2035011 RADI O COVMUNI CATI ON SYSTEM AND METHOD Qur invention relates to a
radi o conmmuni cation system and particularly to an inproved arrangenment and
.method for establishing comunication through a repeater between a first
transmtter and receiver and-a second transmitter and receiver over e}
B frequency channel selected froma plurality of such channels. y
| ocalities, a plurality of |land nobile radio frequency channels are /
all ocated for communi cation between vehicles. Generally, there may be, and
usually are, many nore vehicles with radio transmtters and recgcgg$9tin
there are available radio 10 frequency channels in a given | :
Consequent |y, sone arrangenent is needed for enabling a nobile vehicle user
to obtain a radio frequency channel. As used in this description, radio
frequency channel neans at least a first radio frequency for transmtting
and a second radi o frequency for receiving. 15 , The invention

provi des a new and i nproved arrangenent or nethod for detecting an idle
radi o frequency channel in a plurality of such channels, and enabling a
transmitter and receiver on that idle channel for conmunication with
another transmitter and receiver. The invention also provides a new and

| mproved arrangenent 20 or nmethod for establishing radi o conmuni cation
bet ween vehicles through a radio repeater. In addition, the invention
provi des a new and i nproved arrangenent or nmethod for detecting an idle
radi o frequency chanrfADIOGAMMENEGATIAN SYSTEM AN MEIHODand recei ver on that

I dl e channel for 25 comuni cation with another transmtter and receiver
t hrough an intermedi ate repgater -2- Anot her feature of the invention
is to provide a neWMBnIVE m@@%miacﬁﬁ‘i)'i@n‘:@@'l“%ﬁ%’m'nﬁyséﬂ‘arﬂj@rrent
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receiver and a second transmitter and receiver over a radio
5 frequency channel selected from a plurality of such channels.

In many lbcaIitiés,'a:p1ura1ity of land mobiie radio
frequency channels are allocated for communication between vehicles.
Generaily, there may be, and uSua11y are, many more vehicles with
radio transmitters and receivers than there are ava11ablé radio

10  frequency channels in a given locality. Consequently, some '
arrangement is needed for enabling a mobile vehicle user to obtain
a radio frequency channel. As used in this description, radio

~¢ frequency channel means at least a first radio frequency for
transmitting and a second radio frequency for receiving.

15 The invention provides a new and improved arrangement or
method for detecting an idle radio frequency channel in a plurality
of such channels, and enablihg a transmitter and receiver on that
idle channel for communication with another transmitter and receiver.

The invention also providés_a new and improved arrangement

20 or method for establishing radio communication between vehicles

. through a radio repeater. *

In addition, the invention provides a new and improved
arrangement or method for detecting an idle radio frequency channel,
and enabling a transmitter and receiver on that idle channel for

25 communication with another transmitter and receiver through an
intermediate repeater.



or predeterm ned group on the sanme radio frequency channel. The invention

al so provi des a new and inproved connunication.establishing arrangment

whi ch } be placed in a "receive" or "idle" node to cause an associ at ed

radi o gi ver to scan or search 10 the avdil abl e radio frequency

channe and to enabl e the associated radio transmitter and receiver on the\J
radi o frequency channel having a tone-iédicative of a predeterm ned group.
Arrangenents for establishing radio communi cation betmeen vehicles have Tyt
been provided, and are sonetines called trunkin nms. However,
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frequencg channe s in ten1
However, such arrangements have been relatively compiex and hence
expensive, or have required a separate rad1o signalling channel
for estab115h1ng communication between vehicles. Such a signalling
channel is- typica]ly not ava11able for voice commun1cation.
so that the uti11zation of the radio-frequency spectrum is not
20 as effective as might be desired.

Therefore, an obaect of the invention is to provide a new
and improved arrangement that is re]at1ve]y simple and hence
inexpensive to establish radio communication between vehicles.

Another object of the invention is to provide a new and

25 improved arrangement or method to establish radio'communication '
between vehicles through a repeater without the need for a
separate radio s1gna11ing channe1 _

~ The inyention provides a new and 1mproved mob11e radio
trunking arrangement that_operates without the use of a common

30 control terminal at or for the repeater, as required in some prior
art trunking arrangements.

Briefly, these and other features and objects are achieved
by an abrangemeht in accordance with the inventien for each radio
transmitter and receiver in a communicatidn system. The

35 arrangement described herein can be placed in a "tall originate”




an idle channel is found. When an idle channel is found, this 5
arrangenent causesthe transmtter and recei.ver to becone operable on
. channel, then causes the transmitter to transnmit a busy tone to acqf
enabl e the repeater on that -chdnnel, and then causes the transmtt w
{ransnmit a predeternined group tone Qrjtones associated with the parT cuI ar
arrangenent. The repeater 10 transmts a busy tone on the channel, and°
Ne-transmts the group tone. At each of the other radio transnitters and
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circuit diagram o I Ve arrangenen vehi cl e;
and -4- for its predetermined group tone or’ tones. Nhen the rece'iver

15 detects its predetermined group tone or tenes on a channel, the
arrangement described stops the receiver scanning, and enables
the transmitter and receiver on that channel for communication
through the repeater with the transmitter and receiver in the
"transmit” mode. There may be a plurality of such transmitters

20 and receivers associated with a predetermined group tone or tones.
Thus, a new and improved arrangement or method is provided for

- establishing radio communication between vehicles through a repeater.

The structure and operation of the invention, together with

further objects and advantages, may be better understood from the
25 following description given in connection with the accompanying
drawing, in which: : ‘

FIGURE 1 shows a typical application of a land mobile
communication system for which the described arrangement or method
is intended;

30 - FIGURE 2 shows a block diagram of this arrangement for use
on a2 mobile vehicle;

FIGURE 3 shows a block diagram of the arrangement for use
at a repeater;

FIGURES 4A through 4D, when taken together, show a detailed

35 circuit diagram of an illustrative arrangement for use on a
~mobile vehicle; ‘and




FI GURE 57 shows how FI GURES 4A through 4D are rel ated and joi ned together. A
better unHerstandlng of the need for and use of the arrange- nment or nethod

of the invention can be obtained with-reference to 5 FI'-GURE 1. In

Fl. GURE \t is assumed that a given locality has:been allocated five radio -
r epeat mruni cati on channels (for exanple in bands around 850

Megaher , each channel having a difte@ent radio transmtti-ng frequency
and a different. radio receiving frequénfy. For five channels, five
repeaters Rl through 10 R5 are provided and | ocated at an avail able site

ter, ant enna, and
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would function on a frequency F1-T which is spaced from the
frequency F1-R by the amount to provide good frequency separation
for the transmitter and receiver. Other frequencies F2-R and
F2-T through F5-R and F5-T would be provided.for the repeaters R2
through R5. In the same locality, different Qroups of users may
utilize the repeaters with the radio transmitters and receivers
in their mobile vehicles V1 through V5, for examplie. Typically,
each group has a common basis, such as the vehicles in a given
business, for example taxi cabs or a fleet of 0il delivery trucks.
The number of groups which a repeater can serve depends, among
other things, upon the number of vehicles in a group, the amount
of time a radio channel is used, and the number of repeater channels
available. For example, five repeaters (each including a trans-
mitter and receiver operating on frequencies different from the
other repeater transmitters and receivers) can serve as many as
two thousand vehicles. However, the number of vehicles which can
be efficiently served may change depending upon the demand for
the channels.

If there are  a number of repeater channels available
in a given locality, it is desirable that a group of vehicles

o
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-5- be.abl'e to quickly ascertain which channel or .frequencies are
avai l able, so as to establish conmunication with the other vehicles in that
sane group. The destribed invention provides an arrangenent or nethod for
prOV|ding and establishing-this 5 communication in a relatively si‘&-a

D&

reliable fashion. FIGURE 2 shows a bl ock diagram of the inventi
%;apted for use in a nobile station, suth®as on a vehicle. In Fl GUR
assumed that the vehicle is in t he group of vehicles V1 through V5 shown
in FI GURE 1. TFL(ft ﬁgegﬂe st onlncludeéwiH Edlotra mtter, 10 11
capabl e of oper®t R acsﬁé"?"’r‘é‘qﬂ ghanpel ron Treguancies greang o
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F1-R In such an arrangenent, a S|n e antenn IS sSwWt a relay
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necded by dbcn Uscasablipcat SPrehingzon, Sukiathehe TrendencisR IR Brolghond
recei)ver 1|2 ar d-'SaBsLamddatndbe re‘cedzmreﬂﬁycatpad%atﬂ operckting am, any tdfough t hey
may be anplitu a
OS)CCI | | at gP ci r%F%@#%&e?gﬁegﬁﬁuggngéﬁ ?‘;ﬁ‘ e*ﬁ‘i‘{fq‘éﬁéﬁéﬁﬂg}ﬁg, ng upon
t he signal applfioedeach channelain ondern thehecthet wvehitles 3nd theheepeatervean 12 i s
preferably of iMG.ECiRed %ﬁ@S‘b@f I%evo{-Yd?ﬁhﬁfﬁith'ﬂf'dg‘gﬁlz%egneheca'rh9§ it or

whi ch al so operat es, at one o f'requencl es upon, I he si gnal
suppl i ed by3t hereBiéele: woykd dransgrition adw@rmévarf@egumdéfprby a

generator 16 atexamﬁwﬁﬂk) sl Piyg ﬂ-@qm& rF’I‘-R%th)d Ee%aéi\ﬂéd By'the t 15. The
35 search ger}_eeagg&rr %nd transnﬁl%teg to t e otpngrs' ev lceks %}1 ?remﬂeggy
-F1-T. The other vehicles in the group would receive this repeater
frequency F1-T. When transmitting, the other vehicles would transmit
20 on the frequency F1-R. In such an arrangement, a single antenna
10 is switched by a relay 19 between the vehicular or mobile
transmitter 11 and receiver 12, depending upon whether the vehicle
or mobile station is transmitting or receiving. If full duplex
operation is provided, four frequencies would be needed by each
25 repeater for each channel. The transmitter 11 and receiver 12
are assumed to be. frequency modulation devices, although they may
be amplitude modulation devices. The transmitter 11 includes
an oscillator circuit which operates at one of five frequencies
depending upon the signal applied to it by a search generator 13.
30 The receiver 12 is preferably of the superheterodyne type and
includes a local oscillator which also operates at one of five
- frequencies depending upon the signal supplied by the search
generator 13. Clock signals are provided by a generator 16 at
a fast or slow rate determined by a control circuit 15. The
35 search generator 13 is supplied with these clock signals which




