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The present invention relates generally to a baft;':fy powered THandho
communication system, such as a cordless phone system and a mobile phone system,
and in particular to an enhanced power saving method for operaﬁng the battery powered
communication system in an enhanced power saving standby mode in which the receiver
of the communication system changes the scan rate as a function of the standby time
and enters a sleep mode if no incoming signal is received or no outgoing signal is
transmitted in order to save the power consumed by the receiver.

The invention is also directed to an enhanced power saving cordless
communication system which comprises a controller to change the scan rate of the
receiver as a function of the standby time in order to save the power consumed in the -
standby duration.

Prolonging the standby time of a battery powered cordless communication
system, especially a handhold cordless communication system, is a challenge to the
communication industry. A handhold cordless communication system comprises in
general a receiver for incoming signals and a transmitter for outgoing signals. For a
conventional handhold cordless communication system, its operation is divided as a talk
mode TM in which both the receiver and the transmitter are active and a standby mode
in which the transmitter is inactive with the power supplied thereto completely cut off
and the receiver remains active to scan incoming signals from the surrounding air.

For a conventional cordless phone system, the power consumptions of the
transmitter and the receiver thereof are respectively illustrated in Figs. 1 and 2 of the

-attached drawings. As illustrated in Fig. 1, the transmitter consumes no power at all

under the standby mode. However, as shown in Fig. 2, the receiver takes the same
amount of power under both the talk mode and the standby mode to maintain itself
active. As a result, the overall system power consumption of the conventional handhold
cordless communication system is generally the sum of those of Figs. 1 and 2 and is as
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confruni at;)io?wrérsé Sﬁlﬁaﬁ] thtierztoaca%xr\]c?tl tleecr:x %fft. %uct:hhg system requires quite a power
consumption to maintain the receiver active all the time. Since the incoming signals are
coming in a random fashion, maintaining the receiver active is quite a loss in the point
of view of power-saving.
Another type of the handhold cordless communication system uses
10 software algorithm to control the power supply. In a communication system of this
kind, the power supply to the transmitter is the same as previously discussed, namely
only in the talk mode. However, the power supply to the receiver is made intermittent,
as shown in Fig. 4.
In such a kind of communication system illustrated in Fig. 4, the standby
15 mode comprises a scanning mode when the receiver is active to scan incoming signals -
and a sleep mode when the receiver is d&ctivated and the power supplied thereto is
completely cut off. In the scanning mode, the receiver is powered to scan incoming
signals from the surroundihg air within a predetermined period and once no incoming
signal is detected in this pre-determined period, the power is shut down and the receiver
20 enters the sleep mode. The receiver will sleep for a given fixed sleeping period and then
activated to enter the scanning mode again. This procedure will be continuously
repeated unless a call is made. Apparently, the power is completely cut off to both the
receiver and the transmitter under the sleep mode. Normally, the scanning period,
namely the pre-determined period within which the receiver is activated to scan
25 incoming signals, is approximately 1/5 or 1/10 of the sleeping period of the sleep mode
which as can be understood is the time interval between two successive scan modes.
In the above-mentioned conventional power saving communication system,
the scan rate, which is used herein to denote the number of the scan modes occurring in
a given length of time in the standby mode, is fixed. This kind of system does provide a
30 significant reduction in the overall power consumption, which is illustrated in Fig. 5.
The conventional power saving communication system, although effective
in cutting down power consumption, still wastes a great amount of power in the standby
mode, especially in night time during which the communication system is generally not
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In the current cordless phone market, one of the most advanced systems is

the so-called multiple channel access (MCA) auto-scan cordless phone which comprises
a base powered by an external power source and a battery powered handset with a
10 multiplicity of electromagnetic link channels connecting between these two parts. The
MCA auto-scan cordless phone, as implied by the name, scans all of the multiple link
channels to seek and establish the best communication between the base and the handset.
To meet the requirement of the end users, the MCA auto-scan cordless
phone system has to provide a fast but power saving link between the base and the
15 handset to meet the PTT regulation and to prolong the overall operation time that the -
battery set of the handset can provide. To be fast, a high data rate of communication
should be established between the base and the handset and, as known to the art, the
PTT regulation should be followed regarding the data rate. The requirement of high
data rate can be resolved by using high speed modulating/demodulating techniques, such
20 as 1200 or 2400 bps (baud per second) modem chips. An'éxa:nple of the known circuit
~ which adopts the high speed modulating/demodulating technique is illustrated in Fig. 6
which is proposed by SONY company. The circuit in Fig. 6 comprises a
modulating/demodulating means with the speed of 1200 bps 61 to process the signals
communicated between the base and the handset, an MSK modem. The signals after
25 modulation/demodulation are transmitted by a transmitter 63 via a audio control means
62. In standby mode, the receiver 64 scans the signals of the multiple channels with a
fixed scanning rate. Further shown are a duplexer 65, a synthesizer 66, and an antenna
67, voice V, and data D, signals being present. -
Although'the high speed modulating/demodulating technique provides a
30 high data rate, the power saving problem is still not overcome. The power saving
| problem is very severe for the MCA auto-scan cordless phone, for (1) it is powered by a
limited battery power source and (2) it takes a great amount of power to scan all the
channels continuously. The conventional power saving algorithm as discussed
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conventional power saving algorithm is not very effective and thus it is desirable to
have a more effective power saving method to further prolong the standby time that a
battery set can provide.

