signal levels or signal _
stability. Instead it relies solely upon the relative
effects of interference with the noise or signal affected
by the close proximity, rather than electrical connection
of a'missile, such as a dart, with the sensing circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS

In the course of this description, reference
will be made to the drawings in which:

FIG. 1 shows a target arrangement for a dart
game having a plurality of target areas which are assigned
different score values, and in which the missile detection
and location of the present invention may be incorporated;

FIG. 2 shows a partial cross-section of. the
dartboard shown in FIG. 1 through several of the target
areas of the dartboard, and one preferred embodiment of a
signal sensing arrangement;

- FIG. 3 shows a partial cross-section of the
dartboard shown in FIG. 1, but a second preferred

embodiment of signal sensing arrangement;

This Sheet Has Been Rep lac..
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FIG. 4 shows a partial cross-section of the
dartboard similar to FIG. 3, but a third preferred
embodiment of a signal sensing arrangement;

FIG. 5 shdws a partial cross-section of the
dartboard similar to FIG. 2, but a fourth preferred
embodiment of a signal sensing arrangement; and

FIGS. 6 and 7 show a suitable electronic circuit

10 Referring to FIG 5, anbth

ifnment
shown for o du
t hr ough t

-5=-

for receiving and processing the signals sensed by the
signal sensing embodiments of FIGS. 2-5.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention relates to the detection

and location of a missile or projectile relative to a
target. As shown in FIG. 1, the target T may be a
dartboard which is mounted on a housing or stand H, and.
which has a plurality of target areas A which have .
preselected differing values. The housing H may house the
electronic circuitry to be described later for processing
the sensed signals which are indicative of the location of
the darts D whicH have been embedded in target areas of
the dartboard T, and which compute an ongoing score for -
the dart game being played. The housing H may also have a
display screen S, such as a cathode tube, for displaying
the score, and a coin receiving mechanism C for receiving
coins to initiate play of the game. 1In addition, a light .
L may be provided to illuminate the target for visibility.

Although a dartboard is described as an exanmple
of a target in which the missile detection and location of
the present invention may be utilized, it is not intended
that the present invention be limited to use solely with a
dart game or board. It will be appreciated that the
present invention may enjoy widespread use in other games
which employ some form of target and missile, such as
archery.

Referring to FIG. 2, one preferred embodiment of
target sensing arrangement is shown for detecting and
sensing the location of a dart D which comes into close



10.” I'n the enbodi rent shown in FIG 5, rtd .§h1 AB'BEEND eIeTeﬁ?nngMENT SHEET |
coated or painted onto the target face siﬁ% lekﬁngase oarf L0 t he, '
bristles 14 are adhered to it by a suittable aé%cokvc 6 | ns ead‘€£?@“%1997
conductors in the prior enbodi nents, the pickup el ement condpcg_tive
coating is continued down through the_gole 18 in the base boprd 10 to form
a conductor 36, and the coating is further continued outwar d-+em-t-he-hole ___|
18 at thgrSamiafadfoPasss eetens ceibeyada @nCenkaaarsbohedeT38 for the

orm a ort SR a0 e dREroTAEant PHEEEEAALE: FUBPESEPNS DBSHN ch def i nes
a part ofpdsre Fou asifiya cagitdlolel Ensulative maberntisly heuchndscti ve coat -
composite or chipboard. On the side of the base board 10
toward the face of the target T, conductive signal pickup
elements or strips 12 are selectively located beneath each

discrete target area A. The conductive elements 12 may
comprise thin plates of a conductive sheet metal which are
adhered to the base board 10, or preferably they are
formed by coating or painting them on the base board 10.
As shown in FIG. 2, each adjacent element 12 of a given
target area. is spaced slightly by a gap 13 so that
adjacent elements of adjacent target areas are.
electrically separated from each other. .

Fibers or bristles 14, which are typically
employed to form the face of a conventional dartboard, are
affixed to the face of the base board 10 on the target -
side and/or to the conductive sensing elements 12 by a
nonconductive glue 16. Holes 18 are formed in the base
board 10, one for each of the conductive elements 12, so
that an electrical conductor 20 may be coupled with the
conductive pickup elements 12. _

The conductors 20 extend from the elements 12.
through to the side of the base board 10 opposite the
target face, and are protected by an insulator 22 to form
signal contacts 24. The elements 12 and conductors 20 *
thereby form receivers for receiving either the ambient
noise signals and/or any electromagnetic signals which may
be specifically generated for use in the sensing.function
of the present invention.

With the exception of where the rear of .the base
board 10 is pierced by the holes 8 and insulators 22 at
the signal contacts 24, the whole of the rear of the base
board 10 is preferably covered by an electrically
conductive paint or film 26 which forms a ground plane.

The film 26 is part of an electrically grounded Faraday .

cage 28 which encapsulates the whole of the electronic
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assembly 30 so that only signals detected by the
elements 12 are able to reach the circuitry. The signals
from the signal contacts 24 are prefetably-led to the
electronic circuitry. 30 shown in FIGS. 6 and 7 by spring
contact wires 32.

Referring to FIG. 3, an alternative embodiment
is shown for the placement of the signal pickup
elements 12. In this embodiment a completed ordinary
commercially available dartboard may be modified for the
purpose of the present invention by slicing and cross-
sectioning its original base board 10 into two discs 10A

. and 10B. The typical commercially available dartboard -
base boards are approximately 15 mm in thickness. When
sliced as shown in FIG. 3, disc 10A with the bristles 14 -
thereon will preferably be about 3 mm in thicknhess, and.
the disc 10B about 12 mm in thickness. In this embodiment
theé signal pickup elements 12 are painted or otherwise -
fixed to the rear face of disc 10A as shown in FIG. 3, and
the holes 18 are drilled through the remainder of .the base
board 10B. The insulators 22 and conductors 20 are
positioned as shown in FIG, .3, and the two parts 10A and
10B of the original base board 10 are then reaffixed
together again, such as by an adhesive..

Referring to FIG. 4, another preferred
embodiment of assembly is shown for conducting the signals
sensed by the signal pickup elements 12 through the base
board 10. In the embodiment shown in FIG. 4 the split
cross-sectioned disc construction of the base board of a
conventional dartboard is as shown as in FIG. 3 in which.
the signal pickup elements 12 are fixed to the rear side
of the thinner disc 10A. In this embodiment the :
insulator 22 is positioned in the hole 18 in the thicker
disc portion 10B, and the connector in the form of a
contact pin 20A extends through the insulator 22, but
short of direct contact with the element 12. A conductive
spring 34 extends between the contact pin 20A and the

signal pickup element 12 to complete the electrical
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typically conductive may be used in thg_present in- vention fo '
substantially reduce the cost. Mreover, the coating or othefw se treating

of thg br?i&bﬁ%tt Qo@%&ah@ﬁiﬂs@s@aﬂﬂﬁfi the afidralieqasanrghd n the prior art
osul ts nBLSBRRE 17 50 ke cls ke 20dbst anti 2 ox pense for such
coati ngs, but also RhﬁemmamgtmmeﬂﬁqéﬂﬁnnanﬂthﬂnannﬁﬁQRnﬁdw of the present
inventiOnehﬁoﬁ&ﬁﬁh%nBEaBE%embly is shown for conducting the signals
sensed by the signal pickup elements through the base
board 10. In the embodiment shown in FIG. 5, the signal
pickup element 12 is coated or painted onto the target
face side of the base board 10 and the bristles 14 are:
adhered to it by a suitable adhesive 16. Instead of the
conductors: in the prior embodiments, the pickup element
conductive coating is continued down through the hole 18
in the base board 10 to form a conductor 36, and the
coating is further continued outward from the hole 18 at
the rear face of base board to provide a contact surface
38 for the signal contact 24. The coated contact surface
38 is terminated so as to form a small gap 40 between it -
and the conductive coating 26 which defines a part of the
Faraday cage to electrically isolate the conductive
coating 26 from the conductor 36 and contact surface 38.
" In each of the embodiments shown in FIGS. 2-5 a
- significant feature of the present invention is that the -
bristles 14 into which the dart D is to be embedded need
not be, and in fact are not electrically conductive. This
nonconductivity of the bristles results in several
important advantages of the present invention. In the
first instance conventional dartboards in which the
bristles are not typically conductive may be used in the.
present invention to substantially reduce the cost.
Moreover, the coating or otherwise treating of the-
bristles to make them conductive, as is necessary-in the
prior art in order for their sensing systems to properly
function, is avoided. This results not -only in
eliminating the substantial expense for such coatings,
but also the operative lifetime of the dartboards of the
present invention is substantially increased because the
conductive bristles of the prior art tended to lose their
optimum conductivity over time due to repeated impact from

is Sheet Has Been Replaced

HlIII\|||||| .