-6- cause the generator 13 to sequentially produce frequency scanni ng
signals.at each-of the five outputs shown in FIGURE 2. These scanning
signals are applied to the transmtter and receiver oscillators to cause
t he asnitter 11 to be sequentially operable 5 on the radio frequencies
dugh F5-R, and the receiver 13 Lo be sequentially operable on the
gquencies F1-T through F5-T. Tone encoders, decoders, and gates 18
are provided for decodlng or filtering tones received by the receiver 12

and for encodin produ i;% Eﬁﬂgated and transmtted by the 10
transmtter ’ial gFrB‘B" rsi Poﬁeq”ﬁe ¥ Prpduge ofreqyaRelbIssariHdg

i ndi cators 141grmgnableechhﬁ= Qﬁerﬁwerowpuweyhom QPFIGURE bi s'Theséi on and to
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generator 17 wh er at con atron in t
node, or to de@dwgeeqrtrﬁﬂ@ﬁaeaMsesmomm biethe seeeimercbhiand| forpl ace t he

station in tEﬁconﬁ&%ﬁ/ﬁrodﬂ?ﬁﬁ tonet & ber gdtedi dnd %Pﬁ?smittﬂé‘d gtk circuit
15 supplles cl ock uls quen r 17 t0 cause the
sequence (benﬁ?ﬂlsﬁ‘f‘ Si GGJE@‘S SO&HI“E “#SOOPQY@'ZPHGCWFPHM ng
SSsres o et tot *Wm“°vﬁaz°zmzweﬁﬂmft"?fz”lLea“
?gp:aat er trgﬁéﬁ}ﬂ‘e?"d; eﬁf@r‘; gﬂ" ;??r of ﬁf? &% H/‘)éhsmt an
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or to place his transmitter and receiver in the "idle" or "receive"
mode so that he will receive communications from other mobile
transmitters or stations in the same group.
The control circuit 15 supplies the clock signals from the
20 clock generator 16 to a sequence generator 17 when the operator
controls place the station in the "transmit" mode, or to the
"search" generator 13 when the operator controls place the
~station in the "receive” mode. In the "transmit" mode, the
control circ_:uit' 15 supplies clock pulses to the sequence generator
25 17 to cause the sequenagenerator 17 to produce signals which provide
the following sequence of functions: first, locate an idle channel;
second, transmit an audible busy tone to the repeater to acquire
and enable or activate the repeater transmitter and receiver on
the idle channel; third, transmit an audible group tone (of
30 selected frequency) which is repeated or retransmitted by the
‘repeater to signal all other stations in the same group; fourth,
transmit an audible subgroup tone (of selected frequency) if the
stations in a given group are further subdivided.into subgroups;
fifth, stop transmitting and cause the mobile receiver to listen
35 and ascertain whether the repeater is sending out a transmission
with a busy tone on the selected channel; and sixth, repeat the

"transmt"
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ascertain whether the repeater i's sending out a transmssion with a b
tone on the selected‘channel ; and sixth, repeat the - -7- sequence

the repeater transnmitter was not enabl ed or activated in the second
fwiction. If the repeater transmitter -wis-activated, then indications are
pyfovided to the operator that he has acquired and activated the repeater,

amd that his station and the repeater 5 are ready for operation. In the
"recei ve" nodeequdneecibhithelrepeatarn traismitpert was rtd‘ooekal:ﬁnusms acbivdtedsear ch
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|

This sequence® $asuLR the Fear a%e'ﬁ‘fég‘?rebg t,%,caﬁe eo??é\eﬁﬁ and
st ops ?nl y- Wneg ttdsprdjdm.el yﬁjnale fo@c]ceha&tgarg ﬁmsyrél?aacy I0f's t e epenanitieed
rou one, an I LS I‘OU ne | 1L1ze
Jbgroup t oneutd regetyar heeFIBERG. .| TS codd. tne rabSfuefs B oy 88GeBBtAY o,
i ndi cati onlQ o tume topeaelt of theafivee frequeacies onl witich the: repeaterocarcan t hen
i ck his h . t at
I GRe 3 shovd ST and) &6 WA GameS Bind BIRAY £AE Srkhi €48 FReh, "9 BB 00
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transmtter frequenc1es. This sequence. is continued as long as the receiver
12 is operable, and stops only when the receiver 12 receives a
busy tone, its predetermined group tone, and its subgroup tone if
utilized. If the group tone and subgroup tone (if used) are
20 received, the control circuit 15 provides an indication to the
operator that he is being called. The operator can then pick up
his handset or microphone and communicate with the calling station.
FIGURE 3 shows a block diagram of one of the repeaters of
FIGURE 1 for use with the control arrangement in accordance with
25 the invention. In this repeater, an antenna 30 is connected to
a receiver 31 for receiving a particular frequency, for example
F1-R. The receiver output is connected to a busy tone notch filter
32 which filters out or rejects the busy tone, but applies the
received audio signals, group tone, and subgroup tone to a transmitter
30 33. The transmitter 33 is coﬁnected_to an antenna. 37 for trans-
mitting on a companion channel frequency F1-T. The companion channel
frequencies Fi1-R, F1-T are separated sufficiently for proper circuit
operation. It is possible to opératé the receiver 31 and transmitter
33 on the same antenna, or to operate all of the repeaters on the
35 same antenna. The receiver output is also applied to a busy tone
bandpass filter and detector 34 which detects only the busy tone

fifth, .stop transmtting and cause the nobile receiver to listen 35 @
|



he transmtter 33 is connected to an antenna 37 for trans- nitting
orgsani-on channel frequency F1-T. The conpani on channel freq

are separated sufficiently for proper circuit operatio

or to Operate all of the repeaters on the 35 same antenna. The re _
output is also applied to a busy taon@ bandpass filter and detector 34 which -

det ects onl

y the busy tone -8- frequency and applies the busy

detection signal to a tinmer 35. The tinmer 35 produces an enablin
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aéy%he repeater so as to insure that the mobile stations are

kept in operative condition even'though there is a momentary
absence (for example a few seconds less than'lo) of any mobile
station transmission. However, the group and subgroup tones are
passed from the mobile transmitter through the repeater receiver
and transmitter. The 1ndividua1_blocks of FIGURE 3 are known in
the art, so that a more detailed description of them is not
believed to be necessary. Each of the repeaters of FIGURE 1
is similar to FIGURE 3, but operates at different frequencies.
FIGURES 4A through 4D show a detailed circuit diagram of
the mobile station communication establishing arrangement of
FIGURE 2. FIGURES 4A through 4D form a single FIGURE 4 when
arranged as shown'in FIGURE 5 with correspondingly positioned
circuit leads (at the figure edges) connected together. For
clarity, the transmitter 11, the receiver 12, and the antenna
10 of FIGURE 2 have been omitted. In FIGURE 4, the search

ubgr oup
eat er
@nown in

generator 13; the clock generator 16; the tone encoders, decbders,

35

and gates 18; the operator controls and indicators 14;-and the
sequence generator 17. are shown enclosed in respective dashed 11
rectangles. The remainder of the_circuit.outside these rectangl

ne
es

comprises the control circuft 15. The circuit of FIGURE 4 comprises

four types of logic gates, namely an OR gate such as Gl, a NOR g

ate

to operate the receiver 31 and transnmitter 33 on thé sane antenna, -
o



shown in FIGURE 5 with correspondingly positioned circuit leads (a
«figure edges) connected together. For 30 clarity, the transmtt
the receiver 12, and the antenna 10 of FIGURE 2 have been onitted. In
FGURE 4, the search generator 13; the clock generator 16; the tone .
gﬁcoders decoders, and gates. 18; the 8perator controls and indicators 14;
d the sequence generator 17 are shown enclosed in respective dashed |ine
rectangl es. The remainder of the circuit outside these rectangles
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i nput. In our CIFC%@ aye assune ti've vol tage
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+V, and that 34 PERUCES;& ?S?% véFt'éesBPniﬁ $andill %mﬁﬁeﬁnp‘&sh@{%ltages may

be utilizgd fgy at 1Ic0chih frivéries i Cimp1 Jp{ioduces theT he §¢ rigweksioni bf zes a
nunber of blstable |$?flo
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response to athaggaciojibel rig apusitive vyltagel He,pl and that aetogrinpmmss and
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The circuit . ufan tlaes]oeic 1rrsrld'|1139\mﬂbh i s, nor mal |y reset to produce a |ogic
% at its qlgerr] OUTMEirW&”uﬁhﬁéhk’?rnuﬂiﬂed;‘ %fsﬁ'ist'aﬂlé FIRPIABPEQ stchogi € 1
ei ng applled to Its set | g 0
as the fIip flop FFl. The f11p f1op FF1 produces a logic 1 at
its output and a logic O at its § output in response to a logic
1 being momentarily applied to its set input S; and produces a
logic 0 at its Q output and a logic 1 at its § input in response
20 to a logic 1 being momentarily applied to.its reset input R.
The circuit utilizes a timer T1 which is normally reset to produce
a logic 1 at its § output. When the timer T} is set in response
to a logic 1 being applied to its set input S, it produces a
logic O at its § output for a predetermined time (ahproximately
25 10 seconds in a preferred embodiment). After the predetermined
time expires, the timer T1_resets so that its § produces a
logic 1. The predetermined time is adjustable. by means of a resis-
« tor circuit associated with the timer T1. A timer T2 is also
provided. This timer is similar to the timer T1, but has a
30 predetermined time-out period of approximately 15 seconds in
a preferred embodiment. The tlmer T2 further includes‘an inhibit
input INH. If the timer T2 is set and if the inhibit input INH
is supplied with a logic 1, the timer T2 will continue to produce
a logic 0 at its § output as Tong as the inhibit logic 1 is
35 applied. After the inhibit logic 1 is removed, the timer T2