It is therefore an object of the present invention to provide a power saving
method for a battery i)owered communication system, which method greatly cuts down
the power consumption of the receiver of the battery powered communication system
during the standby mode by changing the incoming signal scan rate as a function of the
standby time history.

In accordance with a first aspect of the present invention, a power saving
method for a cordless communication system, especially a'battety'powered cordless _
phone, is provided. According to the proposed power saving method, the scan rate is no
longer fixed and changes as a function of the standby time. This provides a more
efficient utilization of the battery power, especially during the time when the phone is
used less frequently, for example in the night time. The scan rate is gradually lowered
down step by step with the standby time when the phone is not operated for a long
while and the system will be restored to the original scan rate once a call is coming in
or an outgoing call is attempted. As compared with the conventional fixed scan rate
method, the present method does provide a better way in saving the battery power.

It is also an object' of the present invention to provide an enhanced power
saving architecture for an MCA auto-scan cordless phone system which by adopting the
power saving algorithm of the present invention greatly cuts down the power
consumption in scanning the incoming signals through all the channels.

It is another object of the present invention to provide a power saving
architecture for an MCA autoscan cordless phone, comprising a decoder circuit which
allows the central processing unit (CPU) of the phone to “sleep” until a special
identification code carried by the incoming sigrﬁl is matched so as to reduce power
consumption. .

According to another aspect of the present invention, an MCA auto-scan
cordless phone architecture is provided. The MCA auto-scan cordless phone architéc;ure
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the user of the incoming signal. Similar principle is adopted in the MCA auto-scan
cordless phone architecture provided by the instant invention that the decoder of the
10 cordless phone checks the address or identification code of other kinds carried by a
signal detected by the receiver of the phone. Once the address or identification code is
accepted, the decoder "wakes up” the sleeping CPU to proceed signal receiving.
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According to a further object of the present invention, the MCA auto-scan
cordless phone has a receiver to scan and receive signals from the surrounding air

15 operated by a scanning procedure programmed in accordance with the enhanced power-
saving algorithm of the present invention.

Other objects and advantages of the invention will be apparent from the
20 following description of a preferred embodiment taken in connection with the
accompanying drawings, wherein:
Fig. 1 is a plot of the supplied power needed in operation by a transmitter
of a general cordless communication system;

Fig. 2 is a plot of the supplied power needed in operation by a receiver of
25 a general cordless communication system;

Fig. 3 is a plot showing the total power consumption of both the
transmitter and receiver shown in Figs. 1 and 2;

Fig. 4 is a plot of the supplied power needed in operation by a receiver of

a conventional power saving communication system;

30 Fig. 5 is a plot showing the total power cbnsumption of both the
transmitter and receiver of the conventional power saving communication system ;
Fig. 6 is a block diagram of a conventional multiple channel access .

(MCA) auto-scan cordless phone system;
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5 Fig. 9 is a plot showing the total power consumption of both the
transmitter and the receiver of the enhanced power saving communication system in
accordance with the instant invention;

_ Fig. 10 is a block diagram of a preferred embodiment of the enhanced
power saving communication system in accordance with the present invention;
10 Fig. 11 is a block diagram of the cordless decoder of Fig. 10;
Fig. 12 is a block diagram of the power saving circuit of Fig. 11; and
Fig. 13 is a flow chart illustrating the operation of the power saving

circuit.

15
An enhanced power saving communication system constructed in
accordance with the present invention comprises a receiver to receive incoming signals
and a transmitter to send out outgoing signats with a cordless electromagnetic link
therebetween to exchange link data with each other. The operation of the
20 communication system is divided into TALK MODE TM in which both the transmitter
and the receiver are active to enable the receipt and transmission of signals and data and
STANDBY MODE SBM in which the transmitter is deactivated to save power
consumption and the receiver is repeatedly activated and deactivated in an intermittent
fashion. The STANDBY MODE period is thus further divided into SCANNING MODE
25 in which the receiver is active for scanning the incoming signals for a given scanning
period and SLEEP MODE in which the receiver is deactivated to reduce power
consumption'.
With reference to the drawings and in particular to Fig. 8, wherein a
power supplying curve of the enhanced power saving cordless communication system
30 constructed in accordance with the present invention and operated in accordance with
~ the power saving method of the present invention is illustrated, it is observed that the
scan rate of the receiver being activated to scan the incoming signals per unit time is

changing in accordance with the standby time history. Namely, the scan rate is no
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is to cut down the scan rate when the communication system is used less frequently, for
5 example in night time, and to increase the scan rate when the communication system is

used more frequently, for example in day time.