[ nc’"_r eased_ because the_ c_onduct ive _bri stle IS[S@%E@I’H Qe |t nHEPLAOQMEN$$HEET
their optinmumconductivity over time due|to TepgatQEd mpact fir grrthe—darts:

Al so the need for carefully constructed itastattvre—barriers Qetiwe ﬁ

vari ous conductive target areas is avoided in the present in ert'gg ‘gﬁf@97
permts the use of conventional dart-—ghoards and avoids the dodt_of such
barriers. It also avoids one of the problens of the prior artf due to the
penetr at itple Aaritkase aladuithid trdirforrcansfulky donstrpctéd er—epeated

ggfgleer\é\h"lé‘%gllﬁ%"g’{?tr\ r%&%&eﬁilé%t%%ehrp 1%ﬂkgt‘} chgiétthélemgé?és? eésnlr%\%é {r:l\c/)te be and
are not eoeasdict ameided Ha hhes anesentednantion. brTRis RewPits| acent
the use of conventional dartboards and avoids the cost of
such barriers. It also avoids one of the problems of the
prior art due to the penetration of these insulative
barriers by the dart tip after repeated usage, which
results in breakdown in the integrity of the insulative
barriers and malfunction. Due to the fact that the
bristies need not be and are hot conductive in the. present
invention, the bristles of adjacent target areas need not
be electrically insulated from each other.

Referring to FIGS. 6 and 7, a suitable
electronlc signal rece1v1ng and processing circuit 30, as
seen in FIG. 2, is shown by which the signals from each.of
the signal pibkup elements 12 are processed.. It will be
appreciated'that there will be a sensing element 12 for
each of the target areas, but only one has been shown in
FIG. 6 for simplicity.

Each of the respectlve signal plckup elements 12
which are located behind and in close alignment with the
designated target areas of the dartboard, is directly .
connected to a filter 41, if it is desired to only sense a
portion of the electromagnetic spectrum, and to a two
stage amplifier-sample and hold circuit 42. In the case
of a dartboard there will be sixty three target areas A, s
elements 12 and amplifiers-sample and hold circuits 42.

The amplifier shown is preferably suitable either for the
utilization of low frequency of about 50 or 60 Hz ambient
noise, or specifically generated signals up and inclﬁding
the telemetry band of about 150 KHz. Each amplifier
preferably includes two CMOS invertihg gain stages 44 and
46 which are biased into a linear operating mode by’
resistors 48 and 50, and are coupled by capacitor 52.

The resulting signal is next passed through a.
diode 54 to an electronic switch 56, and then to a low ' e

loss storage capacitor 58. When switch 56 is turned on,
-
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appreciated that there will be a seng&ag el ement 12 for each ¢f [the target
areas, but only one has been shown in"FIG 6 for sinplicity.

the positive excursions of the amplified signal will
“pump“ up the voltage on the capacitor 58, effectively
rrecording" the peak voltagelas a charge on the capacitor.
Wwhen the switch 56 is turned off, the charge will be held
by the capacitor until discharged by the following
circuitry. All of the switches 56 for each of the signal
pickup elements 12 are turned on and off at the same time
by a buffer amplifier 60 under the control of a
microprocessor 62. _

Thus, irrespective of the absolute value of the
source signal at the point of sampling, the relationship
between the resulting stored charges will be a constant,
except when an event interferes with the received signal
so that the individual target pickup elements 12 are not
uniformly affected. This will occur for example, when a
missile is in close proximity to one of -the target areas A
and its signal pickup element 12 so as to interfere with

"the signal.

In the case of a dartboard where there are sixty
three target areas A and elements 12, each of the siity
three charge storage capacitors 58 for each.target area is
singly connected to an input of a 63 to 1 signal routing
circuit comprising eight off 8 to 1 electronic switching:
devices 64A-64H. Under the control of the microprocessor
62, each of the samples is passed to the signal proceésing
circuit shown in FIG. 7. _ . "

' . For simplicity, FIG. 7 shows eight of the sixty
three storage capacitors 58A-58H connected to one of .the
eight electronic switch blocks 64A-64H. The voltage .
resulting from the charge on each of the capacitors 58 is
singly passed to a convenient high impedance buffer
amplifier 66, the outéut of which is taken to' an analog to
digital converter 68 which converts the voltage into a
digitally encoded value which is equivalent to the analog
voltage value, and which is suitable for processing by the
digital microprocessor 62.
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anplifier-sanple and hold circuit 42_,40 t he case

The derived digital value is not an absolute
value, but is equivalent to the ratio of the derived
voltage and two reference voltages (one more negative than
'the sample and one more positive than the sample) which
are also applied to the analog to digital'converter-ss._
These reference voltages are determined by the charges
held in the capacitors 70 (negative ref.) and 72 (positive
ref.), buffered by high impedance amplifiers 74 and 76
respectively, and determined by the microprocessor 62 by
the following actions. When the electronic switches 78
and/or 79 are turned on by the processor 62, a charge is
allowed to build up on the capacitors 70 and/or 72, via
the resistors 80 and/or 81. The voltage resulting from
this will be proportional to the length of time for which
the processor 62 holds the switches 78 and/or 79 in the.on
state. Thus, the processor 62 is able to set the
reference voltage to suit the prevailing conditions.

' By this means, not only is the analog to digital
converter 68 used to perform the conversion, it is also
caused to function as a variable gain amplifier under the
control of the program held in the processor 62.

) The electronic switches 82 and 84 are used-to.
discharge the reference capacitors 70 and 72 via the
current limiting resistors 86 and 88.

Finally, the electronic switch 90 is used to
discharge each of the sixty three storage capacitors 58
via the current limiting resistor 92.

The microprocessor 62 controls .the duration of
the sample period as a way to maintain workable signal
levels. The microprocessor 62 is able to repeatedly store
and compare the signals in a well known manner, and so
detect any changes which may be:due to the close proximity
of an object, such as the missile or dart D, which
interferes with or disturbs the noise which the target
area otherwise receives by the use of conventional auto
and cross correlation techniques. The microprocessor 62,
once it detects the fact that a missile has been embedded
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Remote sources of electromagnetic noise which
might affect the perceived signals will affect all of the
target areas more or less equally. Thus, despite the
unpredictability of the signals, they will still provide
the required detection conditions. Near events that might
transiently cause the ambient noise to fall below or rise
above a reasonable working level will be discounted by the
microprocessor, and only darts or other non-transient
close proximity objects will have an unequal effect and -
will thereby be positively identified.

Because the present invention operates on a
principle of interference with the incoming
electromagnetic signals, at least some portion of the
missile should include a material which is
eléctromagnetically responsive. In the case of. typical
steel tipped darts, both the tip as well as.the body .of
the dart are usually electromagneéically responsive. In
the case of soft or plastic tipped darts, the tip is
generally not electromagnetically responsive (unless the
plastic is coated or impregnated with such material), but
the body is. Whichever darts are used, there is a
sufficient amount of electromagnetically responsive
material to provide sufficient interference with the
incoming signals to permit missile detection and location.