FI GURE 2.- FI GURES 4A t hrough 4D forma single FI GURE 4 when arranz:§§§§>



| ogic O at its [err] output for a predeternmined tine (approxi mately 25 | 10
seconds |n a preferred enbodi nent).. After the-predeterm ned tinme expires,
the tinsme] Tl resets so that.its [err] produces a logic 1. "The predeterm ned

A timer T2 is also provid .Thlstlrrer|55|mlar to the timer
T1, but s a 30 predeterm ned tihe-out period of approximtely -
15.seconds in a preferred enbodi nent. The tinmer T2 further includes an L

i nhibit inp t |nh|b|tinputINHis
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i ts input SC.appliedetadts eimpateStr ommdpwlsea roprpdicedTat asQquence

gener at or 1; t&& udes a six stage shift register 10 SR1 having a cl ock
input C, a g i nput R, and a feedback input D. When the shift register
SR1 is in an iniTheasequence genecatori 17 dncluddsoai sixl stageshifhregisterage 1,

and all t?t heR Sﬁa@gﬁi ataE??éE 1ﬁpt£9%' Ca Or-eﬁzg ﬁwh@gkcaﬁd'é feed LAty passed

t hrough 1 he subse ages ‘ock signals. The
15  stagesDrayhenctheish afmaa'esftesfs%hagtygég i éhcnrhgesgbmﬂ%tmnm ng

functi g“ feﬁ“ldgﬁl‘é fors rélsé#t“ilgts%ﬁ@e 1' nauil’d m#f@lih"e?ds dayrent ?tage ]-} had
gﬂ:nrslgl Sts;lg gﬁ“ aﬂ%ﬂ% Slljsfft)g Qéssfﬁ%n&h gg g:;esoraﬁd Is;/:ge
6 had one sublsseqoe::t stages i2stAfbughat aéspv‘nsﬂtosumﬁéla@egnm.cmhe‘ or a
ggggﬁdg é?ieesﬁ%,x,gngﬁ erynum%er 04' sugggarbcé%, 'cy\%engin b'c':rf E‘1;h g#l;['m& 02
function requ1red for a g1ven stage. In a preferred embodiment
stage 1 had one substage, stage 2 had 2 substages; stage 3 had
6 substages for a five channel system; stage 4 had 2 substages,
stage 5 had 5 substages; and stage 6 had one substage. This is
20 a total of 17 substages Which for a clock pulse rate of one every
60 milliseconds, would requ1re about 1.02 seconds for one sequence
through the shift register SR1. Stage 3 preferably has -a period
sufficientTy long so that each receiver in a group has sufficient
time to scan all channels for a group tone if it is'present.
25 Stage 5 preferably has a time period sufficiently long so that
activation of the répeater can be determined. These times will
be discussed in more detéi] subsequentTy. When the logic 1
reaches stage 6, it is fed back to the feedback input D for
subsequent passage through the stages. A count by two counter
30 60 is connected to stage-sito prqduce'a logic 1 at its output
response to every other ldgic 1 at stage 6. In the search
generator 13, a five stage shift register is provided fbr'the
five channel frequencies. 'Each of these stages has only one
substage. A logic 1 is passed from one stage'tq a subsequent
35 stage in response to a clock pulse at the c]ock'input C. When



through the shift register SRL. Stage 3 preferably has a period
sufficiently long so that each receiver in a group has sufficient tinme to
Scan all channels for a group tone if it is present. 25 St age A -
preferably has a'tinme period sufficiently long so that activatidn t he
mepeat er can be determ ned. These tinmesiW4| be discussed in nore—detail
subsequently. When the logic 1 reaches stage 6, it is fed back to the
feedback input D for subsequent passage through the stages. A count by two
counter 30  &e ilsgtorineeachest thestshage 6,t thepnexiticdoek Ipudse chuaes iitts out put
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t hese circui t§°'P'WE &0 Ehe audIR pubgyt °8n VRERI VA ’l’FpL?F 99&%nnect ed
to the audi o porttion ircludes raeeeiteeraridera’dhn:edecdd\gncpbratlbts Qnmltmies a

br edet er m ned Hestefie, 2O, thaélar hedstapufiity, HhcuBRer>fhifs de e T,
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Each of the circuits al’so inc an enc uces a

particul ar tosRiect wu@ucyﬂmsérﬁﬂcﬁgom%nth%émE‘ihsl"rﬁed ElﬂthQf 6he of 15 the
tone. A rel aginaliys hﬂgb fied udes raﬁqmmr%r%@&i) uméﬁ Droguddseherred for the

more qui okl y. PATRICHFa 506 reueRicy. iEneBALAg uagn pestntended nEEiarcBTency
but are pygef etwé)ltyne.n mhpel\actnvelyr angie auﬁi@tﬂ-eméncgquemoeslieﬂtanm tted,
narel y preferred for the busy tone, since the higher frequency passes
through filters and operates more quickly. The group and
sUbgroup tones may be any suitable frequency, but are preferably
in the voice range of audio frequencies transmitted, namely
20 between 400 and 3000 Hertz. Each of the circuits TC1 through
TC4 acts as an encoder in reSponse to a logic 1 applied to a
control input C, and acts as a decoder in response to a logic O
applied to its control input C. The outputs of the encoder
portions of the circuits TCI through TC4 are selectively_applied
25 . through switches S4 through S7 to a tone amplifier 51.XThe
ohtput of this amplifier 51'isicqnnected to the transmitter 11
for modulating the transmitted signals in accordance with the
tone. In the tone encoders, decoders, and gates 18, also include
a tone burst generator 50 which, along with the ready lamp 41,
30 provides a short audible indieation to the operator that he has
received a call, or that he has enabled the repeater to transmit.
The circuit, also utilizes a plurality of switches S1 through
S7 indicated by a switch arm contained in a rectangle. Because
the circuit operates with logic signals,. the switches S1 through
35 S7 should be fast operating, S0 that some device such as an
FET transistor is preferred 'Each of the switches S1 through 7



20 bet ween 400 and 3000 Hertz. Each of the circuits TCl through TC4 acts
as an encoder in response to a logic 1 applied to a control input C and

act's a decoder in response to a logic O applied to its control input C .
The uts of the encoder portions of the circuits TCl through TC4 are Ea
‘sel ec ely applied 25 t hrough switches S4 through S7 to a tone anplifiers’

51.[err] The output of this anplifier 121-i s connected to the transmtter n
11 for nodulating the transmtted signals in accordance with the tone. In~ "
t he tone encoders, geco ers

and .gat 8, ‘al so_jncl,ude g tone burst
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S1 through 35 7+ R4 ; { L Dgs t vi ce such as an
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responds to"Waitglemzidgnte indpeated te an operatornthatahisi captepldashed Iine in
contact wit Iarpgg&gﬁghf Gl PédRingofdr S%,ﬁﬁﬁ ePPANSré usmt,,@ch] P h in response

to a logic Q, provi des a Cl osed p; I'n response alogic 1. 5

In the oper dndicatgnte @nsopgraton dhak: biss contral arrangement \Bas " | anp 40 to
i ndi cat e t oepgbladethd Trahdifitttér sandoPddedver forNgRiraion ;S al Ridrong for a
channel ;_a "ready, tqang 41 t‘ig i ndicate %owgn.o __eriator t hat |§'control
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swi tch 45 habeney haok swi et i4Spbav ingosn mehoakn posi tiod pkhenc the misrgphooed on
the switch , 6 ffraQ ogkti ek lene i +3hf My 42 is
renmoved fro?n?tk%lage\neétacﬁ%{sh;&gﬁﬁto?‘i Egﬂ |‘38a¥@(ég’5r'gba°§ é%ﬁ‘gg?grm%\t}vi ch 46 if
subgr ou}P t oMésroPhpRe J2i is nemoved from the switch 45; and finally a

subgroup selector switch 46 if subgroup tones are utilized.

A notch filter F1 is connected between the receiver audio dutput
and the loudspeaker switch S2 to remove the busy tone (preferably
3000 Hertz) which would otherwise be heard by an operator. If

20 desired, the microphone 42 and 1budspeaker 44 may be replaced by

' other devices, such as a telephone handset which can be placed
on the hook switch 45. _' . |

When an operator is in his mobile.unit and is expecting to
be called at any time, he places the system in the "receive”

25 mode by turping his transmitter and receiver on. This provides
power to the system, and'the-VOltage +V is applied as a logic 1
through the on-hook contact of the switch. 45, the capacitor C5
to reset the flip-flops FF1, FF3 if they are not already reset,
‘and the capacitor C1 and OR gate G16 to reset the flip-flop

30 FF2 if it is not alréady reset. However, the transmitter is
not keyed or radfating, and the mobile antenna is connected to
the receiver. If conditions require distinction between mobile
stations in a group, subgroup_toneS'(one for each desired sub-
group) may be provided. In FIGURE 4, it is assumed that there