An example of changing the scan rate with the standby time is illustrated
in Fig. 8 wherein the standby time is divided into different time zones by, for example,

10 two hours, the first one being 0-2 hour, the second one 2-4 hour, the third one 4-6 and
so on. In each of the time zones, a different delay level in scanning operation is set, for
example, in the 0-2 time zone, the scanning is carried out every two seconds with a 400
ms scanning period. In the next (2~4) time zone, scanning is conducted at every 5
seconds with the same scanning period. The scanning is carried out at every 10 second_s

15 for the third (4-6) time zone. Once an incoming call is picked up or an outgoing signal
is attempted, the whole system will be reset to interrupt the above procedure and re-
start the delay procedure from the first time zone.

The power consumption obtained in accordance with the above delay
mode is plotted in Fig. 9. By comparing the plot of Fig. 9 with those of Figs. 3 and 4,

20 it is observed that not only is the power consumption intermittent, but the average time
interval (delay time) between two successive scanning periods is also increased. This
indicates a further reduction in overall power consumption. '

As mentioned hereinbefore, an application of the enhance power saving
method of the instant invention is to embody in an MCA auto-scan cordless phone. This

25 is illustrated by an embodiment shown in Fig. 10. The phone system shown in Fig. 10
comprises a receiver 10, an audio and control device 11, a transmitter 12, a synthesizer
13, and a multiplexer or duplexer 14. To increase the data rate between the base and
the handset (both not shown) of the phone system and to reduce power consumption, a
cordless decoder 15 is connected between the receiver and the audio and control device

30 11. The cordless decoder 15 is operated in accordance with a principle similar to that of

~ a well-known pager system for checking if the address or identification code carried by
a detected incoming signal match a built-in address or identification code within the

system. Only when the incoming and the built-in addresses match, is the incoming
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signal is compared to the system address built in the memory 152 by the address

' checker 153. Once the two addresses match, the CPU interface 155 will be woken up to

10 receive the incoming signals, data or commands. The synthesizer controller 154 is to

program the synthesizer 13 shown in Fig. 10 to different frequencies associated with
different channels of the MCA auto-scan cordless phone system in order to receive
and/or check the signals in all the channels of the system.
_ Although the cordless decoder 15 of the present invention is operated with
15 a principle similar to that of the known pager systems, it is understood that they are -
different in that:
(D) the pager is an one-way communication device while the cordless
phone is a bi-directional communication equipment;
(2) the pager decoder only needs to detect one fixed frequency and thus
20 no synthesizer controller is required, while the MCA auto-scan cordless phone has to
scan a number of frequency channels and thus needs a synthesizer controller; and
(3) The power consumption of the MCA auto-scan cordless phone is much
greater than pager system for the pager has a fixed frequency and the MCA auto-scan
cordless phone has to scan a number of frequency channels and thus the power saving
25 feature is extremely important in the MCA auto-scan cordless phone system. As a
consequence, the pager system may not need to enter SLEEP MODE, namely both the
receiver and the transmitter are off, while in the cordless phone, power saving
algorithm is widely adopted.
Due to these differences between the pager decoder and the cordless
30 decoder used in the instant invention, they are substantially different in the operation.
' The power saving circuit, which is denoted by reference numeral 156 in
Fig. 11, is a major feature of the present invention and will be described with reference

to Figs. 12 and 13 of the drawings. The power saving circuit 156 controls the operation
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gnals as described herein. In other words, the CPU of the system will be
intermittently deactivated during the STANDBY MODE to save power and the length of
the deactivated time of the CPU will change in accordance with the standby time of the
system.

An example of the power saving circuit 156 is illustrated in a block
diagram form in Fig. 12, m which the CPU interface 155 and a message scanner 101 of
the receiver 10 are also shown for illustrating the relationship therebetween. The power
saving circuit 156 may comprise an accumulator 1561, a standby history recorder 1562
and a sleep time controller 1563. Preferably, the accumulator 1561 is an up counter to
count the number that the receiver 10 carries out signal scanning in a period. The delay
sequence is recorded in the standby history recorder 1562. The delay time and the
associated scan rate are pre-built in the standby history recorder 1562. Once the count
in the accumulator 1561 reaches the upper limit of a delay level, the standby history
recorder 1562 will be triggered to enter the next delay level. Further shown is a reset-
OR-gate 121, supplying a reset signal Res, on outgoing call OCA and incoming call
ICA.

The sleep time controller 1563 is to set the sleep mode SLM of the
system. The procedure of setting the sleep mode will be described with reference to the
flow chart shown in Fig. 13. However, it should be understood that the flow chart of
Fig. 13 is only an example and by no means to limit the scope of the present invention.

As shown in Fig. 13, the system starts with an initialization step 131 and
then setting the sleep mode to the first delay level thereof with the sleep time controller
1563 at step 132 and entering the sleep mode at step 133. Thereafter at a suitable time
in accordance with the setting of the sleep mode, the message scanner 101 of the
receiver 10 is activated to enter the scanning mode, carrying out message scanning at
step 134 to determine if a call is coming in at step 135. If yes, set the sleep mode to the
first level again at step 1320 and the procedure jumps off to a being-all-subroutine at
1321 to pick up the incoming call. Thereafter go back to step 133 to enter the first level
sleep mode again.