The signal interference of the invention is to
be distinguished with the antennae function of the
missiles in the systems of the prior art. In order to
function as an antenna as in the prior art, electrical
conduction of the signals was necessary between the
missile and its tip and conductive elements behind the
material into which the dart was embedded. Thus in the
case of prior dartboards, it was necessary that the
material into which the dart was to be embedded be
electrically conductive. This is not necessary in the
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material 14 to a depth substantially less than the depth
of the nonconductive material 14, the tip is spaced from
the signal sensing element 12, and the element 12 receives
the signals directly which:pass through the nonconductive
material. The embedded missile only interferes with or
disturbs the incoming signal so that the signal which is
received by the element is altered from the signal which
was originally received in the absence of the missile. In
fact, in the present invention, the dart or other missile
may actually be sensed even before it embeds in the target
area, but has moved into close proximity to the target
area. -

Although it is believed that the operation of
the detection and location system and method of the
present invention will be evident to those skilled in the .
art from the foregoing description, a brief description of

 the operation will follow.

At all times the target or dartboard T will be
bathed in and illuminated by ambient electromagnetic
noise. This noise will pass through the dartboard
material, such as the nonconductive bristles 14, and be
received and sensed by the signal pickup elements 12. The
sensed signal will be passed through the conductor 20,
contacts 24, contact wires 32 and the electronic
processing system 30. At the commencement of a game and
before any missiles or darts D have been thrown, these
signals will be sensed to be those of the ambient,
uninterferred signals. '

When a dart D moves into close proximity to a
target area, or is embedded in the dartboard bristles 14
as shown in FIG. 2, any electromagnetic responsive
material, such as steel, from which either or both the
dart body or tip are formed, will interfere with the
incoming signal that is being received by the signal
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pickup elements 12 in the targét area in which the dart
becomes embedded. This interference will disrupt and
change the incoming signal which reaches the element 12 in
that target area. This change or alteration will be
sensed by the electronic procéssing system 30 to result in
detection of the presence of the dart and determine its
location. Once detection and location have taken place,
the signal may be processed by the micréprocessor to
calculate the appropriate score, and that score may be
displayed on the screen S, as shown in FIG. 1.

It is conceivable that under certain
circumstances the ambient electromagnetic noise levels at
a given location may be insufficiently low so that the
magnitude of the signal change due to interference from
the missile may be insufficient to permit consistent
detection to the extent desired. This condition may also
occur where the amount of electromagnetic responsive
material in the missile D is only nominal, or if it is
adequate in the missile body, the tip of the missile is
formed of a éoft, plastic nonelectromagnetic material. In
the latter instance, the tip may result in the positioning
of the electromagnetic responsive material at too great a
distance from the signal pickup elements 12 which could
result in a reduction in consistency of detection.

In these instances a separate signal
transmitting source 52, as shown in FIG. 1, may be
provided in proximity to the target T. This signal
source 52 may itself generate random electromagnetic noise
to supplement the existing ambient noise, or it may
provide a specific electromagnetic signal which the
circuitry of the present invention is specifically tuned
to receive. In either case, the embodiments as previously
disclosed herein may be used esséntially without chénge,
and will function the same way and in the same manner as
previously described. Thus, the embodiments shown in
FIGS. 2-5 need not be altered in any respect where the

signal source 52 is provided.
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described are merely illustrative of the principles of the
present invention. Numerous modifications may be made by
those skilled in the art without departing from the true

spirit and scope of the invention.
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68. Thege re erggrse:e\ﬂlolftoqg ﬁ&dﬂ%%ﬂﬁ ngdcR¥ihfeachasgiles held in the
capacitors 7 ative ref.) an 0s-
embedded in a target, comprising:

a target hav1ng a face having a plurality of
target areas formed of a electrically nonconductive
material, and into which one or more of the missiles
may be selectively embedded;

a signal receiviﬁg element for receiving and
sensing electromagnetic signals which pass through
said nonconductive material at each of said target
areas, said element being positioned on a side of
said nonconductive material opposite said target
face; and

processing .means electrlcally connected to each
of the elements, said processing means dlstlngu;shlng
between a first electromagnetic signal which is
received and sensed by one of said elements in the
absence of a missile, and a second signal which
results from the alteration of said first signal by a
nissile, at least a portion of which is formed of an
electromagnetic responsive material, and which is in

~close proximity to said last mentioned target area to
' detect the presence and locaﬁion,of the missile.

2. The system of claim 1, including a shield for N
shielding at least a portion of said processing means
from all directions other than the face of the
target.

3. The system of claim 1 or claim 2, wherein said processing
means includes a computer for distinguishing between
said first and second signals.

4. The system of claim 1, claim 2 or claim 3, wherein said
processing means includes simultaneous sampling and
hold circuitry which examines the electromagnetic signals’
received by said elements at each said target area.
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- 10.

11.

12.

13.

material into which the missile is to be embedded comprises
electrically nonconductive fibers.

The system of any one of the preceding claims, wherein said
electromagnetic signals comprise ambient electromagnetic
noise emanating from a source remote from said target.

The system of claim 6, including discriminating means to
select a predetermined portion of the spectrum of said
ambient electromagnetic noise for said signals.

The system of any one of the preceding claims, including an
electromagnetic signal transmitter for producing said
electromagnetic signals and illuminating the target with the

 signals.

The system of any one of the preceding claims, further
including a said missile, said missile including a tip which
is constructed to be embedded in said.material, and said tip
is formed of a nonelectromagnetic responsive material.

The system of claim 9, wherein said tip is formed of
plastic. '

The system of any one of claims 1 to 8, further including a
said missile, said missile including a tip which is
constructed to be embedded in said material, and said tip is
formed of an electromagnetic responsive material. |

The system of any one of the preceaing claims, wherein said
missile is a dart.

The system of claim 12, wherein said target is a dartboard
having a plurality of target areas which are assigned

preselected values.
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14. The system of claim 1, wherein said target comprises:

an electrically nonconductive base having a first
side facing said target areas and a second opposite
side, said electrically nonconductive material of the
target areas being fixed to said first side and said
signal receiving element being positioned between
said material and said second opposite side;

an eiectrical conductor electrically connected to
said signal receiving element and extending through
said base to said second opposite side thereof; and

a contact electrically connected to said
conductor adjacent said second opposite side.

15. The system of claim 14, wherein said signal receiving
element is coated on said base. .

16. The system of claim 15, wherein said conductor is
also coated on said base and is integral with said
signal receiving element.

17. The system of claim 14, wherein said conductor
comprises a pin extending into said base and
electrically connecting said signal receiving element
and said contact.

18. A method of detecting and locating a missile embedded

in a target, comprising:

illuminating a plurality of target areas of the
target with at least one electromagnétic signal;
| passing the electromagnetic signal through an
electrically nonconductive material of the target
areas; |

sensing said electromagnetic signal after it
passes through the nonconductive material;

altering the electromagnetic signal which passes
through the nonconductive material by positioning a
missile in close proximity to the material of at
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e!s.'The n1croprocessor 62 Is able to repeatedly store and c
signals in a well known manner, and sol8etect any changes whi ch may be due

to the close proximty of an object such as the missile or gart wch
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receives by thgiygsg1ef conventional auto and cross correlatlon t echni ques.

The m croproc-
P sen51ng the altered signal; and

proce551ng the 51gnals which have been sensed both
before and after the missile has been positioned in close
proximity to the target area to detect the presence of the
missile and its location.

19. The method of claim 18, wherein said processing includes
sampling and holding the signals to examine the signals
which have been sensed at each target area at the same point

in time.

20. The method of claim 18 or claim 19, wherein said material
comprises a plurality of electrically nonconductive fibers.

21. The method of claim 18, claim 19 or claim 20, wherein said
electromagnetic signal is ambient electromagnetic noise
emanating from a source remote from said target.

22. The method of any one of claims 18 to 21, including
selecting a predetermined portion of the spectrum of said
ambient electromagnetic noise for the sensed signals.

23. The method of any one of claims 18 to 22, including .
generating and transmitting electromagnetic signals to
illuminate the target.

24, Tﬁe method of any one of claims 18 to 23, wherein at least a
portion of the missile is formed of an electromagnetic
responsive material which interferes with the
electromagnetic signal to alter the signal.

