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AN APPARATUS AND METHOD CF CONFI GURI NG A CORDLESS TELEPHONE FOR OPERATI'NG
4N A FREQUENCY HOPPI NG SYSTEM Background of the Invention 1. Techni cal
Field 5 Thi's invention relates to cordl ess tel ephones and, -nore
particularly, to a cordl ess tel ephone hﬁVlng a plurality of portable units
arranged for communicating with a base tnit in a frequency hoppi ng system .
2. Description of- the Prior Art Recent rulings pronul gated by the FCC:in

the utilizati oANAPPARXTUS ANBMETHODOF CONFIGURING ACCORDEESSNCY
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Wt h conventional cordless tel ephones. Frequency hopping systens spread

their energﬁ/ack &tﬂg’ln%ntﬂﬁpp' ng the center frequency of the :
transm ssi in accordance with a pseudo-randonly 15
generated |i st of corﬂM@hannel s. The result is a significantly
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- spectrunt frequency hoi | N ransrz&s/ |on t echni que enpl oyed by these

"tel ephones. Exanpl es &2&3&9&&5 dl ess tel ephones are described in
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produce improved cordless telephones which provide users much greater freedom
and mobility than is available with conventional cordless telephones. Frequency
hopping systems spread their energy by changing, or hopping the center frequency of
the transmission many times a second in accordance with a pseudo-randomly
15 generated list of communication channels. The result is a significantly higher signal
to noise ratio than may be achieved by conventlonal techniques such as amplitude
modulatlon that uses no bandwidth spreading.
~ These improved cordless telephones provide security naturally from an
eavesdropper listening in on a conversation s1mply because of the spread
20 spectrum/frequency hopping transmission technique employed by these telephones.
Examples of such improved cordless telephones are described in U.S. -
Patent 5,323,447 which issued to M. E. Gillis et al. on June 21, 1994 and U.S.
Patent 5,353,341 which issued to M. E. Gillis et al. on October 4, 1994. Although
these‘improved cordless telephones give users much more freedom and mobility than
25 conventional cordless telephones, they do not readlly permit communications

between multiple portable units and a single base unit and also between multlple ‘
portable units. As a result, each of multiple cordless telephone portable units are
unable to share a common telephone lme without havmg a respectlvely associated
base unit.

30 Summary of the In'vention'

- In accordance with the invention, a 'co_rdless telephone arranged for
operation in a frequency hopping system includes an arrangement which achieves
optimum utlllzatlon of multiple cordless telephone portable umts by penmttmg these
units to access a common base unit and also access each other. - -
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t hese i nproved cordl ess tel ephones give users nmuch nore freedom and
-mobility than 25  conventional cordl ess tel ephones, they do not readily
pernlt conmuni cati ons between nultiple portable units and a single base
~unit and al so between nultiple portablg units.. As a result, each of
nul tiple cordl ess tel ephone portable units are unable to share a common
t el ephone |ine without having a respectively associated base unit. 30
‘Summary of the. | nvématcordanae Mo firshaspedtiof the ineentiopetheipgrablg upiss atees s

t el ephone c@fn\'fl\igﬂﬂa%xf erﬁRﬁf@&h%Ha@e dnit ﬁﬂﬂttﬁﬂ%){cm&‘lﬂ&xa% tﬁgbh&C' udes ‘an
arrangenent I ch. achj eves timumutilization of nult ecor
_tel ephone ot pssBAQTadomly y;le%é‘m B PIUrgHtY §emmﬁnf@tl%cfa5ws§§val Sifbn base

unit and ahg @reqeae?moppm@ sQétbfra differenPstafting dhiaiell for@achibridiofahé i r st aspect
of the i_nvent abl.e units are c nf| ur ed eraj L on vvlththe
base unPt RO eﬁ‘c‘pﬂnﬁ‘t"mm%WWWQ“? %H?'Eag’éfs'é‘ﬁ ‘bﬁd’
fs;elegﬁte nfC r qrrpnedmingraafrequenei hoppmgxff aydteztblo?nthe Ipeﬁaiﬂe anitund baieltmm genthae Con :

y hoppi.n | e t 5
por tabl o e Bt SetpRicRRb phanne S%L%*eg%téﬁfg‘%ééﬁéaassﬁﬁf%ﬁ@@uﬁ.t aﬁd |
" the base Lpurtabthnnlr@raubseqnplmusg/ompimaglocfyequencydmm the portable unit and
base uni t_gener at e 1aaidibe SARTRARLGH spBt AV b Snuloh OMrirABdR, Ot

0 a

starting channel assrgne € unit tor subsequent use over the
radi o flecindicative ofitke starting channel for each portable unit and also a security code is

transmitted to each of the portable units from the base unit during a registration

process and on a predetermined communication channel at a radiated energy level

well below the level normally used for normal communications. Thus security of
- this information is assured. | | |

15. 'Bnef Description of the Drawmgg

' ' The invention and its mode of operation will be more clearly understood
from the followmg detalled descnptlon when read with the appended drawmg in
which:

FIG. 1 shows a cordless telephone base umt and multiple portable units

20 for communicating with the base unit;

FIG. 2 is a functional block representation of a cordless telephone base
unit and portable unit both operative in accordance with the principles of the present
invention; '

| FIG. 3 shows the protocol of the cordless telephone depicting the
25 speciﬁc processes executed by both the base unit and the multiple portable units in
performing a registration process of the portable units, in accordance with the |
principles of the present invention; '
FIG. 4 shows the protocol of the cordless telephone deplctmg the
~ specific processes executed by both a first portable unit and a second portable unit in
30 - establishing communications with each other, in accordance with the pnncxples of
 the present mventlon, _
_ FIG. 5 shows a first and second portable unit arranged to communicate
with each ot_her_,.m accordance with the principles of the invention;
FIG. 6 shows a timing diagram for 'illustrating- the operation of the base
35 unit in the cordless telephone system in providing an initializing signal for



I n accordance with a second aspect of the invention, information 10

i ndi cative of the starting channel ‘for each portable unit and also a
Security code is transmitted to each-of the portable units from the base
unit during a registration process and g)n a predeterm ned conmuni cation
channel at a radiated energy |evel welT“bBel ow the |evel normally used for
nor mal communi cati ons. Thus security of this information is assured. 15 -
Br: Ief bDescrdstabllnﬂﬁng)comhmnBaauﬁmﬁh Ihleeridneeﬁt}iecpluﬁli@l oft poruablainixk, i@per at i on
Wi e nore ¢ er st m hef | owi ng detailed description
when read \ﬂc??fd?ﬁc ‘i‘ﬁ*b@ﬁ&éﬁ’“ﬁ’?%ﬁﬁ@"?{? 'g‘ﬁmpfgf’G 1 shows a cordless

t el ephone base uni t FKad/ sdesupIﬂeumhartatbtmthempesatmdfdilemdlmsrtelephmmg with
the base u El f. a _cordl ess

t el ephone lr}i’a%hethﬁn 1rgd{31§1c ‘{ &%[g%lt%&ofogrﬂ{ae?a\%h%hg@& &gﬁcghwlth t he
princi pl &s sef-up M@thuhepmbh nnm.nn acgordancewith the priciples ofthetpoesent of t he :
cordless te hﬁqﬁ:@ rﬂfpl cting the 25 specific processes executed by both t he

base unit an | e portable units in Bperform ng a regqistration
process of the portEKI" ghewsa flqw chart pperatien ofitheeprgiess of t he
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2 Second psPRHEIE D ﬁs&%ﬁ&t&%ﬁrﬁ%ﬁwl&m@éﬂr@%ﬁ? id f BindRleh oby her
i N accotOlankepmsért mmtxpn; nci pl es of the present invention;
- Throughout the drawing, the same element when shown in more that
'one ﬁgure is designated by the same reference numeral. '
Detailed Description
Referring now to FIG. 1 of the drawing, there is shown a cordless

15 telephone base unit 10 which proVides access to a telephone central office (not
shown) over tip-ring lines 101-102, and multiple portable or handset units 20
' throu‘gh 40. Although ohly three handset units are shown and described herein, it is
to be undetstood that a greater or fewer number of handset units may be employed in
practicing the pr1nc1ples of this invention. .
20 © In accordance with the disclosed embodxment each of the handset
units 20 through 40 may securely access the base unit 10 and share a common
' te'lephone line through this base unit. Althcugh an RF link is shown as existing only
between base unit. 10 and handset unit 20, such RF link may be established between
~ the base unit and any of the handset units 20, 30 or 40. Thus, incoming telephone
25 calls received at the base unit 10 from the central office may be answered by a
- person at either of the handsets 20 through 40. Similarly, a user of either of the
handset units 20 through 40 may orlgmate a call to go over the tip-ring lines 101-102
to the central office.
Also, in accordance with the disclosed embodiment, each of the handset
30 units 20 through 40 may independently communicate with each other as well as the
base unit 10, as described in detail later herein. By way of example, handset 20 may
be communicating with handset 30 while handset unit 40 is communicating with the
baseunit10. . L | - |
. Referring next to FIG. 2 of the drawing, there is shown a general block
35 diagram of certain circuitry of the cordless telephone base unit 10 and of the cordless
telephone handset unit 20. With regard to the functional cor_uponents illustratively
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FIG 5 shows a-first and second portable unit arranged to comunicate with
each other, in accordance with the principles of the invention; FIG 6.
shows a ti mng diagramfor illustrating the operatlon of the base 35 unit
in the cordless tel ephone systemin proyiding an initializing signal for

-3 - establishing commnications with t#ther one of the plurality of
portable units, in accordance with the principles of the present invention;
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_ Report and Order in General Docket No. 89-354, this Report and Order being

10 adopted by the Federal Co_mmumcatlons Commission on June 14, 1990 and released

| on July 9, 1990. |

Included in the base unit 10 are a control unit 1 10, a clock 115 for
providing synchronization to: 1) the control unit 110, 2) a time domain duplexer
(TDD) 120 and 3) a combined digital-to-analog and analog-to-digital (D/A+A/D)

15 . converter 125. Also included in the base unit 10 is a radio frequency (RF).
transceiver 130, a signal strength monitor circuit 135, an antenna 140 and a
frequency synthesizer 150. A telephone circuit 160 in the base unit 10 connects this
unit to a central office or other appropﬁate switch through tip and ring lines 101
and 102. An interface unit and'diSplay 165 contains the switches and a viSual

20 display for configuring the base unit in its various modes for communicating with
one of more of the handset units 20 through 40. The transceiver 130 comprise both
an RF transmitter and an RF receiver. The transceiver 130 demodulates voice
signals transmitted by the handset unit 20 and couples these signals via the D/A
section of converter 125 to the telephone circuit 160. The.transceiver 130 also has as

25 its input speech and other control signals from the telephone circuit 160 which are

~ first coupled through the A/D section of converter 125 before being transmitted to
the handset unit 20 by this transceiver 130. The telephone circuit 160 serves as a
"plain old telephone service" (POTS) interface for signals on the tip-ring lines 101
“and 102 and for those signals received from the handset unit 20 by the RF

30 transceiver-130. Finally a power circuit 170 provides operating power for all of the
circuitry in the base unit 10. '

The control unit 110 advantageously provides a number of control
functions and may be implemented through the use of a microcomputer containing
read-only-memory (ROM), random-access-memory (RAM) and through use of the |

- 35 proper coding. Such a microcomputer is known in the art and is readily available
from semiconductor manufacturers such as Motorola, Signetics, Intel and AMD. For