If there is no incoming call is found at step 135, then read the standby
history from the standby history recorder 1562 at step 136 and increase the count of the
accumulator 1561 by one and then updating the standby history recorder at step 137.
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5 from the beginning of the standby mode, the procedure will return to step 134 to

conduct another message scanning after a suitable elapse of time determined by the
delay time set by the first delay level via a checking of outgoing call at step 142.

At step 142, if no outgoing call is detected, the routing is directed back to
step 134, otherwise it sets the sleep mode to the first level again at step 1322 and the

10 procedure jumps off to a calling-subroutine at step 143 to make the outgoing call.
Thereafter go back to step 133 to enter the first level sleep mode again.

If it is checked at step 138 that the first time zone is exceeded, then at
step 139 the system enters the second level of the sleep mode associated with the second
time zone which in the illustrated example begins from the end of the second hour of

15 the standby mode to the end of the fourth hour of the standby mode. Step 140 provides

-a checking of the exceeding of the second time zone. This step is similar to step 138
associated with the first delay level and branches to either a checking of outgoing call at
step 142 if the second time zone is not exceeded or a step of entering the third delay
level of the sleep mode (step 141) if the secbnd time zone is exceeded.

20 Step 141 is the step when the system enters the third delay level
associated with the third time zone which is the time period between the ends of the
fourth and the sixth hours of the standby mode in the illustrated embodiment. Step 141
provides a similar checking function as those of steps 138 and 140 associated with the
first and the second delay levels.

25 It is understood that the setting of the time zone and the number of the
total time zones may be different from what just described and it is intended to include
all kinds of settings of the delay levels and the time zones in the spirit of the present
invention.

An experiment with an MCA auto-scan cordless phone will be given as

30 follows to show the unbelievable power saving capability of the present invention:

1. A 10 channel, 46/49 MHz auto-scan cordless phone handset;
2. MSK data transmission scheme at speed of 1200 bps;
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savi ng sal gori t hBatRty tdpcity:c280mALltyent i on greatly cuts down the power
consunption in _scanning the incom ng signals through all the channels.
It {s ano ﬁlﬂhﬁipresent i nvention to provide a power saving

architectyre f 1| . 2ULO I . hiaSi ng a decoder
areh vect e, | Kool \adit 62, 50 vl SsdcARENGnn FHAP1L
: a. Continuous talk time: 7 hours;
. b. Continuous standby time: 20 hours; and
10 c. Response delay to ring signal: one second.

B. Conventional power saving system, as that associated with Figs. 4 and 5:

a. Continuous talk time: 7 hours;
b. Continuous standby time: 105 hours; and
15 c. Average response delay to ring signal: 1 second.
C. Enhanced power saving system of the present invention, as that associated with
Figs. 8 and 9:
a. Continuous talk time: 7 hours;
b. Continuous standby time: 298.5 hours;
20 c. Average response delay to ring signal:
i. 1 second (< 2 hours standby)
ii. 2.5 seconds (2-4 hours standby)
iii. 5 seconds (> 4 hours standby).
From the above results, it is found that the standby time can be extremely
25 prolonged from the 20 hours of the non-power saving system and the 105 hours of the
conventional power saving system to the 298.5 hours of the present invention. The

increasing is about 2-3 times of the conventional power saving system.

The only drawback is the slightly longer response delay to the first ring of
an incoming call in the second and the third time zones. However, the delay is only
30 approximately 3 ring tones (5 seconds) and it occurs only at the first incoming call after
a long standby time. Once the first ring is detected, the system is restored to the most
quick response mode so that the drawback is very minor to the end users.

It is apparent that although the invention has been described in connection




t he !

duce power consunption. her aspect of
resent invention, an MCA. auto-scan cord tecture IS
prov ded. PHR 14@83aut o- scan cordl ess phthe architecture 26.04.1994

5 nprises a decoder operating in a principle simlar to the decoder of a
pager sysmith the preferred embodiments, it is contemplated that those skilled in the art may

the central processing unit (CPU) of th I?jmgep until a
al identification code carried by the. | ﬁﬁiﬁeﬁ‘ I'S matched so as

make changes to certain features of the preferred embodiments without departing from

the spirit and scope of the invention as defined in the appended claims.




pasi.c conposition of the pager systemis as sho pager s
SPEM conpri ses a decoder 72 to determne if the sr\glmuw !!! m

g ver 71 of the pager is the one to be received b ecking
if the detected signal carries an address matching that pre-set in the
pager decBHRY14.@B%3e the received signali3matches the address of 26.04.198¢er
system the pager will enables a mcro-controller 73 to activate a beep or
a di spl ayCLAIMScording to the data pre-stored in a user interface 74 to
informthe user of the incomng signal. Simlar principle is adopted in the
MCA aut o-scan cordl ess phone architecture provided by the instant invention
that the decoder of the cordl ess phone checks the address or identification
code of other kinds carried by a signal detected by the receiver of the
phone. Once the address or identification code is accepted, the decoder
"wakes up" the sleeping CPU to proceed signal receiving.