25. The method of claim 24, wherein the missile includes a tip
which is embedded in the material of the target area, and
the tip is formed of a nonelectromagnetic responsive

material.
This Sheet Has Been Replaced
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essor We fact that Erfissadm messbmer| enpdideACEMENThSHEET
target T an “mﬁm‘“ which it is enbeqk@ggAcmy scqre fhiat hit,” and
tally the ﬂ “m‘ 's score may ‘te—strowmomn The di spljay] S1&M hOWW
in FIG 1."'% cRehot® sources of el ectromagnetic noi se which Jmjght affect
t he perceived signals wll affect all of the target areas nofje Or—tess
equal ly. Thus, despite the un- predictability of the signals]l_they wll
still provide the re- quired detection conditions. Near events that T gt
tran- gsent fhecaesbothefaciadm 2% sdheweihalthehdligy igr Rlagtisbove a
reasonabl e working level will be discounted by the m croprocessor, and only
darts or other non-tran-

27. The method of clalm 24, whereln the missile includes a tip

which is embedded in the material of the target area, and

the tip is formed of an electromagnetic responsive material.

28. The method of any one of claims 18 to 27, wherein the

missile is a dart.

29. The method of claim 28, wherein said target is a dartboard
having a plurality of target areas which are assigned

preselected values.

30. The method of any one of claims 18 to 29, wherein the
missile which is positioned in close proximity to the
material of at least one of the target areas is embedded in

said material.
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MISSILE DETECTION AND LOCATION

ABSTRACT

arl

o NG HACEMENT, RUEET
13 MAR 1997

Electronic detection and location of missiles, such as

darts (D), in which either ambient electromagnetic noise or

specifically transmitted electromagnetic impressed signals are

altered by interference from the missile, and this change is

detected by receivers (12,20) to detect the missile and its

location. The material (14) of the target area (T) into which

the missile is embedded is electrically nonconductive.

[Fig 2]
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Because t he present invention operates. nTmsmHEm mqspm@m if nRERLASEMENE SHEET _

with the incom ng el ectromagnetic s?ghals; at'REmastepsome poftfon of tne
m ssile should in- clude a material whicirT onagneti ¢a Iy1 BW@W ’
sive. In the case of typical steel tipped darts, both the t{p|a

magnetical ly resppns

the body of the dart are usually el ectro- DN
case of soft or plastic tipped darts, the tip is generally pot

el ectromagnetical ly responsive (unI ess lh‘e plastic is coated or Tnpregmated

with such material), but the hever are used, there is a
sufficient anount of electro gngt@II respongi v terial to provide
sufficient interference )
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with the incoming signals to permit missi| &HtcSHRRT bhS BEEN | fod aBERLACEMENT BHEET
signal interference of the invention is tjo be &EBLAEEIhqui she Th the
antennae function of the missiles in the systens of the prio Aty 3hﬂﬁfﬁﬁﬁ
to function as an antenna. as in the prior art, electrical co dPCtIO
signal s was necessary between the mssile and its tip and c

el enents behind the material into whigh the dart was enbeddegd. Thus in the

the dart was t nbe d be electrically conductive. This is not
necessary in the sent {nvention because there is no such electrical
conduction. In the invention, //|4

case of prior E?at- boaa&;, it was necessary that the nmaterial Tnto whteh
p
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and as shown in FIG 2, the missile tip i9d EHMSSHEET HAS BEEN FEEPLACEMENT SHEET
.nonconductive material 14to a depth substdn- ti BREPBAQESSS th qm, depti—ot

t he nonconductive material. 14, the tip is spaced fromthe siigna 3 gqgw
el ement 12, and the element 12 receives the signals directly wric11 (;Mé

t hrough the nonconductive material. The enbed- ded missile ofly interferes
with or disturbs the incom ng signal sgq Lhat t he S|gnal whicl} is received

by the el emem
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16~ is altered fromthe signal which was resgi-pey—reseiy
.absence of the missile. In fact, in the pré§§§§HFﬁT£W§ﬁ¥$8n
other nmissile may actually be sensed even lhef orRBERACERhads

area, but has noved into close proximty to the target area.
it is believed that the operation of the de- tection and | od
and nmethod of the present invention Wl _be evident to thosg
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t he- fore90|ng descri ptige.s ackrfef description of the op- er
fol | ow. At all times—the target or dartboard T will be b
i |l umi nat ed by anbi ent el ectromagnetic noise. This noise wl
the dartboard material, such as the nonconductive bristles 1
recei ved and sensed by the signal pickuplelenents 12. The se

a
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wi Il be passed through the conductor 20, contacts 24, contac
the el ectronic processing sys- tem30. At the comrencenent o

[

4,1

and be
St gnal
wres 32 and

a ganme and

before any mssiles or darts D have been thrown, these signals will be

sensed to be those of thenﬁggifﬂtDEfﬁbﬁﬁﬁﬁWi(ﬁm’?ﬂ)ﬁ'

Description

TECHNICAL FIELD

This invention relates to the electronically moni-
tored detection of darts or other missiles, entering or be-
ing present in a target, such as a conventional fiber or

bristle dartboard or other target board.

BACKGROUND

in the past dart detection and location systems and
methods have relied upon an. identifiable electromag-
netic signal or signals which is transmitted between two
antennae, one of which is one of a plurality of electrically
isolated areas of the target and the other is a conven-
tional wire or rod. One of these antennae is electrically
connected to a signal generating or transmitting (trans-
mit) circuit, and other of these antennae is connected to

a signal detecting (or receiving) circuit.

Essential to these prior methods and systems is that
each target area must be rendered electrically conduc-
tive and must be electrically insulated from adjacent tar-
get areas so that a dart or other such missile which be-
comes embedded in the conductive target area material
becomes electrically connected to a curcuu unique to

that target area.

When a dart becomes embedded into the target, it
forms an extension to the antenna so formed by the tar-
“get area, whether it be transmitting or receiving, and
thereby improves the efficiency of the electromagnetic
link and results in an mcrease of the identifiable signal

at the target area, by
missile may be detected.

vhich means the presence of the



Wien a dart D noves into close proxinfty to a target area, or Ao
in the dartboard bristles 14 as shown in FIG 2, any el ectromhgRERUAGEMENT SHEET

responsive mate- rial, such as steel, fromwhich either or bogh € dart
body or tip are forned wWill interfere with the i ncom ng signgl |t 8
bei ng received by the 5|gnal pi ckup ele-2nments 12 in the targégt a?%g'+$y 99

whi ch the dart becomes enbedded. This interference will disrupt
the inconing signal which reaches the element 12 in that targdt area. ThIS
change or alteration will be sensed by the el ectronic processiTg SySTEN 30

to result in detec- tion of the presence of the dart and determine its
| oca- tion. Once detection and |ocation have taken place, the

This arrangement suffers from the disadvantages
that the target assembly is necessarily complex, suffer-
ing from the need to maintain a high degree of uniformity
of conductivity of the target areas, a high degree of in-
tegrity of the electrical connections and a high degree

- of integrity of electrical isolation between the discrete
target areas, requiring the use of expensive, specially
constructed targets. Moreover, the fibers or other mate-
rial which form the target area into which the missile is
embedded must essentially be made conductive to the
flow of electricity which has many disadvantages.

Another disadvantage is that these prior methods
and systems cannot generally be used with missiles in
which the portion of the missile which embeds into the
conductive material of the target area is itself electrically
nonconductive. In this case there would be no conduc-
tive link between any conductive material which may be
in the missile body and which might function as an an-
tenna and the conductive material of the target area.
Thus, the prior methods and systems are generally in-
operative were plastic or other nonconductive soft
tipped darts are used. Some jurisdictions have mandat-
ed the use of soft tipped darts and, even where they are
not mandated, they may be preferred from the safety
standpoint.

