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MIS$ILE DETECTION AND LOCATION 

John Allen 

TECHNICAL PIELD 

--- ---·· 

This invention relates to the electronically 
monitored detection of darts or other missiles, entering 
or being 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 
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 generatinq or 
transmitting (transmit) circuit, and other of these 

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

Essential to these prior methods and systems is 
that each target area must be rendered electrically 
conductive and must be eiectrically 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 electromaqnetic 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 arranqement 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 areas, a high degree of 

35 integrity of the electrical connections and a high degree 

. ' 



-2-

THIS SHEET HAS BEEN 
REPLACED 

of inteqrity of electrical isolation between the discrete 
tarqet areas, requirinq the use Of expensive, specially 
constructed tarqets. Moreover, the fibers or other 
material which form the tarqet area into which the missile 

s is embedded must essentially be made conductive to the 
flow of electricity which has many disadvantaqes. 

Another disadvantaqe is that these prior methods 
and systems cannot qenerally 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 li~k 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 and systems are generally 
inoperative were plastic or other nonco~ductive soft 
tipped darts are used. Some jurisdictions have mandated 
the use of soft tipped darts and, even wnere they are not 
mandated, they may be preferred from the safety 

20 standpoint. 

StJMHAR.Y or TBB INVBITIOI 
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 

systems. 

30 

Another object 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 tarqet areas and hence to obviate the need 

35 for the tarqet material to be conductive to the flow of 
electrical current~ 
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Still another object of the invention is to make 
possible the use of either conductive tipped or 
nonconductive soft or plastic tipped missiles or darts in 
conjunction with an automatic detection and location 

5 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 e'lectromagnetic radiation or "noise" which is of a useful 
magnitude to irradiate, bathe and illuminate all points on 
the target surf ace 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. 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 

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- 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 

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 principal 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 

5 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 respo.nsive material, 
an additional signal source may be provided at or 

10 proximate to the target. The signal from this source may 
be employed to supplement the ambient noise or it may 
transmit a specif ie electromagnetic signal of sufficient 
streriqth to be utilized.in the automatic sensinq to 
produce consistent results. 

15 In contrast to the aforementioned prior art the 
present invention provides for the simultaneous samplinq 
of all of the individual tarqet areas, and removes any 
dependence upon absolute siqnal levels or signal 
stability. Instead it relies solely upon the relative 

20 effects of interference with the noise or signal affected 
by the close proximity, rather than electrical connection 
of a missile, such as a d~rt, with the sensinq circuitry. 

BRiil DBSCRIPTIOB or 'l'Jll DBAWIBGS 
25 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 havinq a plurality of target areas which are assigned 
different score values, and in which the missile detection 

30 and location of the present invention may be incorporated; 

35 

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; 
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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. s shows a partial cross-section of the 

5 dartboard similar to FIG. 2, but a fourth preferred 

embodiment of a signal sensing arrangement; and 

10 

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 or THB PREPIBRED IMBODIMEJITS 

· 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 

15 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 

20 the darts D which have been embedded in target areas of 

the dartboard T, and ~hich 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 

25 coins to initiate play of the game. In addition, 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 

30 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 g~mes 

which employ some form of target and missile,· such as 

archery. 
35 . 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 
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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 

5 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 

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 
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 
nonconductive glue 16. Holes 18 are formed in the base 

20 board 10, one for each of the conductive elements 12, so 
that an electrical conductor 20 ~ay be coupled with the 
conductive pickup elemen~s 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 

30 

·signal contacts 24. The elements 12 and conductors 20 
there1>¥ 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 wh:_ere 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 · 
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elements 12 are able to reach the circuitry. The signals 
from the signal contacts 24 are preferably led to the 
electronic circuitry 30 shown in FIGS. 6 and 7 by spring 

s 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 

10 purpose of the present invention by slicing and cross­
sectioning its original base board 10 into two discs lOA 
and lOB. ·The typical commercially available dartboard 
base boards are approximately 15 mm in thickness. When 
sliced as shown in FIG. 3, disc lOA with the bristles 14 

15 thereon will preferably be about 3 mm in thickness, and 
the disc lOB about 12 mm in thickness. In this embodiment 
the signal pickup elements 12 are painted or otherwise 
fixed to the rear face of disc lOA as shown in FIG. 3, and 
the holes 18 are drilled through the remainder of the base 

20 board lOB. The insulators 22 and conductors 20 are 
positioned as shown in FIG. 3, and the two parts lOA and 
lOB of the original base board 10 are then reaff ixed 
together again, such as by an adhesive. 

Referring to FIG. 4, another preferred 
25 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 

30 the signal pickup elements 12 are fixed to the rear side 
of the thinner disc lOA. In this embodiment the 
insulator 22 is positioned in the hole 18 in the thicker 
disc portion 108, and the co~nector in the ·form of a 
contact pin 20A extends throuqh the insulator 22, but 

35 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 

I. 
i 
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embodiment of assembly is.$hown for conductinq the signals 

5 sensed by the signal pickup elemen~s 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 

10 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 surf ace 

15 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 JS. 

20 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 
nonconducti vi ty of the br.istles results in several 

25 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 

JO 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 

35 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 



THIS SHEET HAS BEEN -. 

-9- REPLACED 

the darts. Also the need for carefully constructed 

insulative barriers between the various conductive target 

areas is avoided in the present invention. This permits 

the use of conventional dartboards and avoids the cost of 

s 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 

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 e~ch other. 