-~
-

shown) over tip ring lines 101-102, and multiple portable or handset units
20 through 40. Although-only three handset units are shown and descri bed
herein, it is to be understood that a greater or fewer nunber of handset
units may be enployed in practicing theﬁgnlnC|ples of this invention. 20 .
I n accordance with the discl osed enbodi- each of the handset units 20

t hrough 40 may securely access the base unit 10 and share a commpn
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In accordance with the illustrative disclosed embodlment described

herein, four pseudo-random data lists are generated. The first generated list is for the
~_ base unit 10 and has a group of 173 data values which correspond to a first set of |
15 173 random channels. The second generated list is for handset unit 20 having a
second group of 52 data values which correspond to a second set of 52 random
channels. The third generated list is for handset unit 30 having a third group of
52 data values which correspond to a third set of 52 random channels. And a fourth
generated list is for handset unit 40 having a fourth group of 52 data values which
20 correspond to a fourth set of 52 random channels. All channels are selected from
173 possible channels available in the 902-928 MHz frequency band. The first set of
173 random channels is used by the base unit 10 for establishing communications
with one of the three handset units. These channels are selected during a frequency
hopping cycle executed in ‘accordance with the Federal Communication
25 Commission’s General Docket No. 89-354. The second, third and fourth sets of
52 random channels are respectively used during a frequency hopping cycle executed
by an associated handset also in accordance with the Federal Communication
Commission’s General Docket No. 89-354. Two of the 52 random channels,
channels 51 and 52 selected for each handset, are used during an 1n1t1ahzat10n
" 30 process described in detail later herein.
The control unit 110 also generates yet another set of data values from a
. random number seed This set of data values, typically 10, corresponds to a set of 10
random channels. These channels also are part of the 173 channels available in the
R 902-928 MHz frequency band. If interference is detected by the base unit or the
35  handset unit with which it is communicating on any one of the se_cond, third or
fourth set of channels in a frequency hopping cycle, the affected unit initiates a



-4- described in handset unit 20, handset units 30 and 40 incorporate these
sanme conponents and are operationally identical. Both base unit 10 and
handset unit 20 are operable over a plurality of conmunication channels in
a frequency hoppi ng system 5 A general -overvi ew of spread

spect rum t echnol ogy i ncludi ng frequency -léeppi ng systenms is provided by R

C. Dixon, Spread Spectrum Systens, New York: John Wley & Sons, 1984. The

specific requir ' r.equenc | tem in, vl this
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transcei ver pse@dc-canloindy gbuxrated data list from the control unit 110 is provided to the
TDD where it is std__red therein. The TDD 120, in turn, controls the frequehcies
selected in the frequency hopping cycle of the base unit 10 by inputting intothe
~ frequency synthesizer 150 at the appropriate time the values stored in the data list
15 generated by the control unit 110. The TDD 120 also refreshes the frequency
- synthesizer 150 as the synthesizer progresses tho_ugh the frequency hopping cycle.
| In order for the base unit 10 to achieve effective coverage throughout its
operating ra’ﬁge,l the signal strength monitor circuit 135 continually monitors the
‘strength of the received signal from the handset unit 20 during bngoing '

20 communications with th_é handset unit 20. This signal strength monitor circuit 135
may be, for example, a received signal strength indicator (RSSI) circuit. This RSSI
circuit produces an output voltage that is proportional to the strength of the received
signal from the handset unit 20. ' : .

' Responsive to the strength of the received signal from the handset
25 unit 20, as determined by the signal strength monitor circuit 135, the control unit 1 10
regulates the amount of power transmitted by the transmitter in the RF
transceiver 130 to the handset unit 20. Thus, when the handset unit 20 is in close
proximity to the base unit 10, the level of power radiated by the RF transceiver 130
is reduced to a hﬁnimum acceptable level. And when the handset unit 20 is
30 determined to be located near the fringe of the telephone’s operating range, the level
of power radiated by RF transceiver 130 is increased to its maximum permitted
level. _.' o
o Referrin'g next to the handset unit 20, components in this unit include a
control unit 210, a waice-lip timer 212 and a clock 215 for providing synchronization
35 to: 1) the control unit 210, 2) a time domain duplexef (TDD) 220 and 3) a combined
digital-to—analog and a‘nalog-td-digital (D/A+A/D) converter 225. Also included in
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an RF transmtter and an RF receiver. The transceiver 130 denodul-at es voi ce

signals transmitted by the handset unit 20 and couples these signals via

the D/ A section of converter 125 to the tel ephone circuit 160. The

transcei ver 130 also has.as 25 its input speech and other control signals

fromthe tel ephone circuit 160 which are-first coupled through the AAD -

tSﬁCtlon of converter 125 before being transnmtted to the handset unit 20 by
s transc
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random access- nenor t hr oug r codi ng.
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i s usabl e d@“é%ﬁﬁi‘ﬁ%lz s battery s charge b%ﬂl?d’éweﬁfwg}ﬁﬂg A& e di vi si on

dupl exer sujohtiet mitdrfice (fidt sﬁéwﬂﬂarﬂlad)when thediahdsek anit 20 is pla&d in a mating
Mrer oel ?Bt craAle %f gi%he? ?hé[ base ?JJR 10 or ar? auXiliary base unit cradle which has no
communication capability. A charge contact interface usable between base unit 10
and handset unit 20 is described in U.S. Patent 5,323,447 which issued to M.E.
Gillis et al. on June 21, 1994. As earlier indicated berein, handset units 30 and 40
contain the same components that are in handset unit 20 and are operatlonally
15 identical.

The transceiver 230 comprises both an RF transmitter and an RF
receiver. This transceiver 230 demodulates voice signals transmitted by the base
unit 10 and c‘:'ouplés these signals via the D/A section of converter 225, a hybrid 283,
* and an amplifier 285 on to a loudspeaker 281. The transceiver 230 also has as its
20 input analog speech sig’t;als from a microphone 282 which it transmits to the base _
unit 10. These analog speech signals are coupled to the transceiver via an |
amplifier 284, the hybrid 283 and the A/D section of convefter 225. This converter -
- converts the analog signal to a digital signal which is then provided to the RF
transceiver 230. The signal strength monitor 235 monitors the received signal level
25 from the base unit 10 and accordingly varies the level of the output power radiated
~ by the RF transceiver 230 in proportion to this received signal level.
Any communications between the base unit 10 and the handset unit 20
must be accompanied by a security code then shared between them. During the
establishing of initial communications between the handset unit 20 and the base
30 unit 10 initiated by the base unit 10, the control unit 210 must be able to make a
. favorable comparison of the received security code data with its stored security code
data. Similarly, a favorable comparison of the data from the two security codes also
must be made by control umt 110 in order for the base unit 10 to respond to a call
set-up request from a handset unit. Like the control unit 110, the control unit 210
35 -may be implemented through the use of a microcomputer containing ROM, RAM
and through use of the proper coding. Such a microcoinput'e_r is known in the art and



5. The control unit 110 generates and stores security code data
and al so generates pseudo-random seeds from whi ch pseudo-randomdata lists
are generated. Assenbly language code for generating such a list in the .
6805C4 mi croconputer is provided in Appendix 1. It is to be understood that

random data lists al so may be generat Ed_lsrl a pseudo-random nmanner in
accordance wth the teaching.of -S. W 10~ Golonb in Digital Conmunications
Wth Space Applications (New Jersey: Prentice-Hall 1964) pp. 7-15. In
accor dance wistreadilycaviailable from sengicolidicton segutactyoets such asdMotorolacSigheticsi n,

f our pseudo- §aLQ¢ A k1Sl e, ' t ist is |
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frequency hoisgh itljs sapiteriag swdee in peweringdoyethg hapdsehwait 29, the eential -
accordance Wykifo {dRirhERRIE SPHIR RbctPio sitp and signals the TDD 220 also to turn
| off while in the powered down state. Before turning off, the TDD 220 activates
15 wakellip timer 212, which cdmprise_s, for example a one-shot-monostable-
multivibrator, and turns off all other clock-driven circuitry in the handset unit 20.
After approximately 360 milliseconds, the handset unit 20 is powered up into a
minimum p&wer operating state for 40 milliseconds. This change of state is initiated
by a pulse provided to the TDD 220 from wake-up timer 212 at the end of the 360
20 milliseconds. The TDD 220 is enabled thereby and, in turn, turns on the control
unit 210, the clock 215 and the receiver portion of the transceiver 230 for
determining'if an RF signal is being transmitted from the base unit 10 or if a key has
been pushed on the keypad in the interface unit and display 265. If neither of these
“has occurred, the control unit 210 again turns off power to itself and to the TDD 220,
25 and the cycle is repeated. This low power monitoring mode continues as long as an
RF signal is not received from the base unit 10 or a key has not béen pushed on the
| , When an RF signal is received from a base unit, this signal is coupled to
the control unit 210 which looks for an initialization synchronization (sync) pattern’
30 in the signal within the 40 milliseconds that the handset unit is powered ﬁp to its
minimum power operating state. If the received initialization sync pattern does not
 contain the .secufity code that is recognized by the handset unit, the control unit 210
turns off power to'itself and to the TDD 220.. If the initialization sync pattern does
contains the security cod_é that is recognized by the handset unit, however, the
- 35 control unit 210 causes the low power mohitorihg mode to be overridden. In so
“doing, the control unit 210 continues to enable the TDD 220 beyond its normal ON



Commi ssion's Ceneral Docket No. 89-354. Two of the 52 random channels,
channel s 51 and 52 selected for -each handset, are used during an
initialization 30 process described in detai | |-ater herein. The control
unit 110 al so generates yet another set of data values from a random nunber
seed. This set. of data values, typicallyglO, corresponds to a set of 10
random channel s. These channels al so are part of the 173 channels avail able

in the 902-928 Mz frequency, band. I f interference is, detected t he base
unit or the BEehRAEsEto exablishsynehggmization withsth e&mgnai aﬁmage@nveéréo |
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The contr.ol unlt 10 contro S_an ures t :

10 units 20 through 40 must be provided with a security code from the base unit 10 -

. during the registration process in order for subsequent radio frequency -
‘communications to take place bet_ween the base unit and a handset or between

handsets.