GB-A-2 086 243, which forms a basis for mdepend-
ent method claim 18 as well as the pre-characterising
part of claim 1, shows a magnetised dart interacting with
a signal generated in or behind a dartboard.



si gnal may be processed by the m cr-opro.cessbr to cal- culate th%EPL@EMENT -SHEE?
appropriate score, and that score may be dis- played on the sdresh-S-—as-
shown in FIG 1. 17
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SUMMARY OF THE INVENTION

One of the objects of the present invention is to en-
able widely available, conventionally manufactured tar-
gets to be used in automatic detection and location sys-
tems.
Still another object of the invention is to obviate the
need for a dart or other missile to be electrically con-
nected to the electronic circuitry or the need to make
electrical connections from or to the material in the tar-
get areas and hence to obviate the need for the target
material to be conductive to the flow of electrical current.
Still another object of the invention is to make pos-
sible the use of either conductive tipped or nonconduc-
tive soft or plastic tipped missiles or darts in conjunction
_ with an automatic detection and location method or sys-

tem. . |
These objects are acheived by the system accord-
ing to independent claim 1 and the method according to
independent claim 18.

One principal aspect of the present invention relies
upon the factthat at locations where a target board, such
as an automatic dart or similar mechanism may be in-
stalled, there wili exist in the surrounding ether electro-
magnetic radiation or *noise" which is of a useful mag-.
nitude to irradiate, bathe and illuminate all points on the
target surface at any instance in time. This radiation or
“noise" may emanate from any one or more of a number
of natural and/or man-made sources, such as nearby
electrically powered equipment, lighting and the like. In
the invention, provision is made for detecting such noise
by electronic/computer circuitry which is shislded from
the noise on all sides, except through the target, and
which has a separate receiving sensor element located



It is conceivable t hat under certain circunstances the anbie tREPLACEMENT SHEET
el ectromagnetic noise levels at a given | o- cation may be inguf

. . |||\,1c:|nly
low so that the magnitude of the signal change due to interfgr n .@ﬁ@
m ssil-e may be insufficient to permt consistent detection t 2x@éﬁﬂ
desired. This condition may al so occur whgere the anmount of elle

responsive material in the mssile Dis only nomnal, or if it is adequate
in the mssile body, the tip of the mssile is fornmed of a séHt—ptastie

rionel ectronmagnetic nmaterial. In the latter instance, the tip may result in
the positioning of the el ectromagnetic

behind each designated target area. Each sensor is able
to detect a change or adisturbance in the characteristics

of the noise which is effected by the close proximity of

a physical mass, such as the body of a dart or other such’
electromagnetically responsive missile.

Each sensor is located such that it will detect the
greatest electromagnetic disturbance when a missile is
closer to, located in or moves into close proximity to a
given target area. The effect of this disturbance s then
passed on to an electronic computing system based up-
on high speed data capture and relative comparison
techniques, by which means the presence of the missile
and its location with respect to the target may be de-
duced.

Conveniently, but not essentially, the circuitry may
be equipped with a variable filter for the purpose ot se-
lecting any advantageous portion of the prevaili.ig noise
spectrum and dlscnmlnatlng against other ccrtions
thereof. .

In another principal aspect of the present invention,
where the ambient radiation or noise levels may be in-
sufficient to result in achange or disturbance in the noise
of a sufficient magnitude to permit consistent detection
"and location of the missile, or where the missile has only
nominal amounts of electromagnetically responsive ma-
terials in it and/or may be soft or plastic tipped with a
nonelectromagnetically responsive material, an addi-
tional signal source may be provided at or proximate to
the target. The signal from this source may be employed
to supplement the ambient noise or it may transmit a
specific electromagnetic signal of sufficient strength to
‘be utilized in the automatlc sensing to produce consist-

~ ent results.



responsive material at too great a distance fromthe sig- nal| HepkNOEMENT SHEET
el ements 12 which could result in a reduction in consistency pf —E

In these instances a separate signal transmtting source 52, ps|s
FIG %, may be provided in prox- imty to the target T. This p
52 may itself gen- erate random el ectronfigneti c noi se to suppje
exi sting anbient noise, or it nmay provide a specific elec- trpnmagnetic

signal which the circuitry of the present in- vention is specifically tuned
to receive. In either case,,the enbodiments as previously disclosed herein
may be used essentially wthout change, and will function the sane way and
I n the sane nmanner as previously de-

in contrast to the aforementioned prior art the
present invention provides for the simuitaneous sam-
pling of all of the individual target areas, and removes
any dependence upon absolute signal levels or signal
stability. Instead it relies solely upon the relative effects
of interference with the noise or signal affected by the
close proximity, rather than electrical connection of a
missile, such as a dart, with the sensing circuitry.
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any respect where the signal source 52 is provided. 18 09 JAN 1998
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BRIEF DESCRIPTION OF THE DRAWINGS

in the course of this description, reference will be
made to the drawings in which:

FIG. 1 shows a target arrangement for a dart game
having a plurality of target areas which are assigned
different score values, and in which the missile de-
tection and location of the present invention may be
incorporated;

FIG. 2 shows a partial cross-section of the dart-
board shown in FIG. 1 through several of the target
areas of the dartboard, and one preferred embodi-
ment of a signal sensing arrangement,

FIG. 3 shows a partial cross-section of the dart-
board shown in FIG. 1, but a second preferred em-
bodiment of signal sensing arrangement;

FIG. 4 shows a partial cross-section of the dart-
board similar to FIG. 3, but a third preferred embod-
iment of a signal sensing arrangement;

FIG. 5 shows a partial cross-section of the dart-
board similar to FIG. 2, but a fourth preferred em-
bodiment of a signal sensing arrangement; and |
FIGS. 6 and 7 show a suitable electronic circuit for
receiving and processing the signals sensed by the
signal sensing embodiments of FIGS. 2-5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention relates to the detection and
location of a missile or projectile relative to a target. As
shown in FIG. 1, the target T may be a dartboard which
is mounted on a housing or stand H, and which has a



Clains 1. A systemfor detecting and locating a missile (D) REPLAGFRAFAE gSHEET

in atarget (T), conprising: _ a target (T) having alfgce having a
plurality ‘of target areas (A) formed of a material (j14) O 9AN 1998
whi ch one or nore of the missiles (D) may be sel ectijvdl y

enbedded; a signal receiving elenent (12,20) for redei'vtrng

and sensing el ectronmagnetic signals at each of

plurality of target areas A which have preselected differ-
ing values. The housing H may house the electronic cir-
cuitry to be described later for processing the sensed
signals which are indicative of the location of the darts
D which have been embedded in target areas of the
dartboard T, and which compute an ongoing score for
the dart game being played. The housing H may also
have a display screen S, such as a cathode tube, for
displaying the score, and a coin receiving mechanism
C for receiving coins to initiate play of the game. In ad-
dition, a light L may be provided to illuminate the target
for visibility.

Although a dartboard is described as an example
of a target in which the missile detection and location of
the present invention may be utilized, it is not intended
that the present invention be limited to use solely with a
dart game or board. It will be appreciated that the
present invention may enjoy widespread use in other
games which employ some form of target and missile,
such as archery.

- Referring to FIG. 2, one preferred embodiment of
target sensing arrangement is shown for detecting and
sensing the location of a dart D which comes into close
proximity to or has become embedded in the dartboard
T. As shown, the dartboard T preferably comprises a
base board 10 of a suitable insulative material, such as
a composite or chipboard. On the side of the base board
10 toward the face of the target T, conductive signal pick-
up elements or strips 12 are selectively located beneath
each discrete target area A. The conductive elements
12 may comprise thin plates of a conductive sheet metal
which are adhered to the base board 10, or preferably
they are formed by coating or painting them on the base
board 10. As shown in FIG. 2, each adjacent element
12 of a given target area is spaced slightly by a gap 13
so that adjacent elements of adjacent target areas are
electrically separated from each other.



said target areas (A), said element (12,20) be- I ng dﬂiﬂﬂp@ﬂ@ﬁr§HEET
a side of said material (14) opposite said target fhcg;, and

processi ng neans (30) electrically connected to each Dbf QPeIAN 1998

el enents, said processing neans di stingui shing betweep a first

el ectromagnetic signal which isgreceived and sensedjby—orme—of

said elenents (12,20) in the absence of a m s- sile] and a second
signal which results fromthe alteration of said first signal by

a mssile (D), at | east a portion of which mssile (D) is forned

of an el ectromagnetic responsive nmateri al

Fibers or bristles 14, which are typically empioyed
to form the face of a conventional dartboard, are affixed
to the face of the base board 10 on the target side and/
or to the conductive sensing elements 12 by a noncon-
ductive glue 16. Holes 18 are formed in the base board
10, one for each of the conductive elements 12, so that
an electrical conductor 20 may be coupled with the con-
ductive pickup elements 12. .