According to a further object of the present invention, the MCA auto-scan

cor dl cos Brone has @ gbREFIlAly BOISERS ASOIACCMRUCHRT BekhP TR by
wi th the cortilesscainmonicationosystem edmprises Arecziver te sgancandrmecéivey sighdle from a
surrounding air, which receiver enters a period of a standby mode when no signal is
_ coming in to be received thereby and which is activated to scan the signals from the
: 5 surrounding air in accordance with pre-set scan rates and deactivated for a length of
; preset delay time to reduce power consumption in an alternate fashion within the
standby mode period, said power saving method comprising:
dividing the standby period into a number of sections to define a
f:orresponding number of successive time zones;
10 establishing a d'elay level for each of said time zones, each delay level
being associated with a delay time period; .
setting a scan rate for each of said'delay levels;
continuously allowing the receiver to be activated in accordance with the

delay level and the scan rate associated with the time zone where the receiver belongs to
15 establish a standby time history of the receiver;
recording the standby time history and comparing the standby time history
with the definition of said time zones to determine which time zone the receiver belongs
to; :
updating the standby time history to allow the receiver to enter the time
20 zone next to the zone that the receiver originally belongs to to scan with the scan rate
and to sleep for the delay time associated with thé next time zone when the original
time zone is exceeded; and
repeating the comparing and updating procedures until being interrupted
by an attempt to make a communication via the cordless communication system.
25 2. A method as claimed in Claim 1 wherein the standby period is divided to
- define at least three time zones of which the first one has a highest scan rate and a least

| delay time, the second one has a second highest scan rate and a second least delay time

and the third one has the lowest scan rate and the greatest delay time.
This Sheet Has Been Reﬂ aced




QG her objects and advantages of the invention will be a
followi ng description of a preferred enbodi nent taken 'Hm“ﬁmﬂmlmm”ﬂm
t he acconpanyi ng draw ngs, wherein: Fig. 1*xisca of the
suppl i ed power needed in operation by a transmtter of a general cordl ess

conmuni CEHNN4483t em ' Fige 2 is a plot of the suygnlg. eshspover
needed in operation by a receiver of a general cordless comrunication

system 3, A mefhbd as énanﬁeoamptfas.ﬂszhmreﬁ sifderebaier lsﬁfe&% fRNEMOPL i On
of both the transmtter and receiver own in Figs. 1 and 2;
Fig. 4 idime ponsiwhen thastagdpphistody fsointerrupeadchydian attanmnatmaim ay a receiver of

a conventi onal %%PBI’ savi ng conmuni cati on system Fi g. 5 Is a

pl ot shO\ﬁloﬁ‘ém{nﬁ tal power consunption of both the
4, In a multiple channel access auto-scan cordless phone system controlled

5 by central processing means, a wireless communication device comprising a decoding
device for confirmation of signals received by the phone system comprising:
receiver means for receiving signals from the phone system;
memory for storing therein an identification for each of the multiple
channels of the phone system;

10 ' checker means for comparing a code carried by the signals with the
identifications so that when the code matches with one of the identifications, an
actuating signal is generated to wake up the central processing means of the phone
system to process the received signals;

synthesizer controller which provides each of the multiple channels with a

15 given communication frequency; and -

a power saving circuit means which, when the phone system is in a
standby mode which defines a number of successive time zones, provides the phone
system with a corresponding number of different and time-based scan rates and delay
time periods associated with the time zones to allow the phone to intermittently scan

20 signal from a surrounding air in accordance with one of the scan rates and sleep for a
period of one of the delay time associated with a particular time zone.

5. A wireless communication device as claimed in Claim 4 wherein said

power saving circuit means comprises:

an accumulator for up-counting the number of signal scanning conducted
25 by the phone system; |
a standby history recorder which has the scan rates and delay time periods
built therein to allow the phone system enter the time zone next to said particular time
zone in response to the accumulator so as to change the scan rate and the delay time

et —— .

period in accordance with a counting result provided by the accumulator; and
. BQ a sleep time controller for controlling the sleeping and scanning of the
~ phone system during the standby mode in accordance with the time zones set in the

standby history recorders.

6. A power saving cordless communication system, comprising: This Sheet Has Been Re

I

aced




sm tter and receiver of the conventional power saving

e Fig. 6 is a block diagram of a convelﬁ[llﬁl“"““ilmwllul
el access Fig. 7is a di agr am of- atpayer*
em Fig. 8 is a plot of the suppl | ed power needed in

at i onppfN 34r48gei ver of an enhanced power saving conmuni catigglopygd£m in
accgrdance with the present invention;

receiver meéans for scanning an incoming signdl which comprising at least
an identification portion and an audio portion in a standby period of the system at a
scan rate and receiving the incoming signal, said standby period being divided into a
number of successive time zones and the receiver means moving from one time zones to
5 a next one with time during the standby period;
decoding means for decoding and identifying the identification portion of
the received signal;
audio and control means for processing the audio portion of the received
signal and sending out the pfocessed audio portion together with the identification
10 portion; and
| transmitter means for transmitting signals;
the improvement comprising:
said decoding means comprising identifying means for checking the
identification portion of the received signal with an identification code built in the
15 system; and
power saving means which provides said receiver means with a number of
different scan rates respectively associated with the time zones of the standby period so
as to allow said receiver means to scan incoming signals with different scan rate in

accordance with the one of said time zones which said receiver means is in.