_ If '_o'nly one handset unit is to be used in_cohjunction with the base
15 unit 10, no menual registration by the user for the single handset is necessary. The
handset unit and the Base unit are both shipped from the factory in a default mode
wherein a common default security code and a default channel are employed by both
of these umts Also while in this mode, the transmltted power level from both the
base unit and the handset unit are reduced to and prov1ded at a low power level
© 20 below the normal operatmg power level. When the telephone is removed from its
B shipping carton, typxcally the user installs a battery in the handset and cradles the
‘handset unit in the base unit for c_hairging this battery. After the battery has been
charged for a suitable time, the user removes the handset unit and goes off-hook
either in the phone or the intercom mode. ) '
- 25  When the user goes off-hook at the handset unit, the cordless telephone
a recognizes that it is in the default mode and autematically transfers both the security
code data and the starting channel data from the base unit to the handset unit, while
operating at the low power level The security code data is generated in the base unit
in accordance with the teachings of United States Patent 4,736,404 which issued to
30 R.E. Anglikowski et al. on April 5, 1988. The starting channel data is a pseudo-
random number seed. This seed, used for generating the starting channel and also
* random subsequent channels, is generated by the control unit in the base unitin
accordance w1th the assembly language code prov1ded in Appendix 1. The handset
~ unit automatically acknowledges to the base unit when it has received the security
35 code data and the starting channel data. Once this data has been received and
acknowledged, both the base unit and the handset unit begin frequency hopping in



pseudo-random y generated data list fromthe control unit 110 is provided
tosthe TDD where it is stored therein.. The TDD 120, in turn, controls the
frequencies selected in the frequency hopplng cycle of the base unit 10 by
i nputting into the frequency syntheS|zer 150 at the appropriate tinme the
val ues stored in the data list 15 -genecraped by the control unit 110. The"
TDD 120 al so refreshes the frequency synthesizer 150 as the synthesizer
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process for multiple handset units requires the user to activate a sequence of buttons

p-

in the user interface and dxsplay 265, shown in FIG. 2, at each handset unit after
15 initiating the registration state at the base unit 10. During this registration process,
the base unit 10 transfers common security code data, and also a pseudo-;random
seed assigned to each handset unit that is registered, to all of the multiple handset
units that aré registered in the system. The protocol begins at step 301 where
registration is initiated at the base unit 10 by actuating a dedicated registration
- 20 switch which is a part of the interface unit and display 165, shown in FIG. 2. This
switch is typically located on the rear of the base unit 10 and is protected from
inadvertent activation by eithef recessing, providing a protective collar around the
switch, or other similar measures. Instructions on the fegistration procedure are
easily provided either in a pull-out drawer on the bottom of the base unit 10 or on a
25 stlck-on Iabel affixed to the base unit. |
Before beginning registration, the base unit and all handset units in the
cordless telephone must be in a standby state (i.e., no phone call or intercom call is
being initiated or in progress). For registration, the base unit and all handset units go
'~ to a predetermined regiétration communication channel where the handset units are
30 then configured for specxﬁc operation with the base unit. This registration
- communication channel is typlcally selected at the time of manufacture so that
subsequently manufactured and purchased handset _umts for use within a system will
be easily configurable by a user. ' a
_ To initiate the registration process, a user presses and holds the
- 35 registration switch or button at the base as in step 301 (for about two seconds) until a
burst of tone sounds indicating that the base unit is ready to register handset units.
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control unit 210, a wake-up timer 212 and a clock 215 for providing
synchroni zation 35 to: 1) the control unit 210, 2) a tinme donain dupl exer
(TDD) 220 and 3) a conbined digital-to-anal og and anal og-t o- dlgltal [err]
converter 225. Also included in -7 - the handset uni't 20 are an RF -
transceiver 230, a signal strength monitlor circuit 235, an antenna 240 and
-a frequency synthesizer 250. A t el ephone’ circuits and keypad section- 260.
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operatiopal L .ident.,c transcei v. s.both an RF.
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different pseudo-random number seeds it needs to generate. A different seed is used
by the base unit and by each one of the plurality of handset units in generating a
starting channel for each one of these units. The base unit is then able to transmit
not only its number seed to each handset unit so that these handset units knows
15 which ¢hannel to monitor, but also-is able to transmit to each handset unit the
number seed of each of the other handset units to facilitate these handset units
communicating with each other, as explained in detail later herein.
From step 303, the process advances to decision 304. As reflected in
this decision, a user must pfess the # button on a handset unit he or she then wishes
20 to register with the base unit 10. If no action is taken, either at the base unit or at the
handset unit within, for example, 15 seconds after the base enters the registration
state, the registration state will time out, the base unit returns to the idle state, and
the handset units currently in use with the base will remain unaffected. This part of
the process is depicted by decision 305 and steps 306 and 307 If the registration
25 button is pressed during the registration process, it acts as a toggle for the base unit
to exit the registration state and return to the idle state.’ | '
After initiating the registration process and configuring the base unit 10
in the registration state, the user proceeds to register the multlple handset units.
Although only three handéet-units are shown and described, as indicated earlier
30 herein, a greater or lesser number may also be registeréd”in accordance with the
principles of this invention and such variation is anticipated. '
| At the first handset unit to be registered, the user presses the # button on
the dizilpad to prepare the handset unit to enter registration with the base unit. As
reflected in step 308, PHONE and INTERCOM LED:s in the handset unit flash at the
- 35 same rate as the base unit LEDs to indicate that the handset unit is on the registration
communication channel and reédy for registration. As indicated in decisions 309



receiver. This-transceiver 230 denodul ates voice signals transmtted by the
base unit 10 and coupl es .these signals via the D/ A section of converter
225, a hybrid 283, and an anplifier 285 on to a | oudspeaker 281. The
transceiver 230 also has as its 20 input anal og speech signals froma
m crophone 282 which it transmts to thelase unit 10. These anal og speech
signals are coupled to the transceiver via an anpl.ifier 284, the hybrid 283
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t hrough use depicted ipdegieion 308iand step(3d A and riso decisiop 31 8and step3ddn in the art
and If the user presses an invalid key at any time on the handset unit being

registered, that handset unit gives an error tone and aborts the registratioh state.

However, the base unit remains in its registration state waiting for a valid keypress

15 on any handset unit. If there is no valid keypress within 15 seconds, as in step 316,
for example, the base unit also exits the registration state, retaining only successful -
handset unit registrations. ' ' - '

" If a user is unsuccessful in registering any new handset units, the
| original handset units continue to work with the base unit. When a registration
20 session is initiated, any handset unit previously assoéiatgd (or fegistered) with th_e
base unit continues to work with the base unit until at least one handset unit is
. successfully registered during the new registration session.
When the registration state is exited by the base unit, the flashing base
unit LEDs are turned off, a distinct tone sounds at the base unit and the base returns
25 to the idle state: The registration state is exited when one of the following occurs:
1) the user has registered the indicated number "N" of handset units; 2)-the user
presses the registration button on the base unit (toggles off); 3) the user presses the
OFF button on the handéet unit; and 4) there is no valid button press during
: registration for, by way of example, 15 seconds. The handset units have non-volatile
30 memory so that handset registration is not lost when.a battery is depleted or during a
battery swap. _ | _ ' '
| . Once registration of the handset units with the base unit is completed,
each handset unit begins to monitor the broadcast channel of the base unit for a
signal frdm_ either the basé unit or any other handset unit attempting to establish
35 communications with another handset unit over this channel. The base unit, in turn,
begins to sequentially trionit_or each one of the channels respectively assigned to the



-8 - is readil y avai-l abl e from sem conduct or manufacturers such as

Mot orol a, Signetics, Intel and AVD. For exanple, a mcroconputer avail able
from Mdtorol-a as part number 6805C4 is usabl e as control unit 210. Atine
di vi si on dupl exer suitable for use as TDD 220 is available from AT&T

M croel ectronics as part nunber | OOODD. (5. ' Whil e the handset unit:
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m ni mum power operating“state for 40 I'Ii seconds. Thr's change of state is:
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~ During the registration procedure, each of the three illustrated registered
15 handset units is given an address of either 1, 2, or 3 (handset 1, handset 2, or

handset 3, for example). This assigned address allows a user to selectively page a

designated'_t_landse't unit in the system by pressing the INTCM button followed by the

handset address. While the designated handset unit is being signaled, the signaled

handset unit can answer by opening the intercom to the initiating handset unit.

20 -+ The protocol is entered at step 401 where a user at handset 1 may, for
exé_mple, want to send a page signal to handset 2. To begin the process, the user at
handset 1 presses the INTCM button and then 2 on the dialpad of handset 1, as
shown in decision 402. This sends a page signal to handset 2 via step 403 and
flashes the INTCM LEDs at both handset 1 and 2 for X seconds, where X is typically

25 15 seconds. If the INTCM button is pressed at handset 2 during the interval that the

- LED is flashing, the intercom connectior_i is opened between handset 1 and handset 2
(the initiating handset unit_ and the paged handset unit) as shown in step 405. If the
INTCM button is not pressed at the signaled handset unit (i.e., the paged handset unit
‘does not answer), the INTCM LEDs at both handset units go off when the interval-

30 times out and the handset units return to the standby state. The initiating handset
unit can also abort the intercom request as in step 406 by pressing the OFF button. If
a user at another (third) handset unit presses the INTCM button while a handset unit
is being paged, or after an intercom connection is already established, that handset
unit will get a four-beep busy tone and will be locked out from the intercom.



been pushed on the keypad in the interface unit and display 265. |f neither
of: these has occurred, the control unit 210 again turns off power to itself
and to the TDD 220, 25 and the cycle is repeated. This | ow power _
moni tori ng node continues as long as an RF signal is not received fromth
base unit 10 or a key has not been pushegy on the keypad. Wien an RF signal
I's received froma base unit, this signal is coupled to the control "unit
210 which looks for an initialization synchronization (sync attern 30 in
the signal within thé handsetunitsas glgopeh the ibisecom ogtbe basgimit i&bypower ed up:
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bot h t ur A0orfubsaquent pressnf she ENEGMebttoniat Sierhandsel usitwill send spage.signal to
' the base unit.. To close an intercom connection between two handset units, the user
at either handset unit presses the OFF button. o _
The base unit pages the handset units by providing a broadcast page to
all registered handset units when the PAGE button is pressed at the base unit. The
15 page signal is sent to all handset units and flashes the INTCM LEDs at the base unit
and the handset units for X seconds, _Where X is typically 15. Any handset unit can
answer the page signal and open the intercom connection to the base by pressing the
INTCM button while the INTCM LED on the handset unit is flashing. When the
- connection is opened to the base unit 10, the INTCM LEDs on the handset unit and
20 "t_he base unit go on steady. If another handset unit presses the INTCM button after
. the connection has already been established, that handset unit gets a four-beep busy
tone and is locked out from the intercom. If the INTCM button is not pressed at any -
of the signaled handset units (i.e., no handset unit answers the page), the INTCM

'LEDs at the base unit and the handset units go off when the interval times out and

25 the handset units all return to the standby state.

A telephone call received on one handset unit may be transferred to
another handset unit registered with the base unit. Because only one handset unit
can be on a call with the base unit at a time; the radio cothmunication link between
the answering handset unit and the base unit must be released before another handset

30 unit can establish the link and pick up the held call. W_henever' the radio |
communication link between the base unit and a handset unit is released, the base
unit returns to monitoring those channels used for respectively initiating
communications from the handset units to the base unit. A button on the handset
unit allows the user to place tl_ié call in a suspended state and release the link so that

35 another handset unit can connect to the call by pressing the PHONE button. The
original handset unit is also able to reestablish the link and reconnect to the



unit 10 by transmtting an RF signal to this unit. Wth reference to the
. registration process, this is the process that configures the handset units
20 through 40 for comunicating with the base unit 10 or the handset units . .
for comunicating with each other. Eacjg_of t he handset 10 wunits 20 through
40 nust be provided with a security code fromthe base unit 10 during the
regi stration progess i-n order for subsequent radio frequency communications
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t he securi %,é/ co et dat a %Bd t he.tsI atét IS%% 8?‘8\%‘) S%S‘raft a.fr Oort e base unit to
t he handsd€ hi#pdset Wit vhich transmits, i the s¢qop g AR The security code
data is gen®mndlliseconds bhehdwante fisyjuency. The handset unit operates in | o L
| | complementary fashion to the base unit in that it receives in the first half of each
15 frame and is reconfigured to transmit in the second half of each frame. This cyclic
frame transmission generates 80 frames in approximately 400 milliseconds with the
" base unit and handset unit both hopping to and transmitting and recéiving on each of
the 50 communication channels. '
Both the base unit and the handset unit may initiate a call to each other.
20 Channel 51 is the channel used for initiating communications from the handset unit
to the base unit. Ch'a_mnel 0 (zero) is the channel used for initiating communications
from the base unit to the handset unit. Each handset unit has its own assigned
channel 51 provided to it by the base unit at registration, as described later herein.
Thus, when the base unit 10 is initiating a call to the handset unit 20, the base unit
25 sends the initialization synchronization pattern on channel O for 400 milliseconds.
When. the handset unit is initiating a call to the base unit, the handset unit also sends
this same initialization synéhronization pattern but on channel 51 in time periods
“equal to the second part of each frame for 120 milliseconds. This synchfonization
pattern comprises a dotting sequence signal, followed by a security code, a barker_
30 code and a period in which no information is transmitted as _disc_:usSed later herein.
The dotting sequence signal is a series of ones and zeros that are -
provided for enabling the handset unit 20, and also the base unit 10, to align the _
phase of its receive clock with the phase of the clock providing the in_comirig signal.
When the phase of these clocks is aligned. the handset unit is then able to read in the
35 proper bit boundary the securi_iy code and barker code that follow the dotting' '
sequence signal. -