Referrinq to FIGS. 6 and 7, a suitable 

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 tarqet 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 ~lectromaqnetic spectrum, and to a two 

25 staqe amplifier-sample and hold circuit 42. In the case 

of a da~tboard there will be sixty three target areas A, 

elements 12 and ampli~iers-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 qenerated signals up and including 

the telemetry band of about 150 KHz. Each amplifier 

pre·ferably 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. 

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, 



-10-

, 
THIS SHEET HAS BEEN 

REPLACED 

the positive excursions of the amplified signal will 
"pump" up the voltaqe 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 

s 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 buff er amplifier 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 siqnal pickup element 12 so as to interfere with 
the signal. 

In the case of a dartboard where there are sixty 
20 three tarqet areas A and ~lements 12, each of the sixty 

three charqe storage capacitors 58 for each target area is 
sinqly 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 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 
eiqht electronic switch blocks 64A-64H. The voltage 

30 resultinq from the charqe on each of the capacitors 58 is 
sinqly passed to a convenient high impedance buff er 
amplifier 66, the output of which is taken to an analog to 
diqital converter 68 which converts the voltage into a 
digitally encoded value which is equivalent to the analog 

35 voltaqe value, and which is suitable for processing by the 
diqital microprocessor 62. 
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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 

5 are also applied to the analog to digital converter 68. 

These reference voltaqes are determined·by the charqes 

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 

10 the following actions. When the electronic switches 78 

and/or 79 are turned on by the processor 62, a charqe 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 

15 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 diqital 

converter 68 used to perform the conversion, it is also 

20 caused to function as a variable qain amplifier under the 

control of the program held in the processor 62. 

The electronic. switches 82 and 84 are used to 

discharqe the reference capacitors 70 and 72 via the 

current limiting resistors 86 and 88. 

25 Finally, the electronic switch 90 is used to 

discharge each of the sixty three storage capacitors 58. 

via the current limitinq resistor 92. 
The microprocessor 62 controls the duration of 

the sample period as a way to maintain workable signal 

30 levels. The microprocessor 62 is able to repeatedly store 

and compare the siqnals in a well known manner, an~ 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 

35 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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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 disp~ay S as shown in FIG. 1. 

_Remote sources of electromagnetic noise which 
s 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 

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. 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 

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 th• 

35 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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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 tarqet nonconductive 
material 14 to a depth substantially less than the depth 

5 of the nonconductive material 14, the tip is spaced from 
the siqnal sensinq element 12, ·and the element 12 receives 
the siqnals directly which pass throuqh the nonconductive 
material. The embedded missile only interferes with or 
disturbs the incominq siqnal so that the siqnal which is 

10 received by the element is altered from the siqnal which 
was oriqinally 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 tarqet 
area, but has moved into close proximity to the tarqet 

15 area. 
Althouqh 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 
tarqet area, or is embedded in the dartboard bristles 14 
as sh9wn in FIG. 2, any electromagnetic responsive 

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

liiili ii1i1i1ilif . 
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pickup elements 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 

s sensed by the electronic processinq system 30 to result in 
detection of the presence of the dart and determine it~ 
location. once detection and ·1ocation have taken place, 
the signal may be processed by the microprocessor to 
calculate the appropriate score, and that score may be 

10 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 

15 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 

20 formed of a soft, plastic nonelectromagnetic material. In 
the latter instance, the tip may·result in the positioning 
of the electromaqnetic responsive material at too.great a 
distance from the signal .pickup elements 12 which could 
result in a reduction in consistency of detection. 

25 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 

30 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 

35 previously described. Thus, the embodim~nts shown in 
FIGS. 2-5 need not be altered in any respect where the 
signal source 52 is provided. 
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It will be understood that the pref erred 
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 departinq from the true 
spirit and scope of the invention. 

ttHlii1iiinr 
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1. A system for detectinq and locatinq a missile 
embedded in a target, comprisinq: 

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

a siqnal receivinq element for receivinq and 
sensinq electromaqnetic siqnals which pass throuqh 
said nonconductive material at~each of said tarqet 
areas, said element beinq positioned on a side of 
said nonconductive material opposite said tarqet 
face; and 

· processinq means electrically connected to each 
of the elements, said processinq means distinguishinq 
between a first electromaqnetic siqnal which is 
received and sensed by one of said elements in the 
absence of a missile, and a· second siqnal which 
results from the alteration of said first siqnal by a 
missile, at least a portion of which is formed of an 
electromaqnetic responsive material, and which is in 
close proximity to said last mentioned tarqet area to 

detect the presence and location of the missile. 

2. The system of claim 1, includinq a shield for 
shi'eldinq at least a portion of said processinq means 
from all directions other than the face of the 
tarqet. 

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

4. The system of claim 1, claim 2 or claim J, 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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s. The system of any one of the preceding claims, wherein said 

material into which the missile is to be embedded comprises 

electrically nonconductive fibers. 

6. The system of any one of the preceding claims, wherein said 
electromagnetic signals comprise ambient electromagnetic 
noise emanating ~rem 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 electromagnet·ic noise for said signals. 

a. 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 ti~ is 
formed of an electromagnetic 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. 

•' 
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The system of claim l, wherein said target comprises: 

an electrically nonconductive base having a first 

side facing said target areas and a second opposite 

side, said electrlcaily 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 electrical 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 electromagnetic 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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least 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 predeterm~ned 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. 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. 
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26. The method of claim 25, wherein the tip is plastic. 

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 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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