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'RADIO RANGE FIND

HNICAL FIELD

The present invention relates to tracking systems and in particular to a
radio range finder to measure the distance between a remote transponder and

a reference location.

BACKGROUND ART

Communication systems for identifying and locating a mobile

transponder from a fixed reference location are well known in the art and have

‘been used in many environments including aeronautics. For example, one

known tracking system includes an RF transmitter located at the reference
location for transmitting a signal encoded with identification data which is to
be received by the mobile transponders to be tracked. Upon receiving the
encoded signal and determining that the encoded signal is addressed to the

mobile transponder, the mobile transponder transponds a return signal at a

- different frequency than the original transmitted signal which is to be received

by a receiver at the reference location. Ancillary and conditional functioning
information of the mobile transponder can be superimposed on the transponded

signal.

'When the receiver receives the transponded signal, the identity and
location of the addressed mobile transponder can be determined. However,
although the location of the mobile transponder is known, its distance from the

reference location is not readily available.
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It is therefore an object of '_the preSent invention to provide a novel radio
range finder and a radio range finding system to measure the distance between

a remote transponder and a reference location.
DISCLOSURE OF THE INVENTION

According to one aspect of the present invention there is provided a
radio range finder comprising: | o |
a transmitter to transmit a signal to be received by a remote transponder;
a receiver for receiving a return signal from said remote transponder
tranquhded in response to said transmitted signal; and
| procéssing means for corr_elating s_aid“t_x_'ansmitte_d and return sigh_als and
_generating an output signal' proportional to the d_i'stance of said remote

transponder from said radio range finder.

According to another aspect of the present invention there is provided
a radio range finding system comprising: |
a transmitter to transmit a signal to be received by a remote transponder;

at least one remote transponder for receiving a transmitted signal and for

transponding a return signal in response to said transmitted signal;
a receiver for receiving said return signal; and -
processing means for correlating said transmitted and return signals and
generating an output signal proportional to the distance of said remote

transponder from said receiver.

In one embodiment it is preferred that the processing means includes
means to determine the delay betweeh the transmitted and rétﬁm ‘'signals and
means to generate the output signai in response to the determining means. It
is also preferred that the radio range finding system further includes'addressing

means acting in conjunction with the transmitter for addressing transmitted
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~ - signals to identify a particular remote transponder. In this case, each of the at
least one remote trﬁiisponders includes address detection means to detect
t_r;msmitted_ signals addressed thereto and for enabling the remote tranqunder
to transpond a return signal when a properly addressed transmittgd signal is

received.

The present invention provides advantages in that the design of the radio
range finder is simple yet permits accurate distance measurements between the

reference location and the remote transponder to be made.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present invention will now be described more
fully with reference to the accompanying drawings in which:

Figuré 1 is a block diagram showing the ovérall configuration of a full
duplex radio range finding system according to the present invention;

Figure 2 is a block diagram of the radio range finder circuitry formmg
part of the system of Figure 1; _

Figure 3 is a block diagram of a chip code generator forming part of the
circuitry of Figure 2; and

Figure 4 is . a diagrammatic representation of an original transmitted
s)ignal, a return signal recéived from the transponder, and the time delay

between the two signals.
B | E FOR CAR THE INV

~ Referring now to Figure 1, a radio range finding system is shown and
is generally indicated by reference numeral 10. System 10 includes a radio
range finder 12 and a plurality of remote mobile transponders 14, only one of

which is shown. The radio range finder 12 transmits a modulated signal Mg
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which is received by each of the mobile transponders 14. The transmitted
modulated signal is modulated Ms with an address that is particular to one of

the mobile transponders 14. 'When the mobile transponders receive the
modulated signal, the modulated srgnal is examinied by each mobile transponder
14 to determine if it is addressed to that specific transponder. A received
modulated srgnal not addressed to a transponder is ignored. The mobile
transponder 14 that recelves the properly addressed modulated s1gnal responds
to it by transpondmg a Teturn signal Rs. When the radio range finder 12
receives the return s1gnal R, it correlates the return signal and the transmitted
modulated signal Ms in a manner to yreld an output srgnal representing the
distance between the radio range finder 12 and the" addressed mobile
transponder 14, '