I n accordance with the teachings of United States Patent 4,736,404 which
I ssued to 30 R E. Anglikowski et al. on April 5, 1988. The starting
channel data i's a pseudo-. random nunber seed. This seed, used for: _
generating the starting channel and al so randon1subsequent channel s, is
generated by the control- unit in the bd8e unit in accordance with the
assenbl y | anguage code provided in Appendi x 1. The handset unit
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execut ed b&le l?-gcgepvetr r1]t(1a th%%séﬁds%? Iu}nt w1thatHe frame clock of the transmitter in the base
unit. This permits the handset unit 20 to reestablish frame sync or frame phase with
the base unit 10 after the handset unit has been turned off during its low power
monitoring mode of operation. When aligning with the handset unit 20, a frame
15 clock in the receiver of the base unit 10 must similarly be aligned with aframe clock -
* of the transmitter in the handset unit. | ' '
' After the base unit 10 transmits the securlty code and barker code in the
initialization sync pattern, no additional information is sent by the base unit in each
frame for a time period equal to 30 bits. A delay is provided in this time period for
20 certain internal processing to occur, including, for exam_ple, the reconfiguring of the |

frequency synthesizer 150 for receiving the initialization sync pattern from the
handset unit 20. . ' ' |
Once the alignment of the frame position of the handset unit receiver
~with the base unit trahénﬁtt_er has been achieved, synchronization for the handset unit
25 is established Similarly, the alignment of the frame position of the base unit
receiver with the handset unit transmitter also establishes synchromzatlon for the
base unit. _ : _ _
- Referring now to FIG. 6, there is shown the timing diagram for
illustrating the operation of the base unit 10 in the cordless telephone system in
30 prbviding an initializing signal for establishing 'co'mmuni(_:'atibns with either one of
the handset units 20, 30 or40. As earlier indicated herein, a handset unit may
simﬂarly operate in the manner of the base unit and also generate an initializing
signal. An initialization sync pattern from the base unit 10 is transmitted in frame
position 600. This initializing sync pattern is a broadcast 51gnal and provides a
35 means for the base unit to activate the handset units to a full ON operating condition
from the minimum power operating state. '



handsets 20 through 40 in performng the registration process. The
Tegistration process for nmultiple handset units requires the user to ’
activate a sequence of buttons in the user interface and display 265, shown
in FIG 2, at each handset unit after ﬁ initiating the registration state
at the base unit 10. During this registfation process, the base unit 10
transfers comon security code data, and al so a pseudo-random seed assi gned
'to each handset umWh@lhstterGl§anegp(mumgedlotmpmbdoﬁﬂ:eph@bmtdmmit(hefbagwset
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15 Once the base unit 10 moves to channel 1 in frame position 610, a-
number of processing steps in the base unit are performed. First, the receiver in
transceiver 130 in base unit 10 is configured to listen on the starting or set-up
channel for each handset unit in position 611 for approximately 35 milliseconds
o each. Thus, as illustrated in positions 612 through 614, the receiver shifts from
20 listening for dotting on the starting channel 51 assigned to handset 20, to listening
- for dotting on the starting channel 51 assigned to handset 30 to ﬁhdlly listening for
dotting on the starting channel 51 éssigne'd to handset 40. Next the transmitter in
transceiver 130 is configured for transmitting the dotting or initialization sync
pattern in the frame position 615. This time for this signal is approximately 85
25 milliseconds. Finally, in frame position 616, the opcode message, for example ring
or page, is sent to the handset unlts while on channel 1. If no response is received
from a handset unit while the base umt is on channel 1, the base unit moves on to

channel 2. The processmg steps executed on channel 1 are again executed on
channel 2. If no response is recelved from a handset on channel 2, the base unit

30. moves on to channel 3, and subsequent channels, repeating the same steps until it has
moved among all 173 channels. Then the process starts again and continues until a
handset unit respond or the ringing signal or paging signal is discontinued. Each of
the subsequent channels are identical to channel 1 in that the base unit first listens on

~ the set-up channels for each handset unit, send the mltlallzatlon sync pattern and
35 then send the opcode message on the channel



- 35 registration swtch or button at the base as in step 301 (for about two
seconds) until a burst of tone sounds indicating that the base unit is:

‘ready to register handset units. Bot h PHONE and .| NTERCOM | i ght emtting
di odes (LEDs) in the interface unit ang, display 165 on the base unit flash
in synchrony as in step 302 as long as*the base unit is in the registration.

‘state. While the base unit 10 is'in the registration state, the cordl ess
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Once a handset unit has responded to the base unit and the base unit has
detected this response and established synchronism with the handset unit,
communications between the base unit and the handset units are prov1ded in the
15 manner of United States Patent 5,353,341 whlch issued to M. E. Gillis on October 4,
1994. _ _
Referring nex'_t'to FIG. 7, there is shown in flow chart form the operation
- of the cordless telephone with the desired functionality including criterion for the
base unit in initiating a call set-up with the handset unit as shown in FIG. 6. The
20 functions provided by control unit 110 are advantageously determined by a process |
or program stored in read onty memory (not shown). The process is entered at
step 701 where the base unit transm_itter is idle and its receiver is monitoring each
set-up channel, channel 51, for each one of the handset units. Once aring is detected
or page button is pressed on the base unit, the process advances to step 703 where
25 the base unit sends a dotting signal for 400 milliseconds. In step 704 the base
unit 10 moves to channel 1. While on channel 1, the handset unit loads the handset’s
set-up channels for each of the handset units in steps 705, 706 and 707 while looking
for dotting on each of these channels. If a sync pattern is detected on one of the |
handset unit channels, the process advances to a synchronization processing routine
30 shown as step 709 and described in detail later herein with reference to FIG. 8.
. If a handset initialization sync pattem on its set-up channel is not
detected then the base unit sends dottmg to the handset units in step 710 and a ring
or page message in step 711. Next the base unit moves to channel 2 in step 712 and
the processing steps in steps 713, 714, 715, 718, 719 and decision 716 are executed,
35 these steps and the decision being essentially a repeat of the steps and decision



this decision,- a user must press the # button on a handset unit he or she
then wishes 20 to register wwth the base unit 10. If no action is taken,
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umtalthd}ugg@tpd imframe position 610, a number of processmg steps in this handset
unit are performed. _
Since the handset unit 20 is attempting to communicate with handset

- unit 30, the handset unit 20 sends a selective page opcode message to handset unit 30

15

20

25

30

and only listens to the set-up channel des1gnated for this handset unit. In this regard
it is different from the base unit 10 which sends a broadcast page opcode message
and listens to each one of the set-up channels for each handset unit. Otherwise the
processing steps in the handset unit for this frame pos1t10n is identical to that of the
base unit where an mltlahzatlon sync pattern and the opcode message are also sent

_on.this and any necessary subsequent channels.

Once the two handset units establish a radlo frequency link, the hoppmg
list that they use is generated from the channel that was used to synchronize on by
these handset units. Thus, in this example, handset unit 20 and handset unit 30 use
the set-up chann_el and communication channels assigned to handset unit 30. These
communication channels are loaded into both TDD circuits in these handset units
and accessed at the SMS hopping rate. When one of the 50 channels loaded into the
TDD is found to be unusable due to interference, etc;_, it is replaced with the next
channel generated from a pse'udo-random seed, as earlier described herein or
generated by the pseudo-random generator as described in United States Patent
5,323,447 which issued to M. E. Gillis et al. on June 21, 1994.

' While a base unit and handset unit are communicating with each other,

' oCcasibnally, it is desirable to be able to switch the call ébrriing through the base unit

35

to another handset unit. In order to communication with another handset unit, the
initial handset unit must discontinue the communications link it has with the base
unit. In order to accorhplish such transfer, the user presses a transfer key on the
handset unit which activates a message transmission from the handset unit to the



establish a communications link with the base unit and also a nunber key
'such as the 1 button (represented by handset nunber 20, for exanple) on the
dlalpad to reglster t he handset unit address. The handset unit then gives a
"happy tone” and the 5 PHONE and | NTE LEDs go off to confirmthat this
handset unit has been successfully reg? tered. The user may continue to
.register the remai nder of the handset units by pressing #, PHONE, 2, for
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handset units communicating with each other move away from the broadcast

15 channels once a telecommunication link has been established between them, the base |
. unit and the remaining handset unit may advantageously then use the broadcast -
channels to establish another communication lmk between 1tself and the remalmng
free handset unit. o
Refernng next to FIG. 8, there is shown a flow chart lllustratmg the
20 operation of the cordless telephone with the desired functlonalxty including criterion
- for the base unit in establishing synchronization with a handset unit. The functions
provided by control unit 110 are advahtageously determined by a process or program
. stored in read only memory (not shown). The process is entered at step 801 where
the base unit transmitter is turned on and the initialization sync pattern is transmitted
25 on channel 51 for 400 milliseconds. From step 801, the process. advances to step 802
wherein the base transceiver (transmitter and receiver) is tuned to channel 52. The
transmitter again transmits the initialization sync pattern on this channel and the
receiver begins to monitor this channel for receipt of the initialization sync pattern
. expected to be provided by the handset unit on this channel.
30, From step 802, the process advances to step 803 where a 400
~ millisecond timer is started. The process then advances to decision 804 where a
determination is made as to whether the handset unit is sending the initialization
sync pattern as expected on channel 52. If this sync pattern is not being received, the
process advances to the decision 805 where a determination is made as to whether
35 the 400 millisecond timer has expired. If this timer has expired, the attempt to
establish communications with the handset unit is terminated and the process returns



25 tothe idle state. The registration state is exited when one of the
foll owi ng occurs: 1) the user has registered the indicated nunber "N' of
-handset units; 2) the user presses the registration button on the base unit
(toggl es. off); 3) ‘the user presses the F button on the handset unit; and
4) there i.'s no valid button press durlﬁ “registration for, by way of

exanpl e, 15 seconds.” The handset units have non-volatile 30 nenory so that
“handset r ety the stepi7Oi in FIGOT wheetit agaim monitetsichannel §1dHithetiadr has wbtr i ng a
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" whether BIG SYNC has been established. When BIG SYNC is established, the

‘process advances to step 808 where the base unit stops sendmg its initialization sync

pattern, sends a message to the handset unit to cause it to also stop sending its sync
pattern. The base unit also sends the hop message to the handset unit in this step and