s Sheet Has Been Reraced
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= - 9 is a plot showing the total power consunption of both the G
ghsnitter and the receiver of the enhanced power saving communi cation

€ emin accordance with the instant invention; Fig. 10 is a

&k diagram of a preferred enbodi nent of the enhanced power saving

cor§runi caPHNIN14&Y¥83 em i n accordance w t hgt he present invention;26.04.1994

Fig 11 is a block diagram of the cordl ess decoder of Fig. 10;

Fidd 12 iABSTRWA@IK di agram of the power saving circuit of Fig. 11, and
Fig 13 is a flowchart, illustrating the operatign of the power saving

i rbui t . Enfianced povier wvxngm@m&:d@adméemmmg%mﬁ@gmws dom
constructed in @'&ﬁ)?lrs Q p the present invention conprises a receiver
to ¥ecei ve 1 ncom ng <] gna s and a transmitter to send out outg0| ng signals

W|th a cordl ess el ectromagnetic |ink

An enhanced power saving method for operating a battery powered
handhold communication system, particularly a cordless phone system, and the
communication system constructed in accordance with the power saving method are
disclosed. The power saving method comprises an algorithm which divides the standby

5 time of the communication system into a scanning mode and a sleep mode of several
different levels to allow the system to enter the scanning mode intermittently. Each level
. of the sleep mode corresponds to a given length of delay time between two successive
scanning periods. The communication system enters different levels of the sleep mode
in accordance with the standby time history. The longer the standby time has passed,
10 the longer the sleep time of the level that the system may enter is to cut down the scan

rate when the system is not used for a long while.
Fig. 12.

15
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t herebetween to exchange link data with each other. The operation of the;
comuni cation systemis divided into TALK MODE TMin which both the é)
transmitter and the receiver are active to enable the receipt and

transm ssion of signals and data and STANDBY MODE SBM in which the
transmtter is deactivated to save power consunption and the receiver is
repeatedly activated and deactivatﬂ?g$n an intermttent fashion. The
STANDBY MODE period is thus furtherfdWvided into SCANNI NG MODE in which the
receiver is active for scanning the incomng signals for a given scanning
period and SUEEP MODE in which the receiver is deactivated to reduce power
consunpti on. Wth reference to the drawings and in particul ar
to Fig. 8, rein a power .supplying curve of the enhanced power saving
cordl ess c¥ ystem constructed in accordance with the present

I nventi on and n accordance with the power saving nethod of the
present inven ustrated, it is observed that the scan rate of the
recei ver bein to scan the incomng signals per unit tinme is
changing in ith the standby tinme history. Nanmely, the scan rate
is no

-t
- ™ -+ SBM :
FIG.1
Vdd
t
™ SBM
FIG.2
I 1~
T | SBM
FIG.3
B ———




nger fixed as the conventional cordl ess phone systens and is now a

i on of the standby tine. The purpose of changi ng the
rate in accordance with the standby tinme is to cut down the scan rate
t he conmuni cation systemis used |less frequently, for exanple in night
and to increase the scan rate when the comruni cation systemis used

frequently, for exanple in da?}'sma.

WL

™ . SBM

FIG4

SBM
FIG.5
6 .
67 | TR T
65 66 ;
A
%
- FIG.6
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ﬁarrple of changing the scan rate with the standby tine is illustrated
i'n Fg. 8 wherein the standby tinme is divided into different tine zones by,
for exanple, two hours, the first one being 0-2 hour, the second one 2-4
hour, the third one 4-6 and so on. In each of the time zones, a different
delay level in scanning operation is set, for exanple, in the 0-2 tine
zone, the scanning is carried out y two seconds with a 400 ns scanning
period. In the next (2-4) tine zongijbanning is conducted at every 5
seconds with thy same scanning period. The scanning is carried out at every
10 seconds for tthe third (4-6) tine zone. call is picked
up or an out goirfg ETEFEH"Ti,?Ttenpted t hdg whol e syst || be reset to
interrupt the a b proceddyre and re- stanft the delay procedure fromthe
first tinme zone. The power dqonsunpti on optained in accordance

with the above delay mjde is plotted in Fig. 9. By conparing the plot of
Fig. 9 with those of Fijgs. 3 and 4, it is observed that not only is the
power consunption integmttent, but the average fine
’ ' r"73
)
12
4 7%
2sec. 5sec. 10sec.