35 are two subgroups available, and that the station shown is



2

A notch filter F1 is connected between the receiver audio output and thes
| oudspeaker switch S2 to renpve-the busy tone (preferably 3000 Hert z) ﬁ;.
woul d ot herwi se be heard by an operator. If 20 desired, the m crophone=4Z
and | oudspeaker 44 may be repl aced by other devices, such as a tel ephone”
hardset which can be placed onthe hook,sw tch 45. When an operator is -n
is nmobile unit and is expecting to be Egrled at any tinme, he places the
systemin the "receive" 25 node by turning his transmtter and receiver

on. This prowuid rMto S +\Yei 5. applied as a
logic 1 throu\g;lih'F'.‘ﬁo«.ﬁglri\\ﬁlr;lo'okH%'{cg:(ra?t’aﬁc,{'fet ggbﬁrﬁ’ggs%/\na?g‘ﬁl%é?ﬁf%hexgagsaqi tor C5 to
reset the fliFonnegedrio subgrpupr camagtale Mbis goneects tangecirewid t he

capaci tor Cl zgd fdp SabgrotpOl iath o8R! cif@iit) | iindl idtoRRectsFdnd icikéuits not
al ready reset. wever h
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eac esired sub-_grou e provided.._Ln, it is assune a
There 35 ar 3% ab i 10tn 00y Te.Fl tsrion £58 19,2750 meset o SRe€ATEn s - 13
- Ln subgrouleouttthﬁg anegtmlt)g'rdltlnssedmsol_:hesvT\Nmcdfatéﬁ@liasmcvmﬂuwd to )
subgroup cont gct,. 1. s.tape Gir 0 r into the .
circuit, and %i i?:%‘r?n&%@d ﬁ g%%%r%\.ﬂ%? H@Eeg'gﬁo@u%irngubp@l{?goﬁquﬁﬂé circuit.
In the "recei sbiftrmegistert 6R1 rissthe seqyeniceoger@Patay dd:i puthei dogic 4 1 ogic 1
and its Q ot L Sga [ [ 1 Is t so that
Its Q out pm‘ Ebgsgdﬁ%ggls%at&bog‘h@sﬁ%%@?:gﬁ% ﬁgi%ﬁggﬁ ésiﬁi%%é%?ﬁce a logic
0 and prevent @ togieOphy $be inventernillg Jisi kagico0 tausesithe ANygater SR1 in

the sequence ggnes rdduce’a Tdfc! 091 Aflng Q1gAP0US Spddbnt enbgdnisoput put of
the flip-flop FF1l is I C 1. This logic O

causes the ANI§°§%E°§353|8€Q/ghtﬁswtﬁgﬁgralq?gﬂ“@o@gyat} th%’ \é?é;; h%% S6h&¥ent, the
sensor connecimay detetbea rcaseiercsignalcortbusy tdnedor @roap Gonéhass destwl, nay
detect a CRr iR edAPdnat’ ths' Send S GelctOtRE busy "Eond® FiitiehEy: The
logic 0 (for no signal) is changed toa logic 1 by the inverter
12 and applied to the AND gate G9 along with the logic 1 from
~ the § output of the flip-flop FF1. The AND gate G9 produces a
logic 1 which causes the OR gate G10 to produce at logic 1
20 so that the speed control input SC causes the clock generator
16 to produce pulses at a fast rate (every 30 milliseconds
for example). The logic O produced by the inverter I1 causes
the tone circuits TC2, TC3, TC4 to decode. The output of the
OR gate G22 is a logic O which causes the tone circuit TC1 to
25 also decode. But if no tones have been received at this time,
the Q outputs of the decoders TCl, TC2, TC3, TC4 are at a logic
0. Hence, the gate G5 produces a-ldgic.o. The flip-flop FF2
is also reset so that its Q output ¥s at a Tegic 0 and its §
output is at a logic 1. Under this condition, all inputs to
30 the NOR gate G2 are at a logic 0 so that this gate G2 produces
a logic 1. This logic 1 permits the AND gate G6 to pass the
logic 1 clock pulses as they are produced (at the fast rate at
this time) by the generator 16. These clock pulses are passed
by the AND gate G6 and the OR gate G7 to the clock input C of
35 the shift register SR2 of the search generator 13. This causes




'_ 15 W "pref.;er that the sensor detect the busy tone frequency. The logic O
(for,- | ‘gnal) is changed toa logic 1 by the inverter 12 and applied to

[ ). O
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t he' Al pte (O along with the logic 1 fromthe [err] output of the

flip- FF1. The AND gate @ produces a logic 1 which causés the OR gate -
GlO0 toproduce at logic 1 20 so that _t4ye speed control input SC causes the o/
clock generator 16 to produce pulses at a fast rate (every 30 mlliseconds .
for exanple). The logic O produced by the inverter |11 causes the tone L et
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[err] out putm°P§1%1t5t&tf%i5€ ﬁhatuﬁ%rtrﬂh?‘%’ ghAnd; pereiyer qf‘#p nedi 5 30 the
NOR gat e5G2 tar ehédtfra d-awiés FiRoakd FUT W2R avd #2067 FIROAMEFITR 1 ogic 1. This

l ogic 1 per ass_the Io ic 1 clock pulses as the
arg pr odﬁce?"‘%‘ ‘{]ﬁé %’gtagga%& ﬁr'ssqq URRS 'bg t he gener a?or 16. Thesey
cl ock EUI fses ar epras_sﬁghabyi; ldatéddadgen a Gﬁamui by etheRrepdivery the tTE_e cl ock
i nput 0 e t hes e i's
causes - Saohyf s¥ibt orGRGETS Watell, | IFiSdREC 1008 tRbREed IR 5
sequence. A:a flogtc Ooby the fnvertecdd sorthaghtheadND gadgeGd iproducesges the
osci | | aggr e a ht f bile
] ?g&‘?ﬁ:‘é At Bhid'Qihk rb?'Eh fripluté %ﬁe%wggtgmb Oemﬁe

station 'So th ransmtter recei ver are
frequenci es 3E1R mcﬂﬁo ‘that z}'hﬁ mrammrﬁmghes taRi gl T and F5R and

(el Seneaites sstaclaiasyclo i couayifon SaiTenth e e 051 'S
thg i nverter® Fg{ ﬁﬁ“‘?ﬁﬁﬁ%ﬂf&ﬁ&k 880&?6@% 3 (pusy Lang,y 2 gyoup g\t t hi sy
time, both itope] andoa tsubgrburgat torfdl 3f atheyaare present.0 BP at bady ttbee gener at or
3?\,2"“t tthes 150prdsant, WePhUs thid YebSI& -¥c?°p#3‘dbééss R ‘19&- exanpl e) to
its Q output. If a proper group tone is also detected, the
group tone decoder TC2 produces a logic 1 at'its Q output.
This logic 1 is held sufficiently long by a capacitor C4 for
detection of the subgroup 1 tone. With receipt,of the busy tone
20 and group tone, the tone decoders TCl and TC2 produce a logic
1 at their Q outputs. This causes the AND gate G5 to produce
a logic 1 and the NOR gate G2 to produce a logic 0. This logic O
prevents clock pulses from passing through the AND gate G6 so
_ that the search generator 13 is held with the logic 1 in the
25 stage of the shift register SR2 which activated the receiver
oscillator (and also the transmitter oscillator) associated
with the channel frequency on which the busy and group tones
were detected. If the proper subgroup 1 tone is detected,
then the tone decoder TC3 produces a logic 1 at its Q output.
30 This logic 1 is passed by the OR gate Gl11.  When the decoders
TC1, TC2, TC3 simultaneously produce a logic 1, the AND. gate
G12 produces a logic 1 which is passed by the OR gate G13
to set the flip-flop FF2, and to also set and start the timer
T2. When the flip-flop FF2 becomes set, its Q output supplies
35" 725~ a logic 1 which causes the NOR gate G2 to continue_producing



receiver circuits sufficient time to detect a busy tone, a group tone, and -
a subgroup 1 tone if they are present. |If a busy tone 15 is present, *the
busy-tone decoder TCl produces a logic 1 at its Qoutput. If a proper )
tone is also detected, the group tone decoder TC2 produces a logic 1 §&
itss Qoutput. This logic 1 is held sufficiently long by a capacitor C4
detection of the subgroup 1 tone. Wth=-rEeeipt of the busy tone 20 and
g\soup tone, the tone decoders TCl and. TC2 produce a logic 1 at their Q
outputs. This causes the AND gate G5 to produce a logic 1 and the NOR gate
& to produce & fegiicc Oothathblogksgthe Glpek puhses dnothe AND gasefGdm passi ng
t hrough the ANWigajdai r 8L 18g9 Lt h the
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mi crophone 42 The thsint O TaAd Pece ePSEF thdi hebT 182uAIRNERE tanéd1&oSthe
| oudspeaker 44 thr O:ﬁ‘h th%t fﬂ@ter F i ver audj 0.0 and

. etatve FRaduenclas 3o dommieatang At
cl osed swi t ch-PESPoHABREL! FEERIve, Trequencips Sar Lommunicating With ci4 for
-keying the tranenrégeater Bocotimyi mobli ler awttshén @heugroup.of the flip-flop FF2
oo Lurns on the (PR delRicH sSRSu I H Ry RF LT SR HraeBeRg oL o
i s recei vilhg d5csetands timing period of the timer T2) by removing his micro-
phone 42 from the hook switch 45, or if his microphone 42 is
already removed, the switch 45 supplies a plus.Voltage or logic
1 to the off-hook contact. The logic 1 from the off-hook
contact inhibits the timer T2 from being reset, and thus maintains
20 the § output at a logic 0. Hence, the flip-flop FF2 remains
in the set condition. When the operator wishes to talk, he
depresses his microphone push-to-talk button 43 which provides
a logic 1 through the closed switch S3 to the OR gate G14
to key the transmitter and cause it to radiate and to cause the
25 antenna relay to switch to the transmitter position. Each time
the button 43 is depressed, a Jogic 1 is applied to the OR gate
G22 to cause busy tone'to_be transmitted so as to keep the
repeater.timer 35 producing an enabling signal. Upon release
of the push-to-talk button 43, the transmitter is unkeyed and
30 the antenna relay switches to the receive position so that the
operator can hear signals in his loudspeaker 44. If the
operator does not remove his microphone 42 before the timer T2
times out, the Q'output returns to a logic 1 which resets the
fiip-flop FF2. This causes the NOR_géte G2 to produce a logic 1
35 that permits the gate G7 to pass clock pulses to the search




The transmtter and receiver of the nobile unit are tuned to the proper
&ppnit and receive frequencies for communicating with the repeater to
€y.+mobile units in the group. |If the operator responds pronptly