15 ‘begins its countdown to the time at which the frequency hopping sequence is to start.
Once the countdown sequence ends, the call setup routme is exited and the process
enters the base hop routme :



any one of the handset units is able to send a general or broadcast page
signal which will be received by each one of the other handset units in the.
system 10 ‘Referring next to FIG 4, there is ¢
of the cordl ess tel ephone systemwhere g -first handset un
a second handset unit ‘and the second hdffdset unit is able-
answer the intercomcall fromthe first handset unit. During the
registration procedur e, each of t WPPENBEXIONESt rated regi stered 15
handset units is given an address of either 1, 2, or 3 (handset 1, handset
. 2, or handset 3, for exanple). This assigned address allows a user to
seIective]y-page a desi gnated handset unit in the system by pressing the

| NTCM buj teane k@l pwade by £ 2 shandsal « ad0F 285 x Vil £x4hex dasi 9Rated handsel« » « »
unit i s being S|Enal ed the signal ed handset unit can answer by opening the

i nterconfto theGENLLISK i ng h&ieaemte apaximad ¢ength pseudorandomn distefot ocol i s
entered at step 401 where a gﬁﬁ{negt handset 1 may, for exanple, want to
send p i ds t, in e roce t he user. at hands :
1 pre ,{2‘9 *QWI%K/I ’Ptg%n gnd”fﬁ geq T%rel d?é’fl** SF* KaATdE & 1 * *é"s*’é * A
i n deci s*on 402 This sends a page signal to handset 2 Vi apQRp 403 and
flashes fhe INTCM LEDs at both handset 1 and 2 for X seconds, where X is
typically 25 15 seconds. If the INTCM button is pressed at Wandset 2 -
during the interval that the LED is flashing, the intercomramnnection is
opened bgt ween handse t 2 (the initiating handset unit and the
paged handset unit) agﬁqﬁgﬂ%@ﬁ&gé«gp 405. If the INTCM button is not : -
presd@d &t the signal ed handset unit (i.e., the paged handsquatesit does not
answer),xthe | NTCM LE? SRt both h@gﬁiset urgggs go off when the interval 30
ti.mes out and_the handset unlts return to the standby state. The initiating
handset 8&et_see '
P

 lda  ACLR " Gather 8 bits,
15 : sta rah_seed - ' - Start at one.
_ s .
gen_list
lda ran_speed- | 5
brclr  O,ran_seed,gen 1 1
20 = La -
eor  #MSK
.~ bra gen;l_z
gen_1_1
Isra
25 gen 12
sta ran_seed
sta rand_num
gen_1 3 -
lda  rand_num
30 cmp #MAX_FREQ
' ‘bhi gen list . . ;Branchif Acca> memory. OK
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- the | NTCM butt.on,and does not. ke

button. If a user thll’d) handset unit presses re ‘
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al ready estab shamdset un|t will get a four-bdpp buREPLAGEDand |
will be I ocked out fromthe intercom - 14- ‘A handset ‘e &S0 open
the intercomto the base unit 10 by addressi ng the base unit in the sane

way - thgtCWndset unit is. addressed. This protocol .is shown in steps 410,
412 and 414, and decisi ons 411 and_413. ase..uni.t al ways has an address:-
of 0 (zero). Civ AR ATEEement cynmrwstarﬂ @i%"‘mﬁ“flset ynits (\g)ggperﬁpgg ¥k ¢ he

| NTCM buf b8 uandntaffmqu&l@rhdpbmgcbyaieﬂ@me Yake dnit'aied thethaAdseaimiiset unit presses
address..w t.hi n %Eeconds where X

'S typi CRMGURISating Qver 2R, gt Of & Plgay R cdmmnpisaioh chmRIE- B ATRtESiaghas ot
uni t &nccdnfiprisigee unit. The INTCM LEDs at the initiating handset unit and

opened to the badiedihin e bals HiFHE Bedlofhacnik Stecabl adh BCARERTBE T 17" e
handset aomirumicitionsehatnels pdifferentgexting chanhel foreachionetof IheTpiumllt;sef handset .

t . .00 - ' .
i " o SrBRIOES HaRleP BABRR G IRALRRimitbdifons bR 4 Bise IncbE R st
provi di rﬁyamngﬂbmbst page to all registered handset uni ts when t he PAGE

buttqp is presseghdhs inRe Basturit¥ok uaiérarﬂag to Badfond! o AR plhﬁtlx%ﬁ@lthénﬂsél !
handset units, and flashes the | NT Ii tthe base, uni t
units said starting channels for each of the p urahty of handset units; and

means in the base unit and each of the plurality of handset units for generating

subseqﬁent communication channels from each starting channel, each handset unit
generating a set of subsequent communication channels from its selected starting channel for

15 use by said handset unit in commuhicating with the base unit over a radio frequency link
during a frequéncy hopping cycle. .

2. The. arrangement of claim 1 further mcludmg
means for conﬁgurmg both the base unit and the plurahty of handset units on a
predetermined channel for registering each one of the plurality of handset units for operation
20 with the base unit; |
means for reducing the transmltted power from said first transmitter and said
second transmitter from a first level to a second reduced level;
. means for generating in the base unit data indicative of both a secunty code and
a starting channel for each one of the plurality of handset units; and
25 o means for transmitting in said first transmitter to each one of the plurality of
handset umts data indicative of both the security code and the starting channel for each one
~ of the plurality of handset units.

3. The cordless telephone of claim 2 wherein the data generating means further
generates data indicative of a starting channel for the base unit and said transmitting means
30 transmits this data to each one of the plurality of handset units.

4. The anangement of claim 1 wherein the selecting means includes means for
generating a plurality of pseudo random number seeds, each number seed being used by the

' This Sheet Has Been Re m
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and the handset—unitsfor—X seconds, where X is typically 15. Any handset

unit can an and open the intercom connedFs - _
base by pre !ﬂﬂl” ““mlﬂ titon while the | NTCM LED on t hd| RHIFISHEETIHAS BEEN

i s flashing. gn thesxcosnection is ggened to the base unit ([L0, t REPLAGEM
" LEDs on the handset unit and 20 the~Kase unit go on steady. TT anotner ,
handset unit presses the INTCM button after the.connection has al ready been .
est abl i shast, untitvend dnerofsied plurdlity ofhandsetfunits fdrg@Reratify tHe@Reting chansiell foF kad out

fromthe thF{h% rajl &?ﬁnhwg}%button s not.pressed at any of the

si gnal ed andse handset unit answers the page), the | NTCM
-LEDs at the base un|t and the handset units go off when the interval tinmes

' d h ' A tel h
oal 1 Mecatved or o fratishetc 6f laibfd Wil e DeerblodAA0m B BbE: soei sl °"
uni t regast basiyifogigenerating p fisss quuewewdgmmnmnberhsmﬂﬁm subsequenain be on
a cal Is Wpidudb P RuriBbeflg dellnd Eenckile a iliso QA B uhRAribh BadiEf HiFe"

t he answerin ndset  unit.and ase uni.t nust

anot her H%?rmg@F sef {pit lrb%ﬂmgmsmgswtb the bﬁsﬁkméﬁﬂl’lﬁﬂ e fmauem heppingcal | .
V\heneverc)tdje radi o comruni cation |ink between the base unit and a handset -
unit -i s rel eased, the base unit returns to nonitoring those channels used
for respectively initiating communications fromthe handset units to the
base unit. A buté. o’ﬂhe)madgenbﬁmf&ﬁmmwhe&idmﬁsﬁ tisie pséudoRhridom hiab&al |

in a sus | e k S0 0 handset uni t

can con ngeg{égzﬁgd ?i} gﬁ’?%%ﬁ%f%‘%@s@?% dg[ e b &“5{5 eélfps a%ﬁ‘é g?f GNSIAUNg AtSds et

uni t 0s subsequent pseudo randonminimisdr, ¢deh pséudo ramdbm pumberdeing wsed e generate a
corresponding communication channel for use by the handset unit in communicating with the

base unit during the frequency hopping cycle.

7. The arrangement of claim 4 wherein the transfen'ing means includes means for -
transmitting from the base unit to each handset unit over the radio frequency link on a
- 15 predetermined commumcatlon channel each one of the plurahty of pseudo random number
- seeds '

8. The arrangement of claim 7 wherein the pseudo random number seeds are
transmitted to the handset units from the base unit at a low power level, said low power level
being less than the power level used for normal communications between the base unit and

20 the handset units while operating in the frequency hopping cyble.

9. A method of configuring a plurality of handset units for operating with a base
unit in a frequency hopping system, the base unit and the handset units communicating over
any one of a plurality of communication channels, the method comprising the steps of:

selecting in the base unit in a pseudo rahdomly manner a different starting
25 channel from the plurality of communication channels for each one of the plurality of
handset units, each handset unit providing initial eo'mmunications with the base unit over its
selected starting channel; | _
transferring from the base unit to each one of the plurality of handset units said
starting channels for each of the plurality of handset units; and |
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~ transnit in the secon

‘ -15- suspended call by pressing the PHONE button in the event t hat

handset unit -does not |ck up the call. To facilitate call 3
.multiple ﬂl‘mmluu“] enever a tel ephone call is in pr gﬂﬂ& -1y
handset u Ds on othgg handset units are copfig el
for indicatfi ng that" the fel ephone line is in 5 use. Comuni catlons bet ween
the base unit 10 and.the gdset uni.t. 20 0cc ri ods designated

as transm ssi on SEPSAHRE I aﬁerwdt‘ﬂga%%féﬁﬁﬂiufal‘é%g}ahﬁgsﬂmet unit both ..

transm subseqmacdsomhmaudh ¢haphele frot each mmmaﬁnammndset udipr exanple, 5
mili second and contain tinme

or. a mat.el y. 500 bits 10
of | nf oRetarse 2 FOEbs e Al e crantelg iy Blro R el thangel g
first hasefbycfaidchanidsétrumitan comimmicatihg withl the basermiit avaria radxd ftequelney: hnkl gur ed
to rgcepye andset unit which transnits in the second
hal fgof‘Ji gﬁaﬁé‘gﬂ%%%ﬂ&gﬁggm | I'i seconds on the sanme frequency. The
handset unit operates in conplenentary fashion to the base unit in that it

“receives in thyggf 'Th%tlxa&ﬁetf?f)él?ﬁ? tpw]i?r lﬁc'i #adtdns of €CONfigured to
ea

rarre IS C cI|c frame transm ssi on

" generates 80 -fr aafiguringiosh tieibase wnitandybe plurality of bandsetynits opie base uni t
and hangiggdtetingd | &iﬂnhemp Pé%iﬁieﬁx% oM ohé 6f'ﬁl@1p1hirbn? oFhandsBEMits! mﬁo@aﬁap h of

the 50 cp i cation chann oth the basé unif{ and the handset unit may
initi at\gltg%qsepgx teach other. 20 Channel 51 is the channel used for
i ni 1oat i ng commugiueiiyi the frahsmired pewbehonshid irst trdnsmithe ahé sfid lséttdnd Channel 0
(2er0) g Rrshiifer TPt AGirst 18R e £ 5edoRl rhichd v MMun! cat i ons
generating in the base unit data indicative of both a security code and a starting
channel for each one of the plurality of handset units; and
transmitting in said first transmitter to each one of the plurahty of handset units
15 data indicative of both the security code and the starting channel for each one of the plurality
of handset units. -

11. Thé method of claim 9 wherein the selecting step further includes the step of
generating a plurality of pseudo random number seeds, each number seed being used by the
base unit and one of the plurality of handset units for generatmg the startmg channel for said

20 one of the plurality of handset units.