The conductors 20 extend from the elements 12
through to the side of the base board 10 opposite the
target face, and are protected by an insulator 22 to form
signal contacts 24. The elements 12 and conductors 20
thereby form receivers for receiving either the ambient
noise signals and/or any electromagnetic signals which
may be specifically generated for use in the sensing
function of the present invention.

With the exception of where the rear of the base
board 10 is pierced by the holes 18 and insulators 22 at
the signal contacts 24, the whole of the rear of the base
board 10 is preferably covered by an electrically con-
ductive paint or film 26 which forms a ground plane The
film 26 is part of an electrically grounded Faraday cage

2B which encapsulates the whole of the electronic as-
sembly 30 so that only signais detected by the elements
12 are able to reach the circuitry. The signails from the
signal contacts 24 are preferably led to the electronic
circuitry 30 shown in FIGS. 6 and 7 by spring contact
wires 32.



characterised in that the target areas (9) are

el ectrically nonconductive materi al (14), inth
signals originate froma source renote fromthe
pass through the nonconductive material (14) to the
el enments (12,20), and in that the segond si gnal

(12,20) is dis- ti ngui shed by the processing ne
portion of said mssile forned froman el ectronmag-
material is in close proximty to a said target
with the said ele- ment .

Referring to FIG. 3, an alternative

formed of REPLAGEMENT SHEET
at sai d 4l get+roragret
target 4grdga
si gnal gge&ﬁ“ﬁﬁgs
sensed Qy jan_el enent
ans (30) fwhen the
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area (A) associ ated

embodiment is

shown for the placement of the signal pickup elements
12. In this embodiment a completed ordinary commer-
cially available cartboard may be modified for the pur-

pose of the present invention by slicing

and cross-sec-

tioning its original base board 10 into two discs 10A and

10B. The typical commercially available

dartboard base

boards are approximately 15 mm in thickness. When
sliced as shown in FIG. 3, disc 10A with the bristles 14
thereon will preferably be about 3 mm in thickness, and

the disc 10B about 12 mm in thickness.
ment the signal pickup elements 12 are

In this embodi-
painted or oth-

erwise fixed to the rear face of disc 10A as shown in
FIG. 3, and the holes 18 are drilied through the remain-
der of the base board 10B. The insulators 22 and con-
ductors 20 are positioned as shown in FIG. 3, and the
two parts 10A and 10B of the original base board 10 are
then reaffixed together again, such as by an adhesive.

Referring to FIG. 4, another preferred embodiment

of assembly is shown for conducting the

signals sensed

by the signal pickup eiements 12 through the base board

10. in the embodiment shown in FIG. 4
sectioned disc construction of the base

the split cross-
board of a con-

ventional dartboard is as shown as in FIG. 3 in which

the signal pickup elements 12 are fixed

to the rear side

of the thinner disc 10A. in this embodiment the insulator

22 is positioned in the hole 18 in the thic

ker disc portion

108, and the connector in the form of a contact pin 20A
extends through the insulator 22, but short of direct con-
tact with the element 12. A conductive spring 34 extends
between the contact pin 20A and the signal pickup ele-
ment 12 to complete the electrical circuit for transmis-
sion of the signals from the element 12 to the contact

24A.



19 2. The systemof claim1, including a shield (28) for RESPInAeEMENTgSHEET
at least a portion of said processing nmeans (30) from al |} dfrectToms
ot her :[han the face | _ 09 JAN 1998
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‘Referring to FIG. 5, another preferred embodiment
of assembly is shown for conducting the signals sensed
by the signal pickup elements through the base board
10. Inthe embodiment shown in FIG. 5, the signal pickup.
element 12 is coated or painted onto the target face side
of the base board 10 and the bristles 14 are adhered to
it by a suitable adhesive 16. instead of the conductors
in the prior embodiments, the pickup element conduc-
tive coating is continued down through the hole 18 in the
base board 10 to form a conductor 36, and the coating
is further continued outward from the hole 18 at the rear
face of base board to provide a contact surface 38 for
the signal contact 24. The coated contact surface 38 is
terminated so as to form a small gap 40 between it and
the conductive coating 26 which defines a part of the
Faraday cage to electrically isolate the conductive coat-
ing 26 from the conductor 36 and contact surface 38.



of the target (T). 3. The systemof claim1 or claimz2, wher
processi ng neans (30) includes a conputer for dis- tingu

said first and second signals. 4. The systemof claim1, clai
3 wherein sai d processi ng neans (30) includes sinultaneous

and hold circuitry (42) which exam nes the el ectromagnet i
received by said elenments at each said target area (A
of any one of the preceding clains,
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- In each of the embodiments shown in FIGS. 2-5 a

significant feature of the present invention is that the
bristles 14 into which the dart D is to be embedded need

not be, and in fact are not electrically conductive. This
nonconductivity of the bristles results in several impor-
tant advantages of the present invention. In the first in-

stance conventional dartboards in which the bristles are
not typically conductive may be used in the present in-
vention to substantially reduce the cost. Moreover, the
coating or otherwise treating of the bristles tomake them
conductive, as is necessary in the prior art in order for
their sensing systems to properly function, is avoided.
This results not only in eliminating the substantial ex-
pense for such coatings, but also the operative lifetime
of the dartboards of the present invention is substantially
increased because the conductive bristles of the prior
art tended to lose their optimum conductivity over time
due to repeated impact from the darts. Also the need for
carefully constructed insulative barriers between the
various conductive target areas is avoided in the present
invention. This pemnits the use of conventional dart-
boards and avoids the cost of such barriers. It also
avoids one of the problems of the prior art due to the
penetration of these insulative barriers by the dart tip -
after repeated usage, which results in breakdown in the
integrity of the insulative barriers and malfunction. Due
to the fact that the bristles need not be and are not con-
ductive in the present invention, the bristles of adjacent -
target areas need not be electrically insulated from each

other. :

Referringto FIGS. 6 and 7, a suitable electronic sig-

nal receiving and processing circuit 30, as seen in FIG.
2, is shown by which the signals from each of the signal
pickup elements 12 are processed. It will be appreciated
that there will be a sensing element 12 for each of the

target areas, but only one has been shown in FIG. 6 for

simplicity.



wherein said material (14) into which the missile is to HeREPACEMENT SHEET.
conprises electrically nonconduc- tive fibers (14). 6. Thg system of

any one of the preceding clains, wherein said el ectromagret|i cggi gﬂ@lﬁgg
conpri-se am bi ent el ectromagnetic noise. 7. The systemjoff clai m®b,

I ncl udi ng discrimnating means (41) 1®» sel ect a predeter i ned—portt+on

of the . spectrum of said anbient el ectromagnetic noise for sai d

si gnal s.

Each of the respective signal pickup elements 12
which are located behind and in close alignment with
the designated target areas of the dartboard, is directly
connected to a filter 41, if it is desired to only sense a
portion of the electromagnetic spectrum, and to a two
stage ampilifier-sample and hoid circuit 42. In the case
of a dartboard there will be sixty three target areas A,
elements 12 and amplifiers-sample and hold circuits 42.
The amplifier shown is preferably suitable either for the
utilization of low frequency of about 50 or 60 Hz ambient
noise, or specifically generated signals up and including
the telemetry band of about 150 KHz. Each amplifier
preferably includes two CMOS inverting gain stages 44
and 46 which are biased into a linear operating mode
by resistors 48 and 50, and are coupled by capacitor 52.