=T hi it he preferrred 15 15 seconds timng period of the tiner T2) by
removing his nmicro- phone 42 from+ M6 wook switch 45, or if his mcrophone'w’
42 is already renoved, the switch 45 supplies a plus. voltage or logic 1 to-
the of f-hook contact. The logic 1 fromthe off-hook contact inhibits the
timer T2 frsﬁnenétmglaeséﬁncartdiatmpgrﬁawmﬁare@ewer willerdtarn] tout put at a
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NOR gatl@ GThis mvmiﬁsea sapagjitor1C@3o discharge o mcrn gﬁ@t&hit? to pass
cl ock pul seghet %Jé?‘%eﬁ?qmcbmduceé% 1Gﬁﬂ?rlalﬂit 53 pd&y

operator's.receiver W |l recel ve" e angﬁscan and he w ||

mss the mifsquta Giftka "Fﬁ%t ftIth%lﬂlpdﬁfqﬂ:fF?efé’é't §°a""I1f‘91 t is desired to
keep the user Oghen Sh@maﬁetorevgrthrhu@e cdmmnicatiny ﬁéfplfaeag hilshe tiner 5

rom i ne obigkpdiaasteZ ik ort 2RE ik siichidb. it cRESRR AP om the - "
circuitls | rvcﬂlhage oxsbogiichd® tusbe appl‘lhed choaithe @n-hdok cbataotl. aFhilsong as there
, 1S activity,X0en skr alar119 Bassed by a capacitor C1 through the OR
gate G16 to reset the frip-flop FF2. When the f1ip-flop FF2
is reset, its Q output returns to a logic 0. The logic 1 from
the on-hook contact is also momentarily passed by the capacitor
20 €S and the OR gate G3 to reset the flip~flops FF1, FF3 if they
+ are not ‘already reset. Removal of the tones causes the gate G5
to produce a logic 0. The flip-flop FF3 is still reset to
produce a logic 0. Hence, the NOR gate G2 produces a 1ogic 1
that permits clock pulses to pass through the gate G6 and cause
26 the search generator 13 to begin searching once again. This
searching is at the fast rate because both inputs to the AND
gate G9 are at a logic 1.
In brief summary, when the system is in.the "receive” mode,
the shift register SR2 causes rapid scanning until a carrier is
30 detected. This changes the scanning to the slow mode. If
the busy tone and the proper group and subgroup tones are
received, scanning stops, and an indication'is provided to alert
the user of a call. The user has a predetermined time (15 seconds)
to go off hook (pick up the microphone) and communicate; If he
35 does not go off hook, scanning resumes after ‘the predetermined
time. '




This pernmits a capacitor C6 to discharge to logic 0, so that the invey

14 produces a logic 1 that is passed by the OR gate Gl6 to reset the

flip-flop. FF2 for scanning. Wen the operator is through conmunicati ng,

phaces his microphone 42 back on the kobk =switch 45. This causes a plus 15

voltage or logic 1 to be applied to the on-hoek contact. This logic 1 is
ntarily passed by a capacitor C through the OR gate Gl6 to reset the

flip-flop FF2. ek ithe Ttrapsmitdpmedey it tscggain mssumedothafuthe sobihe to a
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group tone andilengorichptile Gogic 1afcon thé § huspwbgrthepréséwﬂwmtabeen
cooc e hePtzan e SR8 P St s (RaTET 2hAP SO AR e Rien ey o o
13 s scaiBi nfFFilhand places it in the call originate or transmit mode. The -
Q output of the flip-f]op_FFl switches to a Togic 1 which turns
on the wait lamp 40 to indicate to the operator that he must
- wait until a channel is established. This Q output logic 1 is
also applied to the set. input S of the timer T1 so that its
20 Q output produces a logic 0 for a predetermined time. This
predetermined time is preferably in the order of a little more
than 10 seconds, or sufficiantﬁtime_for the sequence generator
17 to run through its entire sequence at least twice for each
channel. (If proper communication is not established after
25 two entire sequences, the resetting of the timer T1 causes its
Q output to produce a logic 1 that resets the flip-flop FF1 to
the "idle" or "receive" mode.) The Togic 0 at the § output of
the set f1ip-flop FF1 causes. AND gate G9 to produce allogic 0
so that the rate of the pulses produced by the clock generator
30 16 is not controlled by the gate G8. The logic 1 from the Q
output of the set f1ip-flop FF1 is also applied to the AND
gate G4 along with whatever logic is being produced by the
inverter 12. If, at the time the operator switched to the
“call okiginate“ mode, his. search generator 13 was on a busy
35 channel, the receiver signal sensor produced a logic 1 which was
inverted to a logic 0 so that the gate G4 produces a logic 0.

'ceasé,fthe Q out put of the busy tone decoder TCl beconmes a | ogic 0. 10 §z



channels in the fast node since both inputs to AND gate (O are-at- IFogic 1.
The gperator may initiate the "call originate" or "transmt" node by either

nong rin depressing his push-to- talk button 43 or refrovi.ng his .
m o'gﬁ one 42 fromthe hook switch 10 45. Either option causes a L
pos e voltage or logic 1 to becggnentarily appl i edby the respective >’

capaClitors C2, C3 to the OR gate This logic 1 is. applied to the AND
gate G3 along with the logic 1 fromthe [err] output of the reset flip- flob‘
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16 i's not contr 3{ | ogi ¢ rom:t ut put of the
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| ogi chl 3 bigienAND 'ga dtleiqm By gemit reher éRck! Bulses. friim the gtehmﬁdge oper at or
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The clock generator 16 produces pulses at the fiest fast rate
until an idle channel is reached because the logic 0 at the
Q output of the set flip-flop FF1 is inverted by the inverter I1.
to a log1c T and applied to the AND gate G8 along with a log1c 1
20 ~¢ from the inverter I3. When an idle channel is reached and the
flip-flop FF3 is set, the logic.1 at its Q output is inverted
to a logic 0 by the inverter I3 so that the AND gate G8
produces a logic 0. The gate G9 is already produc1ng a log1c g.
These two logic 0's cause the generator 16 to produce clock
25 pulses at a slow rate. The pulses are applied through the gate
G18 to cause the shift register SR1 to operate in the slow mode.
The logic 1 produced by the inverter I1 also places the tone
circuits TC2, TC3, TC4 in the encoding mode. At the start of
a call sequence, a logic 1 is in stage 1 of the shift register
30 SRI. This logic 1 is applied to an AND gate G19 along with an
input from the signai sensor which, with no signal present,
produces a logic 0. Hence, the AND gate G19 does not supply a
logic 1 to the OR gate G21 and the search generator 13 remains
on the idle channel
35 In the “call or1ginate" sequence, the slow rate clock pulses
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| ack of. a busy tone), the receiver signal sensor produces a logic 0. This
logic O is inverted to a logic 1-by the invert 12 5 so that the gate G4
produces a logic 1. This logic 1 sets the f||p flop FF3 and its Q outp:
produces a logic 1 for the remainder fo the "call originate" sequence. ‘
TS logic 1 fromthe flip-flop FF3 cauz&s the NOR gate &2 to produce s &
I({g;c 0 so that the gate G prevents tthe?cl ock pul ses fromreaching the 10
seafch generator 13 for the remainder of the "call originate" sequence. The
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TC2, TC3, encodi seque :
logic 1 is in andageansmits tahée% musy 1‘:0!'@ en cthe3selected .chammels tbdmbd Q i s
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which, with nolyﬁagnal presen AND gate Gl19
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the slow rgte fﬂ O%raﬁg%erred logic } in stage 3 again passes through the gate .
G14 to key the mobile transmitter 11. The logic 1 is also applied
to the switch S5 associated with the tone circuit TC2. The tone
circuits TC2, TC3 are already in the encoding mode. When the switch

. $5 is closed, the group tone (fbr example 1050 Hertz) produced
20 by the encoding tone circuit TC2 is applied to the tone amplifier
51 and the keyed transmitterlll which transmits this group tone
to the repeater which retransmits it to the mobile stations. The
logic 1 is held in stage 3 for a sufficient length of time to
permit all of the search generators in the other mobile stations
25 to pass through all five stages of their shift register SR2,
since it is possible that a search generator could have just left
the acquired channel at the time communication was being established.
Those stations in the designated group begin to respond. _
After a suitable number of clock pulses, the logic 1 in the
30 shift register SR1 is shifted -from stage 3 to stage 4. This
{ transfer terminates the group. tone provided by the encoder in tone
circuit TC2. The logic 1 in .stage 4 is passed by the gate G14
to key the mobile transmitter 11. This logic 1 is aiso supplied
through the'subgroup-selectqr switch 46 and its contact to close
35 the switch S6. (If the selector switch 46 had been in position 2,
wthe Jogic 1 from stage 4 would have been appiied to. the switch S7.)