12. The method of claim 11 wherein the pseudo random number seed is used as a
basis for generating a first subsequent pseudo random number, said first subsequent pseudo
random number being used to generate a first subsequent communication channel for use by |
the handset unit in communicating with the base unit during the frequency hopping'cycle. '

25 13. The method of claim 12 wherein each subsequent psendo random nﬁmber
generated by a preceding pseudo random number is in turn used as a basis for generating its
subsequent pseudo random number, each pseudo random number being used to generate a.
corresponding communication channel for use by the handset unit in communicating with the
base unit during the frequency hopping cycle.

30 _ 14. The method of claim 11 wherein the transfefring step further includes the
~ step of transmitting from the base unit to each handset unit over the r_adio frequency linkona
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fromthe base unit to the handset unit. Each handset. unit has |ts own

assi gned r““ed to it by the base unit at regist
descri bedﬂmm“mlu?mﬂ when the base unit 10 is initi
the handset uhitt 20, tthe*base unit 2§ sends the initializat
synchroni zation pattern on channel ?or 400 m | liseconds.
unit is initiating a call to the base unit, the handset unit al so sends
“this sanqudﬁWF‘Fl&}esfale%%ﬂl‘?BWh@mekaathﬂﬂe;@ﬁtheaﬂwabt)t of psewdearanddm miimiber t i e
periods gépdsl to the second part of each frame for 120 nmilliseconds. This
synchroni zati on pattern conprises a dotting'sequence signal, followed by a
-security code, a barker 30 code and a period in which no infornation is

transmitted as cllsclliifsméthbdbﬁ&l fift 12 iwhereih th is’a
| e orov, ded f%%ﬁ%ﬂgg??ﬁ“ﬁ“ﬁ@f Redldle '°

series o n ro at are prov

20, and Q 6‘“?‘?’1‘2 Z’aﬂ‘iﬁ E ‘g‘f%?'atﬁff ﬁ“Pﬁé‘%FP&‘éBOWr FY% saidlow/powerdetelwi t h
t Ee p tialsbemg lésk ¢hanl thcpowezd\eveilusgd fdﬁ@ohﬂﬂ@:ﬁhﬁ'ﬁnﬁctﬂ?ﬁﬁ% ?et%&ﬂtlfeh%s@ﬂnﬁ? ﬁnde
these c unit s then etoread in the 35

pr oper ﬂlt%%{)'g%é%h ﬂeoé @@ﬁ%h@qgﬂﬁy QPRIRE C¥O%e that fol I ow t he
dotting sequence S|gnal. -16- \Wen attenpting to contact the handset
unit, the base unit sends 198 bits of the dotting sequence signal fol | owed: -
by the security code. This security code is a 16-bits random nunber

generated by the-base unit and, as earlier indicated, is transferred to the
control unit 210 in the handset unit 20 over a |ow power radio-

tTHIIG SHEEAIHAS BEEN
on  REPLACED
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S link during the registration process which registers the nultiple

handset units used in the system This shared security co r T
-anot’her base unit inadvertently synchronizing with the hagiﬁggﬁ!@%gl%h} '

are registered with the system The 7L]securlty code is foll
initialization synchronization patt®rn by the barker code. This barker code
is a fixed predeterm ned eight-bit 10 pattern which provides a position
ref erence AN APPARATUS AND METHOD OF CONFIGURING ANEORDEESSr in the

porm ¢ s THERPHORE MR OPERATING INA ERROVERER HUFPING SIRIINC 20" (1 °
t he baskbstma¢t 10 after the handset unit has been turned off during its |ow
20,
Do 1. el oA EIBRGRAAcs Wi SRealbAT £ty haRERagh, 1L
al i gﬁednoluuﬂes muttmrnor&béﬁ:umt;fconﬁsurpﬂ forperation With a base wnitdné witlrdach ofler er
the basg piide the bfaganﬁf@geﬁda %daﬁ.g;u $elldey ﬁepﬂf lrtrgaf Js&ﬁmﬁﬂfésuém Hafels
addi t 1| ona ﬂ % ﬁe base

|n|t|aI|zat|o%1 nc pa ern |on|s sent é
uni t i ravatdablein %é’rq%ﬁncaf hoppingswstesya diffgrent stamys apng! fox eaeh age okther ovi ded

in thi drtam s Ed:hflszfnam mﬁmé@?tbvida& ﬁﬁﬁﬂlcoﬁﬁmﬂgwm tRE Bake unit

i FleR o b P R AL, ForepaplarLs T BRboato 50,

Onceot ftmrmlgl afisequehcyhopipig éycamhetwem 4 portabld uﬂ:handﬁa dasetunit) thie poetablevsit wi t h

s i wht BRETchinals 4\ of ESlnf b thap Rl EPRORE SRt 15
posi ti mss1gfled tocthb pertahle it fmbsaquemmeu int ¢ommumidating aver thetmdmsfm@lemy al so -
est abl 115Re R4 0F e PUrkabld iits @&&H}E&%P@éﬁlﬁdm with the base unit and with each

other during a reglstratlon procedure. Information indicative of the starting channel for each

15 portable unit and also a security code is transmitted to each of the portable units from the
base unit during this registration procedure and on a predetermined communication channel] -
ata radlated energy level well below the level normally used for normal communications.
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Referring nowto FIG 6, there i's shown the timng diagramfor illustrating
the operation of the base unit 10 in the cordl ess tel ephone systemin 30
providing an initializing signal for establishing comruni cations with
either one of the handset units 20, 30 or 40. As earlier indicated herein,
a handset unit may simlarly operate in th@'wanner of the base unit and

al so generate an initializing signal. An iniitialization sync pattern from
the base unit 10 is transmtted in frame position 600. This initializing
sync pattern is a broadcast signal and provides a 35 neans for the base
unit to activate the handset units to a full. ON operating condition from
“the mini num power operating state. = -17-..\Wen there is an inconing cal

or a press of the page button on the b (;nitf t he base unit begins
transmtting a dotting pattern on its communi cation channel 0 in frane
position 600 for 400 mlliseconds. The pseudo-random nunber seed for this
channel 0 is provided to each of the handset units during the registration
5 procedure. Each hands unit therefore nonitors this channel to detect
any attenpts by the base punit to establish communications.} Wen the base
sends the initialization pync pattern.on channel O in frarge position 600,
each handset -unit within{fhe reception range of this base'unit wakes up or

cycles to the on state a nmoves on to channel > in frane
position 610. Since the (immrismt—rmit e the 10 see a £H¥nnel 0, they
are thus able to nove w : i i : '

101 |\ -/
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channel's, for exanple, channels 1, 2 and 3, in the frequency hopping cycle
until communi cati on between a handset unit and the base unit is -

est abl i shed. The base unit and the handset units all use the sane algorlthm
" to generate the list of communication channels used in each of the
frequency hopping cycles. 15 the base unit 10 noves to
~channel 1 in frame position 610, a nunber ‘of procgs: steps in the base
unit are performed. First, the receiver in transcqgi 130 in base:unit 10
is configured to listen on the starting or set-up |& el for each handset
unit in position 611 for approxunate 35 mlli$dg each. Thus, as
i'llustrated in positions 612 -t IR ug 14, the r shifts fr

listening for dotting on the stagyi channel 51 3 ed to handget 20
listening for dotting on the gtarjti ggghanng 51 gssigped to handget 30 to
finally listening for dotting ha/ Starti chan 1 aggignedfto
- handset 40. Next the transmtter gzt 130 conf& qured |f or
- transmtting the dotting or iniAh&ijzati @ syn in the fr
position 615. This time for th 2Edpal i@ appf oxijn y 8pg®5
mlliseconds. FinaIIy, in frame pofrtifon t he lopeode nug% e,
exanple ring or is sent.to the Randset Junigd i lle on %nn I
no response is rec Wved from a hanlisef uni j e |t Base Eﬁﬁi i
channel 1, the bas§gunit novep annglgg] e I‘(CES.SEIIS
executed on channeE1 are aga 1§hanne| % | f ngE 2bp
recei ved froma haB¥iset on chis =} he el unift 0| noyE$ op t
3, and subsequent chagnel s, : gt el st gps unti | Ft_hps
anong all 173 channel gZ=TieTT1=¢ p?bcesgasiéﬁ _dnd conti nugs uﬂLfI a -
handset unit respond or@'he rjgggi ng—signa~{ @& baging signal is o~
di sconti nued. Each tHe suthel hgnngqg are identical to chgnnel 1 in
~that the base unit ffirst |iQFn$ diE S| ' -
I | ]
D
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t he set-up channels for each handset unit, send the initialization sync
pattern and 35 then send the opcode nessage on the channel. - -18- As
addi ti onal channels are necessary to be accessed before a response froma
handset unit is received by the base unit, these additional channels are
al so selected fromthe seed of channel()syﬁh eachl? edi g channel being
the basis for selecting the subsequent channel hi 156% I on techni que
is equivalent to a listiy ' 173 channel s with each channel always
ninthe list. In-order to get a response on
RIeTR) unit, a person at a handset. unit

appearing at the sane posi
one of the set]
nmust go of f-ho
base unit does|not %‘ﬂ
receives a dot Ling>

-page signal. Otherw 'se the-
W i if som p handset unit. Once the base unit

-’eh1=- | of the handset units, it 10
attenpts to estab C . j Fust, with that handset unlt onits

. set-up channel {and sﬁﬂﬁ%f 0F1GN&3 dott ng signal on its broadcast

channel . Once 3 h-&HﬂEeANMHTERGﬁHst&MhHe ~B82 t he base unit and the base

handset unit, gonmuni CRECIS‘I’[RSH SFEen the pase unit and the handset units
are provided: inTNe el _of _uUnited ates Patent 5. 353 341 which
issued to M E. G I¥8s on Oftober 4, 1994. Referring next to FIG 7, there
i s shown ‘in fl oW char PRESST FBUTTONONE' 2t | O\ NO '

HANDSET VIITHIN 10 SECONDS __ /

~PHONE AND INTERCON LEDs FLASH ) 307
AT HANDSET. -HANDSET READY FOR
" REGISTRATION. - | -
=1 0 | 316~ (54D TONE AT HANDSET.
L ~PHONE AND INTERCOM
PRESS PHONE ON FANDSET WITHIN LEDS AT HANDSET GO OFF.
10 SE°°N°5 | -HANDSET RETURNS T
IDLE. —HANDSET NOT
PRESS A NUNBER EY FRON 1-3 ON -
<HANDSET WITHIN 10 SECONDS (e.g. 1)>an . REGISTERED.
_ . ' | !
" (" —HAPPY TONE AT HANDSET. —PHONE
AND INTERCOM LEDs AT HANDSET OFF.
~HANDSET RETURNS T0 IDLE. -HANDSET - -
REGISTERED WITH ADDRESS ENTERED ~SAD TONE AT HANDSET,
(1,2, OR N). ~PHONE AND INTERCOM | - 318
3 ILEDs AT HANDSET GO OFF)
IS THIS THE Nth RANDSET REGISTERED ~HANDSET RETURNS TO
NO 312 IDLE. -HANDSET NOT
IE5( REGISTER ANOTHER HANDSET 313‘> \___REGISTERED.
. e .
PRESS OFF aunon ON_RANDSET
NO i1
PRESS REG, BUTTON ON BASE
NO
. A j

-TWO-PART EXIT TONE AT BASE.
~PHONE AND INTERCOM LEDs AT
BASE GO OFF. -SET RETURNS TO
| IDLE STATE.