Turmng now to Flgure 2, the radio’ range finder 12 is better illustrated.
As can been seen, the radto range findér includes a transmrtter 20 receiving
input from a code generator 22. Code generator 22 receives input from a
microcontroller 24 as well ‘as from a clock 26 and also supphes mput to a
‘balanced modulator 28. The balanced modulator 28 also receives input from
clock 26 and supplies output to a mixer 30. Mixer 30 also receives input from
a receiver 32 and supplles output to a bandpass filter 34 The output of
bandpass ﬁlter 34 is supplied to an envelope demodulator 36 which generates
an output s1gnal proportronal to the dlstance between the addressed mobile
transponder 14 ‘and the radlo range finder 12 when a return s1gnal R is
received after a transmitted modulated signal M has been sent. Because the
radio range finder 12 has a receiver 32 and a transmitter 20, signals can be

transmitted and received simultaneously making system 10 a full duplex system.

" Figure 3 better illustrates the code generator 22 and as cari be seen, it
is constructed from a set of series-connected delay elements 40, 42 and 44
respectively. The delay elements are combined in a feedback path 46.
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Specifically, outputs from the last delay element 44 and the intermediate delay
element 42 are combined within a modulo-2 adder 48 and fed back to the input
of the first delay elemcnt 40. The contents of the code generator 22 are
initialized by the microcontroller 24.

The operation of the radio range finding system. 10 will now be
described. When it is desired to determine the distance between a mobile
transponder 14 and the radio range finder 12, the microcontroller 24 provides
input to the code generator 22 to initialize it so that the code. generator 22
generates an output code representing the address of the mobile transponder 14
whose distance from the radio range finder 12 is to be determined. The
address code AC (see Figure 3) output by the code generator 22 is supplied to
the transmitter 20. The transmitter 20 in turn generates and transmits a quasi
spread-spectrum carrier signal having a frequency fl modulated by the address
code. The address code AC is also supplied to the balanced modulator 28
which modulates an internal carrier signal that is -the same as the signal

transmitted by the transmitter.

When the modulated signal M is transmitted, all of the mobile
transponders 14 receive the transmitted modulated signal. Each mobile
transponder 14 includes address detection circuitry designed to detect a
modulafed signal that has been modulated with an address code that corresponds
to the address assigned to that mobils transponder. If a transmitted modulated
signal is received by a mobile transponder that is modulated by an address code
that does not correspond to the address assigned to that mobile transponder, the
mobile transponder ignofes the received'r.nodulated signal. However, if the
modulated signal received by the mobile tradsponder 14 is modulated with an
address code that corresponds to the address assigned to that mobile
transponder, the mobile transponder is enabled and transponds a return signal

R having a carrier frequency 2.
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When the return slgnal Rs is recexved by receiver 32 it is applied to the
mixer 30 which also recexves the modulated internal carrier signal from
~ balanced modulator 28. _ Since the modulated ‘internal carrier s1gnal is identical
to the original transmitted modulated signal Mg, the mixer 30 has available to
it, the ongmally transmitted and return signals. Flgure 4 shows the modulated
internal carrier s1gnal and the retirn slgnal Rs both modulated by an address
code AC. The delay ¢ between the carrier and return sxgnals and the duration |
Tc of the address code are also shown The output of the mixer 30 is filtered
by bandpass filter 34 and is then passed through envelope demodulator 36 so
that the return and mternal carrier signals are correlated to yxeld an analog
voltage. output which is dxrectly propomonal to the delay o between the original
 transmitted modulated sxgnal Ms and the return srgnal Rs The delay o can be

expressed as:

o = d/c; Where:

dis equal to the distance between the radio range ﬁnder 12 and the
remote mobile transponder 14; and | S |
c is equal to the propagation of radio sxgnals through the environmental

medxa through Wthh they are travelhng

Since the speed of light and the delay o are known, the analog voltage

" output of the envelope detnodulator 36 is proportional to the distance d between
the radio range finder 12 and the addressed mobile transponder 14. “The analog
voltage output can be calibrated and converted to dlgxtal form to y1e1d a
numencal value representlng the distance d. The dlgltal 31gnal representmg the
distance d can be used to dnve a dtsplay to provxde a visual mdlcatxon of the

dlstance

The maximum distance d that can be rne'asured using system 10 is

determined by the equation:
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d = c X T¢; where: . 0))]
c is the propagation of radio signals through the environmental media
through which they are travelling; and | |
T is the duration of an address code generated by code generator 22.