t

FIG.8

SBM

40mA

omA
Q4mA L1 0 | ll t
SBM |
FIG.S
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rval (delay tinme) between two successive scanning periods is also
eased. This indicates a further reduction in overall power consunption.
______ nti oned herei nbefore, an application of the enhance power saving
“fet¥od of the instant invention is to enbody in an MCA auto-scan cordl ess
phofe. This is illustrated by an enbodi nent shown in Fig. 10. The phone
system shown in Fig. 10 conprlses a ei ver 10, an audi o-and control
device 11, a transmtter a synt‘ﬂggzer 13, and a nultipl exer or

dupl exer. 14. To |ncrqu h en the base and the handset
(both not,ghown ower consunption, a

cordl ess weer +£Re receivgr and the audi o and
control d atled in accordance with a
principle ,ften1for checking if the
address or ed i ncom ng signal match

a built-in system Only when the

inconing afd the b%i i sepapatch| | ' ng
_11
- ____3_:______,- FI16.10
i ,._--.r’.51., . N |
=iT----- b ----;_-----rj ™15
:_1 ]
| IO —
154 [
= e B e e Og
D I
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l FIG.1
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E !
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sf%nal sent to the audio and control device 11 and then applied to the
transn1tter after being processed. The circuit of the
cordl ess decoder 15 is shown in Fig. 11, which conprises an MSK receiver
151 operated in accordance with the mninmumshift keying (MSK) principle, a
system address nenory 152, an address checker 153, a synthesizer controller
154, a CPU interface 155, and a pomqsé aving circuit 156. "When t he signal
comng to the systemis received by MBK receiver 151, the address

carried by the signal is cpms tﬁe system address built in the nenory
152 by the address

-
m
1%
Y .
\
<1 1320
13 1

371

_Gua  FIG13
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checker 153. Once the two addresses match, the CPU interface 155 wi Mptshe s
woken -yp to receive the incoming signals, data or commands. The synthesi zer
controller 154 is to programthe synthesizer 13 shown in Fig. 10 to
different frequencies associated with different channels of the MCA
aut o- scan cordl ess phone systemin order to receive and/or check the

signals in al Q?p%} f t hough . t

co?dl ess dec E ??: ﬁ%%)l e"éen'. |nven |°(1)dn mmuw&r.éo[negs@ JJ& ‘@Hﬂe
simlar to thelnnmﬁnicdt'mnlsymm thergof systens, it is iunderwst!(wd that sgheyﬂ ar ega
different in that: (1) the pager is amfone; _‘

devi ce while the cordl ess phone is a bi-directiondl W omy |ca'r,ri

equi pnent ; (2) the pager decoder onlry weed
fixed frequency and thus no synthesizer controll er i-_-,;e, egul; f‘ Wn.‘l A

MCA aut o-scan cordl ess phone has to scan a nunber of frequency Winnel% “aﬂﬂ ---- |

t hus needs a synthesiz contralle The
consunption of the e[éﬁp&esgx&tdnv%pa F@é@s gensly E’i %B%‘F?‘!@i’@ %‘%@iﬁ’yﬂ‘ l
system for t henif@sitatidnsystedn) YRH ds' 6018186 phdNe sydién Wa%éﬁltesﬁiﬁﬂe system,

' and in particular to an enhanced power saving method for operating the battery powered

communication system in an enhanced power saving standby mode in which the receiver
of the communication system changes the scan rate as a function of the standby time
and enters a sleep mode if no incoming signal is received or no outgoing signal is
transmitted in order to save the power consumed by the receiver.

The invention is also directed to an enhanced power saving cordless
communication system which comprises a controller to change the scan rate of the
receiver as a function of the standby time in order to save the power consumed in the
standby duration.

Prolonging the standby time of a battery powered cordless communication
system, especially a handhold cordless communication system, is a challenge to the
communication industry. A handhold cordless communication system comprises in
general a receiver for incoming signals and a transmitter for outgoing signals. For a
conventional handhold cordless communication system, its operation is divided as a talk
mode TM in which both the receiver and the transmitter are active and a standby mode
in which the transmitter is inactive with the power supplied thereto completely cut off
and the receiver remains active to scan incoming sxgnals from the surroundmg a1r

For a conventional cordless phone system, the power consumptions- of the ;
transmitter and the receiver thereof are respectively illustrated in Figs. 1 and 2 of the
attached drawings. As illustrated in Fig. 1, the transmitter consumes no power at all
under the standby mode. However, as shown in Fig. 2, the receiver. takes the same
amount of power under both the talk mode and the standby mode to maintain itself
active. As a result, the overall system power consumption of the conventional handhold

cordless communication system is generally the sum of those of Figs. land 2 and is as

'y
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cordl ess phone has to scan a nunber of frequency channels
power saving feature is extrenely inportant in the MCA aut
phone system As a consequence, the pager system nmay not n

O

e to enter
SLEEP MODE, nanely both the receiver and the transmtter afej offg @t 4996i n
the cordl ess phone, power saving algorithmis w dely adoptkd )
Due to these differences between the pager decoder and the
used in the illustrated in Figedti on, they are substantially diffkrent

br-e-ess—decoder

ot erence numeral 156 AhERREEh FELT, 3 4080 gt e i uRIR e, Yo

i nventi on anghewrdnsmitter dad elid Restvar donsumd power; avhile ifritigesstandBy anslie] Snigfthé he

dr awi ngs.