of the cordl ess tel ephone with the desired functionality including
criterion for the base unit in initiating a call set-up with the handset
unit as shown in FIG 6. The.20 functions provided by control unit 110 are
advant ageously determ ned by a process or programstored in read only
menory (not- shown). The process is enter§g7at step 701 where the base unit
transmitter is idle and its receiver is nitoring each set-up channel,
channel 51, for each one of the handset units. Once a ring is detected or
page button is pressed on the base unit, the process advances to step 703
where 25 the base unit sends a dotting signal for 400 mlliseconds. In
step 704 the base unit 10 noves to channel 1. Wile on channel 1, the
handset unit | oads the handset's set- up channel s for each of the handset

units in steps 705,706 and 707 mhl k|n ~for dotting on each of these
channels. If a sync pattern is.det *0 ne of the handset unit

channel s, the process advances to a synchronization processi ng routine 30
shown as step 709 and described in detail later herein with reference to
FIG 8. If a handset initialization sync pattern on its set-up channel is
not detected, then the uni t agfds dotting to the handset units in step
710 and a ring or page sage | ep 711. Next the base unit noves to
channel 2 in s[ep DSETO1 ocegsi ng steps in steps 713, 714, 715, 718,
719 and deci si ThEME NEEHE © 5 these steps and the decision being
essentially a kepee - re—stepsTittd deci sion -19- executed for channe

1. If no.respons Ht is received while the base

BUTTON NUMBER 2

WITHI 4 SECONDS | I i
( TNTERCON CONNECTION
PAGE SIGRAL AT HANDSET 2., " OPENED TO BASE

‘INTERCOM LEDs FLASH AT
BOTH HANDSET 1 AND -
HANDSET 2 FOR X SECONDS.

INTERCOM BUTTON

N0 413
HANDSET 1 PRESSES ) ‘Pﬂﬂf Bfggn
oryrE BUTTON

40 .
*INTERCOM CONNECTION NADE } | - \
BETWEEN HANDSET 1 AND - ¥INTERCOM CONNECTION
HANDSET 2. *INTERCOM LEDs 'CLOSED TO BASE. *INTERCOM
LIGHT STEADY ON HANDSET 1 LEDs AT HANDSET 1 AND BASE |- 414
AND HANDSET 2. - | GO OFF. *HANDSET 1 RETURNS
IR g TOILE.
HANDSET 1 OR HANDSET 2
PRESSES OFF BUTTON
YES I
SINTERCOM LEDs AT HANDSET 1) 407

“AND HANDSET 2 GO OFF.
*HANDSET 1 AND HANDSET 2
RETURN TO STANDBY STATE.




- identical to that o

unit is on channel 2, the process repeats the steps and decisions in
channels 3 to 173. Handset units may advant ageously be configured to

‘conmruni cate with ot her handset units, in accordance with the discl osed-
enbodi ment. A first handset 5 unit, for npl e, handset unit 20 can have
its circuitry, i.e., its TDD 220 reconfigydred such that this circuit wll
cause the handset- unit 20 to transmt and receive in the sane manner as the
- base unit 10. Thus, if handset unit 20 attenpts to comunicate with, for
exanpl e, handset unit 30, handset unitlg?zgul Egsend on channel 0 a dotting
signal for 400 mlliseconds during whi q ndset units wake- 10 wup and.
go to channel 1. Once the handset unit 20 noves to channel 1, |ike the base
cunit 10 illustrated.in frame position 610, a nunber of processing steps in
this handset unit are perfornmed. Since tﬂeun ndset _unit 20 is attenpting to -
conmmuni cate W set  URi—30Z41E handsel unTt—S0sends a sel ¢pre
page opcode ﬁgéggggqpo handset unit 30 15 and only listens to tdgmggyﬁg%.
channel designated for.
fromthe base unit 10

his handset unit. In this regard it is]different
ich sends a broadcast page opcode nessqge and
listens to each one of Jthe set-up channels for each handset unift. O herw se
t he processing steps_i+gat he handset. unit for this frame positidn is
'Tﬂﬂe'base unit where an initialization e pattern and
E gl so.sent 20 on this and any necesg ubsequent
channel s. Once the dandset units establish a radio freg 2/ |ink, the
hopping list that t} %:v:se is generated fromthe channel tH g®s used to
synchroni ze on by thig#dhandset -units. Thus, in this_exanpl:ﬁaﬁ:ndset uni t
20 and handset unit| ®* §se the set-up channel .and comuni cdt{@®n| channel s
assigned to handset 30. These : :

-

t he opcode nessage

) FIG. 6‘ - |
o 600 ——>fo—— 610 ——>fo—— 620 ——+{o——630 —

CHo | chi i S - - N
 [SEND INITIALIZATION| | | o "
aise | SYNC PATTERN ON |
UNT | CHO FOR 400

10 | MELISECONDS
LSTEN ON SET-UP | ~ SEND | SEND |
CHANNELS FOR | INITIALIZATION | MESSAGE |
| EACH HANDSET | SYNCPATTERN | ON |
4o = | CHANNEL 1 |
/p 11— *\*5-'-*—515—-}
B T N T B W T |
| CHANNEL | CHANNEL |  CHANNEL
| ASSIGNED TO | ASSIGNED TO' | ASSIGED T0

i
{
!
| HANDSET 20 | HANDSET 30 | HANDSET 40 |
o 12— 13—t 14—




25 conmmuni cation channels are | oaded into both TDD cigecuits in fhese

handset units and accessed at the S5M5 hopping rate. Vi %l@@ﬁE@fﬂ—H%eB@éN il

channel s | oaded into the TDD is found to be unusabl e".ue tq;gmdarence-,
etc., it is replaced wth the next channel generated f=eom-a—psetto—rand im

seed, asp Létﬁﬁsﬁb@xmﬂla&‘ad herein or generated by the pseudo-random 6/1 ~

generat_or n United States Patent 30 5,323,447 which issued

to M E Hjﬂm “Lm tn June 21, 1?14;\/% a base unit and handset unit
are comu ach ot her, nalfly, it is desirable to be able
to swit:ch the call comng through the base unit to another handset unit. In
‘order to communi cation wi th another handset unit,. the initial handset unit
must di scontinue the communications (EMERDt has with the base 35,.Unit. In
_order to acconplish such transfer the : : () KRQM: FIG 8
handset unit whi cp—ee . e1handset unit
tothe - -2 : ication |ink,
but keep the off -taalk 2 _ .: phone—bui-toed on any of the
handset units vvould cause any of the h STt o s t0 go O an k and be
connected to t AT, T \AT DA not her _
handset unit to xﬁmg&gﬂ&: LA émhgﬂPc ‘. EFON E here is a call’
on the tel ephone '

A Sl s ---;.:-.;--- her
phone button his or hertONX CHANNEL 0 AND DOt 505 A% synchrodismwith the
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After the user .has presses the transfer key, the user may need to page a
person at one of the other handset units. To do this, the user next presses
tthe 10 intercombutton and the handset unit is configured in the manner of
the base unit as described earlier herein for contacting a selected one of

t he ot her handset units. Once a handset gt is comunicating wth another
handset unit, ‘the base unit may then al so’communicate with the remaining
free handset unit. Since handset units communicating with each other nove
away fromthe broadcast 15 channels once a tel econmunication |ink has been
establ i shed between them the base unit and the remaini ng handset uni t may
advant ageously then use the broadcast channels to establish another

.communi cation |link between itself and the renmai ning free handset unit. .
Referring next to FIG 8, there is shown a flow chart illustrating the 20
operation of the cordl ess tel ephone \/Fl}lahe gesi red functionality _
including criterion for the base unit est abl i shing synchronization-mﬁth
a handset unit. The functions. provided by control unit 110 are

advant ageously determ ned by a process or program stored in read only
nmenory (not shown). The process is entered at step 801 where the base unit
transmtter is turned on and the initialization sync pattern is transmtted:
25 on channel 51 for 400 m ||z s. Fromstep 801, the process advances
to step 802 wherein the base t\ ver (transmtter and receiver) is
tuned to channel 52. The transnit er a ain transmts the initialization
sync pattern on this]| ver |begins to nonitor this

channel for receipt ¢f t qﬂueyn( tern expected to be
provi ded by the handset 30 From step 802,
t he process advances %N FF% : ' _

TUNE BASE TRANSCEIVER .
TO CHANNEL 52 OF RESPONDING |~ 802
HANDSET, TRANSMIT INITIALIZATION
SYNC PATTERN ON CHANNEL 52

R o ammw

Tho £

100ms TOIER EXPIRED

SYNC PATTERN ON CHANNEL 52
806~

BIG SYNC ESTABLISHED

ST0P SENDING INITIALLZATION SYNC _
PATTERN, SEND HOP MESSAGE, BEGIN |~ 808
HOP SEQUEN

ENTER BASE HOP_ROUTINE)



m*l li second tiner js started. The process then advances to decision 804
where a determnation is made as to whether the handset unit is sending the

initialization sync pattern as expected on channel 52. |

is not being received, the process advances to the deci sifjo
determnation is made as to whether 35 the 400 mllisec nﬁsf?ﬁc%ﬁ%%sﬁEET
expired. If this tiner has expired, the 2atterrpt .to establ igge(_:_(_)___._____r]_'_"_at_}%gﬁs
with the handset unit is term nated and “he process retu : , |
step 701 in FIG 7 where it again nonitors channel 51. If the timer has not
expired in decision 805, the procesAPPENREXGNEo decision 804 and continue
to look for the initialization sync pattern on channel 527 If in decision
804, it is found that the handset unit is sending its initialization sync
pattern on chappgl, . rQcess 5 advances to decision 806. At decision
806, a deterninati og?'i“'sI ﬂgag'gs‘ t0" WhEL A& *B1°C SYRE* S st ubt » shed sis 4 hes
base unit. If" not, FRELIFDCcess Generaes maximal lehgthipséudtarndom lighye’ © t he 400
mllisecond tYner is exam ned ohg@felggain. If this timer has expired, the
ProCESS ret urnes & @ «3teos wde b skleG « s 20 G L,UR attenpt is

di séontinued., If the tiner 10 has not exﬁit.:lgd‘,aHfsgr'Gée's's'"r'eggfhs*‘t‘d“'
deci sion 806 and deterni nes once agai n whet her Bl G SYNC R®RTbeen

est abl i shed. YWen BIG SYNC i s establi shed, the process agjygnces to step 808
where the -bas® unit stops sending its initialization syng,pattern, sends a
nessage to the handset UM.WW it to also stop sending its sync

: equates
* MSK equ $b8
get_seed
L ]
da  ACIR Gather 8 bits.
sta ran_seed Start at one.
s
gen_list :
lda ran_speed :
brclr  O.ran_seed.gen_1_1
Isra
eor #MSK
bra gen_1 2
gen_1_1 - '
lsra
gen_12
sta ran_seed
sta rand_num
gen_1_3 '
Ida rand_num
cmp #MAX_FREQ
bhi gen_list ' " :Branch if Acca> memory. OK
s

NY



pattern. The base unj hop nessage to the hands
this step and’ 15 beg“!liﬂj lﬂ Bﬁ@ﬂm to the time at V\/n
hoppi ng sequence is e count down sequenge ends,
setup routine is exited and the process enf¥rs the base hgp OLﬁsn 1
[err] C ai ns: 18
An arrangenent forCle#mstiguring a plurality of handset units for operatl ng

with a base unit in a frdgasrajngtnagmpioncpnfigiing aplutality obkemasetainits fonogbratihgwith
handset units Com%s&mt mgf@g&{cyﬁ%mgeﬁmﬂi thebadb hma!nam hidsdt @gRRUNI cati on

channel s, the arrangenent t. T d
random y sel ecti nd ﬂ‘lc‘f‘}‘fgg AAne pLA Pgefg‘!%?ﬁ?amé%{fﬁus‘h&éw& nib¢ gﬂr'aag%%r (Ca)r ent

starting channel f@_rnpemm one of the plurality of handset units, each
handset unit providi ng inh:tednain:mmmhmtpmm:amohﬂys‘eieamba:smmmramyefr its
sel ected starting & AR on dﬂf&éﬁ?stﬂ&?gechklﬂbltforfe%h dnb anﬁé ﬁﬁr’él'nt?gf Hafldse@ch

i
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the plurality of
plurality of handstartingshangelf or generating
means in the base unit for transferring to each one of the plurality of handset

units said starting channels for each of the plurality of handset units; and

means in the base unit and each of the plurality of handset units for generating
subsequent communication channels from each starting channel, each handset unit
generating a set of subsequent communication channels from its selected starting channel for
use by said handset unit in communicating with the base unit over a radio frequency link

during a frequency hopping cycle.