are passed by the gate G18 to cause the logic 1 to shift fromstage 1 o0
stage 2 of the shift register SRL. This logic. 1 is applied by the OR gate
‘-.the switch S4 and also to the tone circuit TClL to'switch it to the .
A N node. The tone circuit 5 TC1 produces a busy tone of 3000 Hertz -.
[ J passed by the switch S4, anplified by the tone anplifier 51, and 4
applled to the nobile transmitter 11. <Thg +0gic 1 in stage 2 is al so passed .
by the OR gate Gl4 to key the nobile transmitter 11 so that the busy tone -/
is transmtted to the repeater. As nentioned before, the repeater 10
transmitter FBe dionel fRomEtiRe isabgronpl behebgirauddi HE3 dffor rexamples W00 dtertziind
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o Tt ahRUA haYe brsn cnab el R HevBl by hERi DR 1And: PSYe RE0RIor -t one
circuit T82. sRduld bgipresent) ont tige chaareipaskeduby tone t;apeem tankey t he
Selector ow [RIF1TEA My, the TalPibfiatoarer i 13 Redifdr 18 ﬁé@e@&%ﬁf"{ he
sel ect or swi thé decodari ofctonei atnrovdtt Tn to, produce agilegic fir atnidsa@e 4 woul d
have been apgiifft.t ori8C16y¥c! ¥ abng with the logic 1 from stage 5 of the
shift register SR1, is app]ied to the AND gate G23 to cause the
20 gate G23 to produce a ‘logu_: 1. This logic 1 is applied through the
OR gate Gl to the r'eset_ input R of the flip-flop FF1 to reset that
flip-flop, and stop the calling sequence. Resetting of the flip-
flop FF1 extinguishes the "wait" lamp 40. This logic 1 from the
gate Gl also resets the flip-flop FF3, and its Q output switches
25 to a logic 0 to prevent any further clock pulses from passing
through the AND gate G18. This logic 1 from the gate Gl resets the
counter 60 and passes through the OR gate G20 to reset the shift
register SR1. The logic 1 from the gate G23 is also applied through
the OR gate G13 to. set the flip-flop FF2, and to set or start the
30 timer T2. When the flip-flop FF2 becomes set, its Q output switches
to a logic 1 which turns an the ready lamp 41, closes the switches
st, S2, S3, and energizes the tone'burst'generator 50 so that the
operator- is alerted that he has obtained a channel. The closed
switches S1, $2, S3 connect the speaker 44 to the receiver 12,
35 and connect the microphone 42, and the push-to-talk button 43 through
the gate G14 to the transmitter 11. If the operator removes his




20 The .tone fromthe subgroup tone circuit TC3 (for exanple 400 Hertz) is
passed by.the switch S6 to the tone anplifier 51 and applied to the
transmtter 11 which'is keyed and transmts the tone to the repeater M
re-transmts it to. the other nobile stations. 5 After a suitasl®
nwaber of clock pulses, the logic 1 is salfted fromstage 4 to stage 5 of
the shift register SRL. This transfer term nates the subgroup tone provided
b he encoder of tone circuit TC3. Under this condition, no logic 1 is

applied to the Wéragﬁﬂfﬁe 42 ¥rlofi*thd '&ﬁﬁ@aghkeoéfﬁgsﬁﬁet Efiter! #2 f3FOGR unkeyed.

10 At this tine I nput s are ,
this logic 0 catifes oo BuB%ﬁ‘ft@)Y\% voil age 9"T7(931Fol i PBH ied '@h’fg“%&*}ée nmode.
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by this time, afffainsak 8n]a° Epaé‘aog‘?‘%l%gg 1 r-@g'aéy Eemaing %nngﬁq‘ t ?ybusy

Eone i's presteﬂtﬂmd}jﬁp@etw:mdbi/n-mesétfabhdﬁ{ibg';niab‘seQ outbut off ecmg\aler t he

one causes e oder e I | ; uge. a | its

bt put - This 1 obiirsares, eBh 'RRrafte, 62 rpBided B, PG G shEf hrce Bk ° ©

regi ster SR1, ipulseplcautotbe hppiidd btattheCRsarch generatarhd32(nd cause G23 to

produce a | ogic | th

reset input R o’f.ﬂat ﬁsﬁqﬁSh?‘P Cﬁaﬂ—r@l] t&%elssgft%h%a ]ﬁiﬂcﬁhﬁm ,@hge%ogot he ©

cal ling sequencdeprrsses tlnﬁgntsh tordafkiutten A3, the ésasmdupmeé HRASS@Ri t

lamp 40. Thigs | etioagh fHeOOR tdaeegezzet@%a%ké%ﬂee%&ﬁé ciféuilt! TOr ftoosugph g and

from pass, ng & hhUsIgRoNe20.HS BRI LEnSMERET 34 c 1 1T om the gate GL fesets
the count grm 60Tand gns&esséweﬁuswobe whergad Qoﬁ? 1t Ras elthektédtﬁSSdm 1;1]:hteh -
T o er s st ST P o hitChand od n B ES V! PP 11°
When the flip- fdieqdeFanekhe)rMeseitmuitsTCQ,otnqoﬁhps-\ﬁlopH%Fﬂ would hw@' c 1
energi zos tio SR NER See, 3. Tho-Ta85 IF2 W TNV Penathed Veset? afllfhe
he has obt ai nedfh'ipclﬁ'&mmé?l’ .wouTthayleosenmn ined tseites TEMS wulidperydtinthe t he
speaker 44 to thgd G?@'ﬁbebas]szanother clock pulse and cause the logic 1 to
be shifted from stage 5 to stage 6. This causes a counter circuit
60 to produce a logic 1 at its output. Upon receipt of the next
20 clock pulse, the logic 1 is fed back from stage 6 to the feedback
input D in stage 1 of the shift reg1ster SR1. Upon rece1pt of
further clock pulses, the sequence described above and starting
at stage 1 is repeated. If, when the logic 1 reaches stage 5,
a busy tone is heard from the repeater, then the flip-flop FF2
25 becomes set and the flip-flop FF1 becomes reset to provide the
' operator an indication that he has acquired a channel. He should
take his microphone 42 off-hook before the timer T2 (if used) times
out and resets. However, if the busy tone is not heard at stage 5
in this second sequence, ‘the Togic 1 'is shifted to stage 6 which,
30 along with the logic 1 present in the counter 60 causes the AND
gate G24 to produce a logic 1 that is passed by the OR gate G20
to reset the shift register SR1. For the times given above
(17 stages in the shift reg1ster SR1 and 60 milliseconds between
pulses), the total time required for two comp]ete sequences through

35  the shift register SR1 is approximately two seconds. The logic 1



35 and connect the microphone 42, and the push-to-tal k button 43 through
the gate-Gl4 to the transmtter 11. If the operator renoves his

m cRphhone 42 fromthe switch 45 before the tinmer T2 (if used) tines out, a _
posiX\iWg voltage or logic 1 is applied through the off-hook contact to
inhibitthe timer T2 so that its [err] ogtput remains at a logic 0 and the W/
flip-flop. FF2 remains set. Wth t he =52 flip-flop FF2 held in the set -
condition, its Qoutput of a logic 1 insures that the gate & produces a
logic O so that the clock pul ses cannot be applied-to the search generator
13, and caus@romhthegaie|624hisl passedidly the 98 galtescBll. GEatth the nadocke

oper ator de € | $hd - | rpgluceps passes

10 t hr ougﬁ{@;&lg %?d?'ggt['g%%g;{: '?‘ gbzgﬁes'gg{‘%g%t gh:% s%??%ﬂu?? h%& OF o%sj'up?ﬁy busy
tone to the GRWSES cthe: shtfh register SR2, tehifs b the nexdvstagecard setogic 1

was in stagegffe efanisiitedy ahd eesver fPRjuenct e dnbife nkRE Lopresgim@Inglet ect ed
by the decoder i woul d have 15

remai ned9set® af'ﬁ& '; Pﬁbé?qqgﬁﬁﬁéglﬁ%lﬂgsﬁa%%a Pﬁégljiosr%&ggi,]‘ Andthene
flip-flop FFskquentel gensreatoet? todgs ehroudh Shevseqdensy descrijbed giove 518 to
pass, another £ 88 ol bR, 0 biFod Eed V8 vhsrdl sTONY e 1 °0°.°
out put. Uporprodueepa bdogitchd wieich, 20ith theodbkgiaillsén stagel boifcthe ishified back
Upon reqer prregisel” SREF aRSEs M Anc el T80 brfducd e fols L odhEE o
startindOat kngdgel 1si passedeby dhe OR gadies: G2l heh7 &gi shiftrthecshiftregister a
busy tone i sspheqs Ckrer RERE 38adeNaAd Lorrddtnding ch ﬁrfé12'.°prrﬁgzsi?o'§'t becomes
set and the fli E_'fil op 5}% beco_rr%$] r_eslﬁa t.ohgr oyi de the operator an
i ndi cati on tRHUeREINGaSOMARUeS ABtE] ARaAKE] changelshs floynd Ale skage fi #8 ophone
1T The busy B e T g ¢
L s ani 1 e BEe S Bpoouichn FhrpuBh fta38s ok 1l aBne  TAE: 1OnGeSE d3Bh: i ¢ ne
count er 160 cmqaéred lfor AMD Galle séquences pthrdugte thel shiift #egilsser iSR1pfarsed by
the CR gate {{O0rivk Chaiiel1s s Wbt teR%edoRtis SRIr AP chbifer! {5PRouRlY N above
the timer T1 resets, and its Q output becdmeS'a logic 1. This
lTogic 1 resets the flip-flop FF1. to put the arrangement in the
receive or idle mode and extinguishes the wait lamp' 40 so that the
20 ' operator knows.he can initiate the call originate mode again.
If a channel is successfully acquired, the operator can
communicate. ~As mentioned earﬁer,_ because of the timer 35
provided at the repeater, it is necessary fof"a'buéy tone to be
received by the repeater during the timing interval in order to
25 retain acquisition of the channel. After the conversation or
communication is ended, the control is restored to the "search"
or "receive” mode by replacing the mi crophone on the _,hdok switch 45.
This causes a positive \iO]tage or a 109'ic 1 to be passed by the
" capacitor C5 through the OR gate Gl to reset the flip-flops FF1,
30 FF3, and passed by the capacitor C1 through the OR gate G16 to
reset the flip-flop FF2. Their Q outputs return to a Togic O.
The group tone decoder in the circuit TC2 is producing a logic 0
so that the AND gate G5 is also prddut:ing a 'Iogic 0. Hence, all
inputs to the NOR gate G2 are at a logic 0 so that the NOR gate
35 G2 produces a logic 1 to permit fast clock pulses from the generator
16 to be passed by the gate G6 to the search generator 13. In
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(17 stages in the shift register SRL and 60 nilliseconds between pul ses),
the total tine required for two conpl ete sequences through 35 t he ft
fegister SR1L is approximately two seconds. The logic 1 -22 - f ﬁ
gate G24 is passed by the OR gates (1, G7 to the clock input C of

shkft register SR2 in the search generatoz 13. This causes the shift
register SR2 to shift to the next stage a 8 set the transmtter and