The resulting signal is next passed through a diode
5410 an electronic switch 56, and then to a low loss stor-
age capacitor 58. When switch 56 is turned on. the pos-
itive excursions of the amplified signal will "pump” up
the voltage on the capacitor 58, effectively "recording”
the peak voltage as a charge on the capacitor When
the switch 56 is turned off, the charge will be held by the
capacitor until discharged by the following circuitry. All
of the switches 56 for each of the signal pickup elements

12 are turned on and off at the same time by a buffer
amplifier 60 under the control of a microprocessor 62.
Thus, irrespective of the absolute value of the
- source signal at the point of sampling, the relationship
between the resulting stored charges will be a constant,
except when an event interferes with the received signal
so that the individual target pickup elements 12 are not
uniformly affected. This will occur for example, when a
missile is in close proximity to one of the target areas A
and its signal pickup element 12 so as to interfere with
the signal.
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In the case of a dartboard where there are sixty
three target areas A and elements 12, each of the sixty
three charge storage capacitors 58 for each target area
is singly connected to an input of a 63 to 1 signal routing
circuit comprising eight off 8 to 1 electronic switching
devices 64A-64H. Under the control of the microproc-
essor 62, each of the samples is passed to the signal
processing circuit shown in FIG. 7.

For simplicity, FIG. 7 shows eight of the sixty three
storage capacitors 58A-58H connected- to one of the
eight electronic switch blocks 64A-64H. The voltage re-
sulting from the charge on each of the capacitors 58 is
singly passed to a convenient high impedance buffer
amplifier 66, the output of which is taken to an analog
to digital converter 68 which converts the voltage into a
digitally encoded value which is equivalent to the analog
vaoltage value, and which is suitable for processing by
the digital microprocessor 62. _

The derived digital value is not an absolute value,
but is equivalent to the ratio of the derived voltage and
two reference voltages (one more negative than the
sample and one more positive than the sample) which
are also applied to the analog to digital converter 68.
These reference voltages are determined by the charg-
es held in the capacitors 70 (negative retf.) and 72 (pos-
itive ref.), buffered by high impedance amplifiers 74 and
76 respectively, and determined by the microprocessor
62 by the following actions. When the electronic switch-
es 78 and/or 79 are turned on by the processor 62, a
charge is allowed to build up on the capacitors 70 and/
or 72, via the resistors 80 and/or 81. The voltage result-
ing from this will be proportional to the length of time for
which the processor 62 holds the switches 78 and/or 79
in the on state. Thus, the processor 62 is able to set the
reference voitage to suit the prevailing conditions.



9. The system of any one of the preceding clains, fur- t herl REpIACEVEMTaSHEET
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claim9, wherein said tipis formed of 14 plastic. 11. The systlem of any
one of clains 1 to 8, further in- cluding a said mssile (), said

mssile (D) including

By this means, not only is the analog to digital con-
verter 68 used to perform the conversion, it is also
caused to function as a variable gain amplifier under the
control of the program held in the processor 62.

The electronic switches 82 and 84 are used to dis- -
charge the reference capacitors 70 and 72 via the cur-
rent limiting resistors 86 and 88.

Finally, the electronic switch 90 is used to discharge
each of the sixty three storage capacitors 58 via the cur-
rent limiting resistor 92. .

The microprocessor 62 controls the duration of the
sample period as a way to maintain workable signal lev-
els. The microprocessor 62 is able to repeatedly store
and compare the signals in a well known manner, and
so detect any changes which may be due to the close
proximity of an object, such as the missile or dart D,
which interferes with or disturbs the noise which the tar-
get area otherwise receives by the use of conventional -
auto and cross correlation techniques. The microproc-
essor 62, once it detects the fact that a missile has been
embedded in the target T and the location at which it is
embedded, may score that hit, and tally the ongoing
score. This score may be shown on the display S as
shown in FIG. 1.

Remote sources of electromagnetic noise which
might affect the perceived signals will affect all of the
target areas more or less equally. Thus, despite the un-
predictability of the signals, they will still provide the re-
quired detection conditions. Near events that might tran-
siently cause the ambient noise to fall below or rise
above a reasonable working level will be discounted by
the microprocessor, and only darts or other non-tran-
sient close proximity objects will have an unequal effect
and will thereby be positively identified.
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Because the present invention operates on a prin-
ciple of interference with the incoming electromagnetic
signals, at least some portion of the missile should in-
. clude a material which is electromagnetically respon-
sive. In the case of typical steel tipped darts. both the
tip as well as the body of the dart are usually electro-
magnetically responsive. In the case of soft or plastic
tipped darts, the tip is generally not electromagnetically
responsive (uniess the plastic is coated or impregnated
with such material), but the body is. Whichever darts are
used, there is a sufficient amount of electromagnetically
responsive material to provide sufficient interference
with the incoming signals to permit missile detection and
location.

The signal interference of the invention is to be dis-
tinguished with the antennae function of the missiles in
the systems of the prior art. In order to function as an
antenna as in the prior art, electrical conduction of the
signals was necessary between the missile and its tip
and conductive elements behind the material into which
the dart was embedded. Thus in the case of prior dart-
boards, it was necessary that the material into which the
dart was to be embedded be electrically conductive.
This is not necessary in the present invention because
there is no such electrical conduction. in the invention,
and as shown in FIG. 2, the missile tip is embedded in
the target nonconductive material 14 to a depth substan-
tially less than the depth of the nonconductive matenal-
14, the tip is spaced from the signal sensing element 12,
and the element 12 receives the signals directly which
pass through the nonconductive material. The embed-
ded missile only interferes with or isturbs the incoming
signal sothat the signa! which is received by the erement



an electrically nonconductive base (10) having a firsg F%EP@RCEMENTWHEET
said target areas and a sec- ond opposite side, said gl get+t+eatty
nonconduc- tive material (14) of the target areas (A)| be

fixed.to said first side and said signal receiving el erreani fﬁ”z&%"a
bei ng positioned between said ~ mdgerial and said seconfl ppposite

si de; _ an electrical conductor (20) electrically con- nect ed
to said signal receiving elenent (1 2,20) and extendihg—#h&eugh
said base to said sec- ond opposite side thereof: and a

contact (32) electricalyar e fBRTHE digndfWhich was originally received
in the absence of the missile. In fact, in the present in-
vention, the dart or other missile may actually be sensed
even before it embeds in the target area, but has moved
into close proximity to the target area. |

Although it is believed that the operation of the de-
tection and location system and method of the present
invention will be evident to those skilled in the art from
the foregoing description, a brief description of the op-
eration will foliow.

| At all times the target or dartboard T wiil be bathed
in and illuminated by ambient electromagnetic noise.
This noise will pass through the dartboard material, such
as the nonconductive bristies 14, and be received and
sensed by the signal pickup elements 12. The sensed
signal will be passed through the conductor 20, contacts
24, contact wires 32 and the electronic processing sys-
tem 30. At the commencement of a game and before
any missiles or darts D have been thrown, these signals
will be sensed to be those of the ambient, un lnterferred
signals.