2. The arrangement of claim 1 further including

means for configuring both the base unit and the plurality of handset units on a
predetermined channel for registering each one of the plurality of handset units for operation
with the base unit;

means for reducing the transmitted power from said first transmitter and said
second transmitter from a first level to a second reduced level;

means for generating in the base unit data indicative of both a security code and
a startmg channel for each one of the plurality of handset units; and

means for transmitting in said first transmxgter to each one of the plurality of
handset units data indicative of both the security code and the starting channel for each one
of the plurality of handset units.

3. The cordless telephone of claim 2 wherein the data generating means further
generates data indicative of a starting channel for the base unit and said transmitting means
transmits this data to each one of the plurality of handset units.

4. The arrangement of claim | wherein the selecting means includes means for
generating a plurality of pseudo random number seeds, each number seed being used by the
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subsequent _communi cation channel[stfisashEachas BEENI ng channel , each handset

unit ﬁ’ﬂnmmmu‘ Hu"m‘ _subseqifent CREFUACERtion Ehannel s
sel ec nel for useby—said=ardsel

; nit in mEWNmEET
with the base uhit® over|a radio frequency_44.nk during a f equencn go‘pﬁm
cycle. 2. The arrangerrent of claim1 further i ncI udi ng Ratefor. . %, L 50, VT

configuring bot h r of h

predet erni ned ch %ETIP?"EI ong 8{#‘53@%11&7 gf&%ﬂ% lH'éts X?r gf.heé%mg SYHeE “?FAE%@F
units for oper at¢mmfwetﬁlﬂralﬂbobméseumlts means for reducing the transmtted
power fromsaid first transmtter and said second transmtter froma first

| evel to. a second reduc | evel for ner ng . n the base unjt data
i ndi cative of both a se d’Pfet %H@"g‘ﬁ%laé?“ét fq"h@ FFE’HH@""?’BP“@E e?ii"fé“
the plurality ofasladasisfaor gmmtmg adired subsequentipseudorandomi rtuiiberxy said fisshsubsdguenst

transmtter to %Eﬂoqgﬁdoﬂf nLHb%r By ikd foVgeRfral A Shbskyl eﬁtscoﬁﬁ‘ﬁtﬁxdaﬂéh &ﬁﬁﬁé! for
t.he startln eac

of both the securi C

ol ural ity of " harie byt Hansel i i prmpgricn g gvn??r%hfﬁ%w piing fh apens bpcaing
t he dat a gener atdydlg. neans further generates data indicative of a starting
channel for the base unit and said transmtting neans transmts this data

| “uher ei n t he sel et i nh B AESTEBRILR S 1B At S RS o AT
pseudo random nigeherated by d preceasting psendolyandogaauhbieris mytunswsdd bs/a bdsis for generating 1ts
' subsequent pseudo random number, each pseudo random number being used to generate a
corresponding communication channel for use by the handset unit in communicating with the
base unit during the frequency hopping cycle.

7. The arrangement of claim 4 wherein the transferring means includes means for
transmitting from the base unit to each handset unit over the radio frequency link on a
predetermined communication channel each one of the plurality of pseudo random number
seeds. ' :

8. The arrangement of claim 7 wherein the-pseudo random number seeds are
transn}ittéd to the handset units from the base unit at a low power level, said low power level
being less than the power level used for normal communications between the base unit and
the handset units while operating in the frequency hopping cycle.

9. A method of configuring a plurality of handset units for operating with a base
unit in a frequency hopping system, the base unit and the handset units communicating over
any one of a plurality of communication channels, the method comprising the steps of:

selecting in the base unit in a pseudo randomly manner a different starting
channel from the plurality of communication channels for each one of the plurality of
handset units, each handset unit providing initial communications with the base unit over its
selected starting channel;

transferring from the base unit to each one of the plurality of handset units said
starting channels for each of the plurality of handset units; and

| This Sheet Has Been R
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24 base unit _and one of the plurality of handset units f
starting C:memml |m Hne of the plurality of handset
ar r angenent 'J&r8 ein the pseu random numnber

basis for generating a’first subsequent“fpseudo random nu

subsequent pseudo random number being used to generate a ‘H=rst—subseguent=—=—
communi cat i on channel geheretingsia theybashunitead deach ohthe pluralicoefrhandseruriitsg with th
base dur i Ng | iHBsdqfieilU6niERIRAIcHELnBls frbiFeadt SEBEERAlhel Yactf hablitlt Guither ei n
each subsequent pseudo random number generate a _precedi ng pseu
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corr espondi ngd\ﬁﬁ?m{gﬁgﬁa,ggbpi,@ geel for use by the handset unit in

conmuni cating wth the base unit during the frequency hopping cycle. 7. The

arrangenment of claim4 wherein the transferring neans includes neans for
transmtting from t hi.Ehsenathudtiof tlaine 8 firtheninclsding theistepoefer t he radi o

frequency link on a ?ﬁﬁ ) ' i : of the
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istering gach, one of the plyrplity ofihangset paits for,epegatiopn; + s

from t he basewitintht base uaitj ow power | evel, said | ow power |evel being | ess

t han the power | evel f 4 Jearsyla ; ; e unit
and the handset upnit ryt\ﬁ;ﬁﬂllget&ruﬁ%m%ﬁs? tg 5@%’5‘@%@”%&?&‘?‘&%& 9. A
s o e

oper at |
net hod of - corffagH! a ﬁﬁll%(glit??s €¥§hits for operating with a
base unit in a frequeensyatingipthebasywmiteata indiatibacfbotim securityl codecant antistitg
uni ts comunigatdelMbr 0368 on8 B the ra?fy & hRhddb@initl- un®f conmmuni cation channel s,
th t hod the st ; ’
€ frethod compri st n%ransn?ittlsngelf sair.? rst transmitter to each one of the plurality of handset units
" data indicative of both the security code and the starting channel for each one of the plurality

of handset units.

11. The method of claim 9 wherein the selecting step further includes the step of
generating a plurality of pseudo random number seeds, each number seed being used by the
base unit and one of the plurality of handset units for generating the starting channel for said
one of the plurality of handset units.

12. The method of claim 11 wherein the pseudo random number seed is used as a
basis for generating a first subsequent pseudo random number, said first subsequent pseudo
random number being used to generate a first subsequent communication channel for use by
the handset unit in communicating with the base unit during the frequency hopping cycle.

13. The method of claim 12 wherein each subsequent pseudo random number
generated by a preceding pseudo random number is in turn used as a basis for generating its
subsequent pseudo random number, each pseudo random number being used to generate a
corresponding communication channel for use by the handset unit in communicating with the
base unit during the frequency hopping cycle.

14. The method of claim 11 wherein the transferring step further includes the
step of transmitting from the base unit to each handset unit over the radio frequency link on a



selecting in"the baseunit—in-a pseudo randonmy manner a p=f4 ) }
channel from communi cation channels for &EWLAGEMéNﬁﬁﬂﬁET
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each handset unit generating a set of subsequent conmmunication channels
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power fromsaid first transmtter and said second transmtter froma first
| evel to a second reduced | evel; generating in the base unit data

i ndi cative of both a security code and a starting channel for each one of
the plurality of handset units; and




transmtting in said first transmtter to each one of tfre=pttra
handset. units data indicative of both the security code ml,nbgmsgmrg”
channel for each one of the plurality of handset units.||11. Th r@
claim9 wherein the selecting step further includes the Qatep ngg

a plurality of pseudo random nunmber seeds, each nunber “S€ed=betrng=tsed o)
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frequency | i nlandbasg unit both genemieajeat of eAnpeunicatiomehsnrely one of
the pl ural’i ty aQignes 3486 poredbléQiit o sabdequent use in commumcatmg over the radlo frequency

link. Each of the portable units is configured for operation with the base unit and with each

other during a registration procedure. Information indicative of the starting channel for each

portable unit and also a security code is transmitted to each of the portable units from the

base unit during this registration procedure and on a predetermined communication channel

at a radiated energy level well below the level normally used for normal communications.

Figure 1



. seeds. 15. The nmethod of claim14 wherein the pseudo ra'ndom nunber seeds

are transnitted to the handset .units fromthe base un|t rT

a1 Q 1
| evel , said | ow power |evel being less than the power 6@@5 W#ﬁ%l
communi cati ons between the base uni t-2&nd t he handset un| s Whl Be0oARR 68610
in the frequency hopping cycle. - o [ DAL

base unit and one of the plurality. of handset units for generatmg the starting channel for satd
one of the plurality of handset units.

5. The arrangement of claim 4 wherein the pseudo random number seed is used
~ as a basis for generating a first subsequent pseudo random number, satd first subsequent
pseudo random number being used to generate a first subsequent communication channel for

use by the handset unit in communigating with,the ase nit during the frequency hoppin
o p éﬁl&%%ﬂ >bage g the frequency hopping
_ 4

RV T Y I s
6. The anangement of claim 5 wherein each subsequent pseudo random number
' generated by.a preceding’pseudo random number-is in turn used as a basis for generating its
~ subsequent pseudo ran lom number, each pseudo random number bemg used to generate a
corresponding communic tlon channel for use by the handset unit in commumcatmg with the-
base unit during the frequency hoppmg cycle.

W o

7. The arrangement of claim 4 wherem the transfernng means includes means for
transxmttmg from the basé unit to each handset unit over the radio frequency linkona
predetermined communication channel each one of the plurality of pseudo random number
seeds. - ' :

8. The arrangement of claim 7 wherein the- pseudo random number seeds are
transmxtted to the handset units from the base unit at a low power level, said low power level
bemg less than the power level used for normal communications between the base unit and

“the handset units while operatmg in the frequency hopping cycle. '

9. A meth_od of cdnﬁguring a plurality of handset units for operating with a base
unit in a frequency hopping system, the base unit and the handset units communicating over
“any one of a plurality of communication channels, the method comprising the steps of:
selecting in the base unit in a pseudo randomly manner a different starting
channel from the plurality of communication channels for each one of the plural'ity of
handset unité each handset unit providing initial communications with the base unit over its
selected stamng channel; | : | -
_ * transferring from the base unit to each one of the plurality of handset units said
starting channels for each of the plurality of handset units; and
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