The duration of an address code is of course determined by the clock
~ speed and the number of bits in the address code.

For example, in a system 10 where the output rate of the code generator
22 is 1 Mbit/sec, a signal bandwidth of 2 MHz is provided. The maximum
distance between the radio range finder 12 and a mobile transponder 14 that can
be measured is 300 m using equation (1) assuming T = lusand ¢ = 3 x 10
m/s. Also, in this example, if an eight bit analog to digital convertor is used
to convert the analog voltage to a digital distance valve, the voltage can be
transformed with a resolution of 300 m/256 = 1.17 m. |

Although the system 10 .has been described as a full duplex system
including a receiver 32 and a transmitter 20, it should be realized that a half-
duplex transceiver can be used to function individually as both the transmitter
and the receiver. However, it should be realized that in this case, signals

cannot be transmitted and received simultaneously.

Also, the analog output voltage can be calibrated and used to generate
an analog display to provide a visual indication of the distance d and does not

need to be converted into digital form.

As should be apparent to those of skill in the art, other modifications and
. variations are possible without departing from the scope of the present invention
as defined by the appended claims.
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What is claimed is:

1. A radio range finder comprising:
' a transmitter to transmit a signal to be received by a remote transponder;
a receiver for receiving a return slgnal from said remote transponder
' transponded in response to said transmltted signal; and
processing means for correlatmg said transmitted and return signals and
generating an output signal propprtional "to the distance of said remote

transponder from said radio range finder.

2. A radio range finder as defined in claim 1 wherein said processing
means includes means to determine the 'delay between the transmitted and
return s:gnals and means to generate said output signal in response to said

determination means.

3. A radio range finder as defined in claim 2 funher including addressing
means actmg in conjunction with said transmitter for addressmg transmitted

signals to a partlcular remote transponder

4, A radio range finder as défme_d in claim 3 wherein said determination
means includes a mixer to mix the transmitted and return signals and wherein
said generation means includes a filter through which the mixed signals are
“passed and an envelope demodulator receiving th'e"outpnt of said filter and

generating said output signal.

S. A radio range finder as defined in claim 4 wherein said output signal is

an analog voltage having a magnitpde directly proportional to said distance.

6. A radio range finder as defined in claim 3 wherein said addressing

means includes a code generator for generating a code representing the address
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of a particular remote transponder and a microcontroller initializing said code

generator.

7. A radio range finding system comprising:

a transmxtter to transmit a signal to be received by a remote transponder;

at least one remote transponder for recexvmg a transmitted signal and for
transponding a return signal in response to said transmitted signal;

a receiver for receiving said return signal; and

processing means for correlating said transmitted and return signals and
generating an output signal proportional to the distance of said remote

transponder from said receiver.

8. A radio range finder as defined in claim 7 wherein said processing
means includes means to determine the delay between the transmitted and
return signalé and means to generate said output signal in response to said

determination means.

9. A radio range finding system as defined in claim 7 further including
addressing means acting in conjunction with said transmitter for addressing
transmitted signals to identify a particular transponder, each of said at least one .
transponders including address detection means to detect transmitted signals
addressed thereto and for enabling said transponder to transpond a return signal

when a properly addressed transmitted signal is received.

10. A radio range finding system as defined in claim 7 wherein said
determination means includes a mixer to mix the transmitted and return signals,
and wherein said generation means includes a filter through which the mixed
signals are passed and an envelope demodulator receiving the output of said

filter and generating said output signal.
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11. A radio'range ﬁndin'g. system as deﬁ'ried”in'cla_i'ni' 10 wherein said output
signal is an analog voltage having a magnitude directly proportional to said

distance.

_'12'. A radlo range ﬁndmg system as’ defined in clmm 7 wherein said
addressing means mcludes a code generator for generatmg an address code
representing the address of a parucular remote transponder and a

mxcrocontroller mxtlahzmg sa1d code generator |

LTI
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