reeei ver frequencies on the next corresponding 5 channel . The cl ock
pul ses cause the shift register SRl in the sequence generator 17 to go
through t he se&herRyenticther mohid esoparator meghectse ke hamgnyie (the snisepRPNes ed,

e ol ot hZ“‘EW“ﬁe*e*“%“V“ﬁéﬁﬁﬁ*égué@“f“i“ fRLEh H08 A% BA° L L
o 1 i o rpecevelhidt Mo nade, b odice! drop-tHa. beas tons GIBUSTE T | he
Sﬂlft regi SterTsR&ebpstileapwttoatmehgxlegﬂ tora ewtmd:c tlroughna &ipde Ti.s -
snor sequeC| 1 N S, untl an | | S oun In the
ShUTE Teauec! RlegUbE 45 kadhs v Rable ok 06 Bharget 58 Hoflc 31 30w, £ ¢
twice thr ough thegrimé twpastp-ltae'ealkaettmngésts depresséd. ibeyuithedrépeatemo
full sequences € S
about tgn secoﬁté'pésO:dEP c)amgh%tny ef:qugeg%gsttﬁ,d’tﬁ&#gfp?{ﬁn@rr #Iﬁggg{@ga@ :ts
[err] output bactegis @.| dpi invertanild praguces a dogic 1t whidh fip-passed A1 to
put the afra”%ﬁ?%té“sﬁd‘%&&%@t ﬂ"(eo"ﬂiﬁi'f?om Wr@f&ﬁd&%hé*ﬁ%ﬁu‘&et&’a't

| anp 40 so_that tH erat or knows can initiat originate
node agai n10]f the c‘rﬂﬂrfﬁq eI‘S HUscerevents 2 yeepifrem, aqcmeméwtr@mtmg |
communi cate. Agnr@ithaswedd earlier, because of the timer 35 prOV|ded at the

opeater V1S TSSRSRSk Limaf ke S o i 1f LG Pl R
channel . Aftethe rsmwurrmﬁstan SR2 crausesmapiid scannings urtidedn idie channeﬁ)l is
he hook syi t cns URHET TS DSBS ohR. SHRCPNIhER S, 0 do SBBhORETe O
passed by ihe seguencecsf causingoul_zﬁh transndrttenitto eand busysgroupwe andi p- f | ops
FFL," 30 FF3, safgholpStids o RB1 vatR2ERd Fepédterhamt'SPpidiiri St GRbP1&SLE to
stations. If the repeater is activated, an indication is provided
to alert the user that he has acquired a channel, and should
transmit within a predetermined time (15 seconds). If the repeater
20 is not activated, the shift register SR1 goes through its sequence
on the next channel, and so on through each channel until a channel
js acquired, or until all channels have been sequenced. If no
channel is acquired, the user can start the entire sequence over
again and again. | ' '
25 % It will thus be seen that a new and improved control circuit
and methad are provided for enabling:an-operator of a transmitter
and receiver to readi]y'and'quickly acquire a radio frequency
chanmnel from a plurality of such channels for transmitting, or to
be called on an available channel. The control arrangment is
30 relatively simple, and does not require extensive or complex
circuits. While only one embodiment of the invention has been
“shown, persons skilled in the art will appreciate the many
modifications that may be made. For example, a 5 channel system
is shown, but there may be almost any number of channels and
35 repeaters. However, good trunking practice limits the channels to



reset the flip-flop FF2. Their Q outputs return to a logic 0. The group
& oder inthe circuit TC2 is producing a logic O so that the AND gate
Gb |s' o producing a logic 0. Hence, all inputs to the NOR gate & are at ,
a Iog| ) so that the NOR gate 35 & produces a logic 1 to permt fast -~
cl ock .pll ses fromthe generator 16 to be passed by the gate G6 to the o/
search generator 13. In -23- the ®¥nt the nobile operator neglects to -
hang up the m crophone 42 after a conversatlon has ended and return his

y tone cirucit

radio to the "re " |c1fromthe
"o Reeps. nabaliaght o EReraR: Lalcl BEEui B A SORIRNGS AN 109 ALK TS & A
resihsz ort GkaﬁQ:{mSutéd% sa¢@ist Qrm@‘ﬁgmlw Tcﬁrariltoglmﬂgfﬁlﬂfduﬁgc*{r*mﬂ% rTE t he
us O-1a S e, e er | ou an us
Pone ends) . iy dave afiesh rarb BET3R rinlag el Bady BEREFIBH Japte ihy "
produces a kbhegishift wegdsters Sﬁhsm\ddtmmmugagecmmts TlgsEd. tMhe f | i p flop
FF2 and g et t t I e a user
from accgl dequilﬁ?rs afd %Qﬂﬁféys {"?P' JDQ P]n a'?ﬁlbéj & WP]summrpA%&h hset he syst'em
isin the' timﬁetmayrrbqeomttﬁed i disqoageetias B Qcoutput zm the gatai ng
until an idges GoreReY al aséroqndehemécma@%db%e%hhéé Ha%@! £t @guSRl to go

through its }? g cal;ence causi ng tra smtter_to send group,
and subgr oupTtdwes % "S‘Eﬂ'\/&f‘etflenés éé‘ﬁ' ?\'&Fe&pprﬁlﬁsﬁa@"@ H‘BET@"é

stations. bf ﬁmﬁfmeamr ekﬁecﬁ@htyadefpdndﬁ'@ Uﬁdh théi Rt u RIrovbmiRMi E&ian er t
as .ac 1 re

br edet el neendYHARS 1BVEHAR oo fr 8 RS tan. 1< doed romoradiaEion, dpteidargaden
the shift rehe dusy tRe wnedet tmidtgth dndsopergidon made dépendentt upbnnel , and
500n 1M OUGRBAER I A Shroh dar eSS fE BreRlrntdl L AL
the entire smjaheereseéveragagmalanansmapmdm a logic 1 tinwresponsesttbe seen
that a new gnshsy BayCand ¥1601c B Iff Hespdive 5! HHR0abddhca’ &¥ bﬂeg tone.
enabl i ng an ope ator o tter a receiver rea
acqui r el® r AWitdher reqgedyey or “1d1e" mode, the requ1rement for a busy tone
may be omitted from the AND gate G12 by connecting the switch
'S8 to logic 1 (+V), and may be omitted from the AND gate G5 by
connecting the switch S9 to logic 1 (+V). In the “call originate”
or "transmit" mode, the stage 1 of the shift register SR1 can be
20 omitted. The fast-siow gates G8, GQ,IGIO may be omitted, and the
clock generator 16 made to run at a single rate. While one group
circuit and two subgroup circuits have been shown, one of which
is selectable, additional subgroups may be provided to provide
further selection of the particular mobile units being called.
25 Or, less subgroup circuits may be provided so that a more general
or less select group of mobiles may be called. Or, group and
subgroup tones may be transmitted simultaneously rather than
sequentially, or may be frequency stepped functions of one
common encoder and decoder. The arrangement may also be used
30 directly between mobile stations without the use of the repeater.
Persons skilled in the art will also appreciate that with a
repeater transmitter frequency and a repeater receive frequency,
. only push-to-talk or simplex operation can be provided. However,
additional channels may be provided so that full duplex operation
35 can be provided. Again, this is a matter of preference and frequency
availability. While it is preferred that the busy'tone'frequency

qui ckly



channel, froma plurality of such channels for transmtting, or to be called
on an avail able channel. The control’” arrangnment is 30 relatively sinple,
and does not require extensive or conplex circuits. Wile only one -,
enbodi nent of the invention has been shown, persons skille din the ar @
apprem ate the many nodifications that gay be made. For exanple, a 5
-channel systemis shown, but there mi € al nost any nunber of channel s and
36« repeaters. However, good t runki ng practi ce limts the channel s to
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referrod t hat SHISHEESS 5855 shensoralhtaEion Ja el FofpbSRey, tesdace (o
a busy tone, afiores, While tﬁelinvemsmnba‘s tbeeh Ndesepibmdcwith refienencent 15 I'n
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o tted 1 L + APl FiarcBou b THCIS RO oBkeftoBl akiiigRtatifng )
and may be oni masecber nade whithowtDdeparsiwp ﬂngmcthenwtmrhgof Hhesivnvenhiao oro
logic | (+V). [ or "transmt" node, the stage 1 of
the shift regi s er Eﬁlﬁgh ﬁt%ratagﬁ?ited The fast-slow gates B, 9,
GlO may be omtted, and the clock generator 16 made to run at a single
rate. Wiile one group circuit- and two subgroup circuits have been shown,
one of which is selectable, additional subgroups nay be provided to provide
further selection of the particular nobile units being called. 25 o,

| ess subgroup circuits may be provided so that a nore general



3

or |less sel ect‘—gT’cTtTp‘-_o'rmT"b’iré—s may be called. O, gr'oup and subgroup tones

may be-transmtted sinul- atisl y rat her than sequentially, or may be

freq stﬁﬁ“u‘mu“um“hﬂgﬁﬂ!‘oone common encoder and decoder. The .
arrag nt Lo . directly between nobile stations wthout -
t he Use~0f the frepeater. Persons skilled T#0the art will also appreci ate

that with a repeater transmitter frequency and a repeater receive '

frequency, only push-to-talk or sinple agation can be provi ded. However,‘d'
addi ti onal channels may be provided so—-{-‘-%g-. +==f ul | dupl ex operation 35 can

be providedq. Again, this is a ter_of ference and frequency

avai | abi | i 3y.‘ Whi (A3 i‘%"l‘%”%?‘%?’éﬁ’é‘a"t ﬁSFaEESSE&% t°8ﬂ'8'“l”r’€(ﬂ(}e‘rﬁ‘§/ over o5 .
be above the di ency. r pgration, _t busy tone my be

al nmost anygdet?iér é%%‘%qb%nc%éd{l k%l\r’mgééfft ﬁg%%"?gﬁ‘paa : ’?&og‘r‘aﬁ“’t’brf‘é%‘?rmy be
al nost  any gdgglet f SRS Y €L, whih gl el i d_preferabl e that the
busy tone -ge atcog&f rstraquency _T}l‘.lst o%/er% ghggg’trsg\égmatteé'gflﬂncﬁnot

frequenci egomggqstil;@: t he group and subgroup tones be in the band of
transmtted voice frequencies. This presents no problem since the group
and subgroup toneg akfedrsANEdR 3Bk Dk Ys &N £ € PERLBIGRLIH 4 i

. established. There- fore, whil eﬁthe i%vention has been gescrnlsbéggivrsgjf%
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nodi fications may be nmade w thout departing fromthe spirit o

i nvention ehahnelst hnds depestWp tswid| Sédfining iB6reehOne ko a prAil
arrangenent for establishing communicati on over a two-frequency radio
channel bedegerminieid girosipatdigmaincore aweoofl safli ohahhedwsyh and anaat er,
sai d arrangenent conprising: a. neans for placing said first station in an
i dle arranging that said first station operates on said one

‘channel in response to said predetermined group signal;  and
b. meané.for alternatively placing said first
station in a call originate mode, for causing said first
receiver to scan the radio f{eqnency'éhannels and to stop
said scanning in resﬁgnse to the absence of a busy signal
on one of said channels, and for arranging that said first
station and said repeater operate on said one channel in

response to the absence of a busy signal thereon.