When a dart D moves into close proximity to a target
area, or is embedded in the dartboard bristles 14 as
shown in FiG. 2, any electromagnetic responsive mate-
rial, such as steel, from which either or both the dart
body or tip are formed, will interfere with the incoming
signal that is being received by the signal pickup ele-
ments 12 in the target area in which the dart becomes
embedded. This interference will disrupt and change the
incoming signal which reaches the element 12 in that
target area. This change or alteration will be sensed by
the electronic processing system 30 to result in detec-
tion of the presence of the dart and determine its loca-
tion. Once detection and location have taken place, the
signal may be processed by the microprocessor to cal-
culate the appropriate score, and that score may be dis-
played on the screen S, as shown in FIG. 1.
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It is conceivable that under certain circumstances
the ambient electromagnetic noise levels at a given lo-
cation may be insufficiently low so that the magnitude
of the signal change due to interference from the missile
may be insufficient to permit consistent detection to the
extent desired. This condition may aiso occur where the
amount of electromagnetic responsive material in the
missile D is only nominal, orif it is adequate inthe missile
body, the tip of the missile is formed of a soft, plastic
nonelectromagnetic material. in the latter instance, the
tip may result in the positioning of the electromagnetic
responsive material at too great a distance from the sig-
nal pickup elements 12 which could result in a reduction
in consistency of detection.

in these instances a separate signal transmlmng
source 52, as shown in FIG. 1, may be provided in prox-
imity to the target T. This signal source 52 may itself gen-
erate random electromagnetic noise to supplement the
existing ambient noise, or it may provide a specific elec-
tromagnetic signal which the circuitry of the present in-
vention is specifically tuned to receive. In either case,
the embodiments as previously disclosed herein may be
used essentially without change, and will function the
same way and in the same manner as previously de-
scribed. Thus, the embodiments shown in FIGS. 2-5
need not be altered in any respect where the signal
source 52 is provided.
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Claims

5i ng:

1. A system for detecting and locating a missile (D)

embedded in a target (T)-, comprising:

a target (T) having a face having a plurality of
target areas (A) formed of a material (14) into
which one or more of the missiles (D) may be
selectively embedded;
a signal receiving element (12,20) for receiving
and sensing electromagnetic signals at each of
said target areas (A), said element (12,20) be-
ing positioned on a side of said material (14)
opposite said target face; and
processing means (30) electrically connected
to each of the elements, said processing means
distinguishing between a first electromagnetic
signal which is received and sensed by one of
said elements (12,20) in the absence of a mis-
sile, and a second signal which results from the
~ alteration of said first signal by a missile (D), at
least a portion of which missile (D) is formed of
an electromagnetic responsive material,

characterised in that the target areas (9) are
formed of an electrically nonconductive material
(14), in that said electromagnetic signals originate
from a source remote from the target areas and
pass through the nonconductive material (14) tothe
signal receiving elements (12,20), and in that the
second signal sensed by an element (12,20) is dis-
tinguished by the processing means (30) when the
portion of said missile formed from an electromag-
netic responsive material is in close proximity to a
said target area (A) associated with the said ele-
ment. :
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material *(14) bf the .* - target area9(A); sensi ng sartd
el ectromagneti c si gnal after it passes through the ngnconductive

mat eri al ; altering the el ectromagnetic signal which pass-
es through the nonconductive material (14) by positioning a mssile
(D). in close proximty to ' _
: 2. The system of claim 1, including a shield (28) for
shielding at least a portion of said processing
means (30) from all directions other than the face

of the target (T).

3. The system of claim 1 or claim 2, wherein said
processing means (30) includes a computer for dis-
tinguishing between said first and second signals.

4. The system of claim 1, claim 2 or claim 3 wheren
said processing means (30) includes simultaneous
sampling and hold circuitry (42) which examines the
electromagnetic signals received by said elements

at each said target area (A).

5. The system of any one of the preceding claims,
wherein said material (14) into which the missile is
to be embedded comprises electrically nonconduc-
tive fibers (14). | |

6. The system of any one of the preceding claims, -
wherein said electromagnetic signals comprise am-
bient electromagnetic noise.

7. The system of claim 6, including discriminating
means (41) to select a predetermined portion of the
spectrum of said ambient electromagnetic noise for
said signals. '

8. The system of any one of the preceding claims, in-
cluding an electromagnetic signal transmitter (52)
for producing said electromagnetic signals and iflu-
minating the target with the signals.
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9. The system of any one of the preceding claims, fur-
ther including a said missile (D), said missile (D} in-
cluding a tip which is constructed to be embedded
in said material (14), and said tip is formed of a
nonelectromagnetic responsive material.

10. The system of claim 9, wherein said tip is formed of
plastic. '

11. The system of any one of claims 1 to 8, further in-
cluding a said missile (D), said missile (D) including
a tip which is constructed to be embedded in said
material (14), and said tip is formed of an electro-
magnetic responsive material.

12. The system of any one of the preceding claims,
wherein said missile is a dart.

13. The'system of claim 12, wherein said target is a
dartboard having a plurality of target areas (A)
which are assigned preselected values.

14. The system of claim 1, wherein said target (A) com-
prises: :

an electrically nonconductive base (10) having
a first side facing said target areas and a sec-
ond opposite side, said electrically nonconduc-
tive material (14) of the target areas (A) being
fixed to said first side and said signal receiving
element (12,20) being positioned between said
material and said second opposite side;

an electrical conductor (20) electrically con-
nected to said signal receiving element (12,20)
and extending through said base to said sec-
ond orposite side thereof: and

a contact (32) electrically connected to said
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conductor adjacent said second opposite wall.

The system of claim 14, wherein said signal receiv-
ing element (12,20) is coated on said base (10).

The system of claim 15, wherein said conductor
(20) is also coated on said base (10) and is integral
with said signal receiving element (12,20).

The system of claim 14, wherein said conductor
(20) comprises a pin (20A) extending into said base
(10) and electrically connecting said signal receiv-
ing element (12,20) and said contact (32).

Amethod of detecting and locating a missile (D) em-
bedded in a target (A), comprising:

iluminating a plurality of target areas (A) of the
target with at least one electromagnetic signal
from an electromagnetic signal source remote
from said target areas; |

passing the electromagnetic signal through an
electrically nonconductive material (14) of the
target area (A) ;

sensing said electromagnetic signal after it
passes through the nonconductive material;
altering the electromagnetic signal which pass-
es through the nonconductive material (14) by
positioning a missile (D) in close proximity to
the material of at least one of the target areas
(A) to interfere with said signal;

sensing the altered signal; and

processing the signals which have been
sensed both before and after the missile (D)
has been positioned in close proximity to the
target area (A) to detect the presence of the
missile (D) and its location.
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19. The method of claim 18, wherein said processing
includes sampling and holding the signals to exam-
ine the signals which have been sensed at each tar- -
get area (A) at the same point in time.

 20. The method of claim 18 or claim 19, wherein said
material comprises a plurality of electrically noncon-
ductive fibers (14).

21. The method of claim 18, claim 19 or clam 20.
wherein said electromagnetic signal is ambient
electromagnetic noise emanating from a source re-
mote from said target.

22. The method of any one of claims 18 to 21. including
selecting a predetermined portion of the spectrum
of said ambient electromagnetic noise for the
sensed signals.

23. The method of any one of claims 18 to 22. including



sensed signals. 23. The nethod of any one of clains 18 to 22. |
> any ! © 221 REPLACEMENT SHEET

09 JAN 1998

Wm0

generating and transmitting electromagnetic sig-
nals to illuminate the target.

24. The method of any one of claims 18 to 23, wherein
at least a portion of the missile (D) is formed of an
electromagnetic responsive material which inter-
feres with the electromagnetic signal to alter the sig-
nal. '

25. The method of claim 24, wherein the missile in-
cludes a tip which is embedded in the materiai (14)
of the target area (A), and the tip is formed of a
nonelectromagnetic responsive material (14).

26. The method of claim 25, wherein the tip is plastic.

27. The method of claim 24, wherein the missile (D) in-
cludes a tip which is embedded in the material of
the target area, and the tip is formed of an electro-
magnetic responsive material.

28. The method of any one of claims 18 to 27, wherein
the missile (D) is a dart.

29. The method of claim 28, wherein said target is a
dartboard having a plurality of target areas (A)
which are assigned preselected values.

30. The method of any one of claims 18 to 29, wherein
the missile (D) which is positioned in close proximity
~ tothe material (14) of at least one of the target areas

is embedded in said material (14).
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29. The nethod of claim 28, wherein said target
plurality of target areas (A)

30. The nethod of any one of clains 1 8 to 29, wherein
whi ch:is positioned in close proximty:

one of the target areas

whi ch are assigned presel edqtgd :
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MISSILE DETECTION AND LOCATION

ABSTRACT

Electronic detection and location of missiles, such as
darts (D), in which either ambient electromagnetic noise or
specifically transmitted electromagnetic impressed signals are
altered by interference from the missile, and this change is
detected by receivers (12,20) to detect the missile and its
location. The material (14) of the target.area (T) into which
the missile is embedded is electrically nonconductive.

(Fig 2]