2. " An arrangement as claimed in claim 1 including means
for causing the first station when in the call originate
mode to transmit the busy signal for operating the repeater

on the one channel.

3. ~ An arrangement as claimed in claim 2 including
m;ans for causing the first station when in the call originate
mode to transmit the predetermined group signal to the

operated repeater, wherecby the operated repeater is caused



“erde,, for causing said first station to scan radio frequency channels and
to stop said scanning in response to a pre- deter[j mi jjgnal on one
_of said channels, and for arranging that said fi rgml mmﬂln) Jr at es. or1;
“said one channel in response to said pred&7ernined*grbup si*gnal ; ~and_'b
oeans for alternatively placing said first station in a call originate\
node, for causing said first receiver to scan the radi o frequency channel s

\ahd to stop Aisth YUY e "SEOR0EErhenblCgRBRRNGE gfla12 dliBasy ONal on

one of said channels, or ;arranging.that "said first station and said
repeat er opglalehds i ihPNe channel in response to the- absence of a busy

signal thereon. 2. An arrangenent as clained in claim1 including neans
~for causing the first station when in the call 'originate node to transmt
the busy signal for operating the repeater on the one channel. 3. An

arrangenent 43s cl aiAfehrfarigemén® afcéLdingdNeAnankobneakd hd lprdd r st
station when in the call originate node to transmt the predeterm ned group
signal to tkeddny alledn=pandhidingeca cbgarbh gpaezracdr doaaicausing aamsixil
to retransmt the predetermnmined group signal to said second station. 4.
An arr angenm@fitrsas atladiioed whemnin oseidfidhe mode ¢odbeg selqmemstialdiyudi ng a
search generator for causing.said first station when in said idle node to
be sequenti sicapnedarthmbugh napd splural Ltul ¢y rafiipadirearengye rhpnstdmel s
and for stopping said sequential scanni ng on the channel having at |east
one predeteﬁmgé" &tonping maid neqeentind fReRNiAREs ond the channglhat e
node for causing said first radio station to _be sequentially tuned through
sai d plural Peyise addileattatie Prede herringds grongnsienid dhpregny £nd
- sequential generator coupled to sajd search generator .and responsive to
sai'd statioNASBi AP 14716k a8 Ik - LF1RR RS BONBALOFoP B adBEN$ 3R d HTE1 radi o0
station to }L%Q%WU%a.TJ% to be sequentially tuned through said plurality
of radio channels having no busy signal thereon; and a
sequential generator coupled to said search generator and
responsive to said station being in said call originate
mode for causing said first radio station to transmit said
busy signal on said channel having no busy signal thereon,
for thereafter causing said first station to be receptive
to said channel, and for thereafter indicating that

communication is established in response to a predetermined

bignal received on said channel.

5. An arrangement as claimed in claim 3 wherein

the predetermined #ignal transmitted comprises a continuous
busy tone and an initial-grouﬁ tone, and wherein said
réceived predetermined signal indicative of established

communication domprises a continuous busy tone.



busy si gnal I ng no busy signal thereon, for thereafter
cau5|ng sald first station to be receptive to said channel and for

bt er - ﬂm umml“:ﬂmcommm cation_i.s establ i shed in response to a :
Rt A4 'ned ed on said chafimel . 5. An -arrangenent as o
X jn cl ai*fm 3-wherei & t he predeterni ned S|gnal transmtted conprises a™

cont i madus busy tone and an initial group tone, and wherein said received gJ
pr edet er mi ned si gna |nd|cat|ve of establighed c nlca on co es a
continuousqgusy t %ﬁﬁ Bt as °i§1$F§aﬁ§bﬁg L 7?&&Pn¥ % aim3

wh d t .' |
e P hnous e e i m foed - BaB YRR Ul c PR 488 % 2 |
establi shi @%nrﬁ%)mg@ Ly cé Agn&sﬂmt%asm adi;oy s,t%ta 4 hrough a radio

repeater to a secon station over ara annel” selected froma
plurality of such channels whi ch includes: a. pIaC|ng sald first radio
station in a call originate node and scanning said plurality of channels

until an i¢l,e channgle thdd10gd r oS ¥abl §8RInkS ra@dd! mmril QNEHYA NEro@i d

first station on said idle channel; b. transmtting at said flrst nDblle

radio stat aoma-dw&sa&wr\sad;awozsatﬂraaghOar 2082bC relpaiab| o St e & el O
repeater on said idle channel; c. transmtting at said first radio station

at |east ompadiloedyLyiomeasver oaxpz_-sagaal_:hhﬁnsal delladited ap@m @ on said idle
channel for retransm ssion by said radio repeater to enable said second
station; dpluraildtiyngf suchnichdmsylsi ghakbhodnsaudeisdl e channel at said
first radio station to determ ne whether said radio repeater is
transmtting sai dauswylsdging saidafiirstl vadlhianséhtion soamicrlkai d
plurality of channels at said

or1g1nate mode and scanning said plurality of channels until

an idle channel without busy signal is located, and enabling

said first station on said idle channel;

b. transmitting at said first mobile radio station
a busy signal to said radio repeater to enable said radio
repeater on said idle channel;

c. transmitting at said first radio station at least
one predetermined group signal to said radio repeatér on
said idle channel for retransmission by said radio repeater
to enable said second stationgyg

d. listening for said busy signal on said idle
channel at said first radio station to determine whether
said radio repeater is transmitting said busy signal on.
said idle channel;

e. 'scanning said plurality'of channels at said
second radio station in the idle mode until said
predetermined group signal is located and enabling said

second station on said channel having said predetermined

group signal; and
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second radi o-station in the idle node until sai d predeterm ned group W.
is |ocated and enabl i ng said second statlon on s avi ng s
predet ermi ned group signal and *=7T29- f. connunr" lﬂ a d flrst .¢|o
station with said second radio statlon_tgtgr_ough sar ater in

\Lesponse to said radio repeater transmtting said busy signal on said idle
channel . 8. A nethod as clainmed in claim7, including, in response to
\tthe failure of said radio repeater to transmt said busy signal on said
idle channel ; a. the témGALESIANZAGY Balyd Fdirs{ ivadistata thonfwsahd busy
signal to said radi o repeater to enable said radio repeater on said idle
channel ; b.sdie s$é6o6d1 palDS agaitdohy thaiothgh rsstidstrddion répeaterginup

si gnal to said radio repeater on_ said idle channel for retransm ssion by
sai d radi 0o regponhee to saill eadabdrs@@@mtrstimamittinecmd obudy said
first radio station on said idle channel to determ ne whether said radio
repeat er issigmmbnont sagdsidiebebangiednal on said idle channel; and d.
communi cation by said first radio station with said second radio station
through said radio repeater in response to said radio repeater transmtting

sai d busy signal, or resuming the scanning of sal d channels in response to
the failureéof said 'Faﬂbedréﬁealléﬁm%‘ trafddim shi diatksdingnatn oresrprase

“idle channel. 9. ratus for est abl i shing comruni cati radi o
frequency ctRnbae §%B§'c‘5ﬁtf’$l ppids radde, Flféifeh‘g?rel*rf’ vﬁ"t'?f"?'é"?gr i‘é gﬁs?he

aCCO"pa”y'rﬁkgn§¥“o§ said idle channel;

a. the transmission again by said first station of
said busy sighal to said radio repeatef to emble said-radio
repe#ter on said idle channel;

b. the transmission again by said.first station of
said group signal to said radio repeater on said idle
channel for retransmission by said radio repeater to enable
said second statidng

c. reception by said first radio station on said
idle channel to determine ﬁhether said radio repeater is
transmitting said buéy signal on said idle channel; and

d. communication by said first radio station with
said seéond radio station ;hrough said radio repeater in
response to said radio repeater transmitting said busy.
signal, or resuﬁing the scanning of said channels in |
response to the failure of said radio repeater to transmit

said busy signal on said idle channel.

9. Apparatus for establishing communication over a
radio frequency channel substantially as described herein

with reference to the accompanying drawings.



-30--10. A wethod for establishing radi 0 ‘eommuni p-at i on subst antiall y as.

descr | here| ence to the acconpanyi ng drawi ngs. The text of
the s [ catl m,w; epr oduced bg" ¥t ocopying the applicants
origi ypescri pte. contain a TéXamendnents which -are difficult
to read. The ori gi nal typescri pt containing these anendnents may be

I nspected on the prem ses of the Patent O fice _
10. A method for establishing radio communication

substantially as described herein with reference to the

accompanying drawings.

The text of the specification has been reproduced by photocopying the applicanta original
typescript. It oay contain a few amendments which are difficult to read. The. original
typescript containing these amendmenta mey be inapected on the premises of the Patent Office
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