The power  saving circuif 156 cgontrols the eratlon
REPLACENVENT ISogingr takes powgr to maintain ac?xve. Since th 4 10 b

e receiver ¢ maintained active,
power supplied thereto cannot be cut off. Such a system requires quite a power
consumption to maintain the receiver active all the time. Since the incoming signals are
coming in a random fashion, maintaining the receiver active is quite a loss in the point
of view of power-saving.

Another type of the handhold cordless communication system uses
software algorithm to control the power supply. In a communication system of this
kind, the power supply to the transmitter is the same as previously discussed, namely
only in the talk mode. However, the power supply to the receiver is made intermittent,
as shown in Fig. 4. |

In such a kind of communication system illustrated in Fig. 4, the standby
mode comprises a scanning mode when the receiver is active to scan incoming signals -
and a sleesp mode when the receiver is deactivated and the power supplied thereto is
completely cut off. In the scanning mode, the receiver is powered to scan incoming
signals from the surrounding air within a predetermined period and once no incoming
signal is detected in this pre-determined period, the power is shut down and the receiver
enters the sleep mode. The receiver will sleep for a given fixed sleeping period and then
activated to enter the scanning mode again. This procedure will be continuously
repeated unless a call is made. Apparently, the power is completely cut off to both the
receiver and the transmitter under the sleep mode. Normally, the scanning period,
namely the pre-determined period within which the receiver is activated to scan
incoming signals, is approximately 1/5 or 1/10 of the sleeping period of the sieep mode
which as can be understood is the time interval between two successive scan modes.

In the above-mentioned conventional power saving communication system,
the scan rate, which is used herein to denote the number of the scan modes occurring in
a given length of time in the standby mode, is fixed. This kind of system does provide a
significant reduction in the overall power consumption, which is illustrated in Fig. 5.

The conventional power saving communication system, although effective
in cutting down power consumption, still wastes a great amount of power in the standby
mode, especially in night time during which the communication system is generally not



9 of the CPU interface 155 to have the CPU fol |l ow the del ay
scanni,ng inconm ng signals as described herein. In other worgsp
the systemw ||l be intermttently deactivated during the STAN

save power and the length of the deactivated tinme of the CPU Will change 11
accordance with the standby tine of the sy%t’em Arﬂ@xlmphﬁéof'
formin Fig.

t he power savsipag, circuit 156.is illustrated in a block diagfa
12, in whi chUseddotdYery Jong - 155 and a nessage scanner 10l of the

recei ver 10 are al so qué%é)%};iégg%ﬁBﬂh@‘ibv&b?mﬁﬂr%hgll}%gﬂg

The power saving circult rirse an accunul at , st andby
hi st ory r ecohahdholdx®Mmmunicatios Isystem theypoeentonshinptior B61B be Bubjéetrtalal moret he

accunul ator 1561 is .an up.counter tgQ count the nunber .that jhe receiver 10
carries out iqvﬁﬁaﬁes@&g i TS ?1"5”?)5& Fa}ﬂ%&% 1Sy gjestred to Rindic'the' mbre sévere
requirement of power consumption for the battery powered handhold cordless

en.

communication systems.

In the current cordless phone market, one of the most advanced systems is
the so-called multiple channel access (MCA) auto-scan cordless phone which comprises
a base powered by an external power source and a battery powered handset with a
multiplicity of electromagnetic link channels connecting between these two parts. The
MCA auto-scan cordless phone, as implied by the name, scans all of the multiple link
channels to seek and establish the best communication between the base and the handset.

To meet the requirement of the end users, the MCA auto-scan cordless
phone system has to provide a fast but power saving link between the base and the
handset to meet the PTT regulation and to prolong the overall operation time that the
battery set of the handset can provide. To be fast, a high data rate of communication
should be established between the base and the handset and, as known to the art, the
PTT regulation should be followed regarding the data rate. The requirement of high
data rate can be resolved by using high speed modulating/demodulating techniques, such
as 1200 or 2400 bps (baud per second) modem chips. An example of the known circuit
which adopts the high speed modulating/demodulating technique is illustrated in Fig. 6
which is proposed by SONY company. The circuit in Fig. 6 comprises a
modulating/demodulating means with the speed of 1200 bps 61 to process the signals
communicated between the base and the handset, an MSK modem. The signals after

' modulation/demodulation are transmitted by a transmitter 63 via a audio control means
62. In standby mode, the receiver 64 scans the signals of the multiple channels with a
fixed scanning rate. Further shown are a duplexer 65, a synthesizer 66, and an antenna
67, voice V, and data D, signals being present.

Although the high speed modulating/demodulating technique provides a
high data rate, the power saving problem is still not overcome. The power saving
problem is very severe for the MCA auto-scan cordless phone, for (I) it is powered by a
limited battery power source and (2) it takes a great amount of power to scan all the
channels continuously. The conventional power saving algorithm as discussed



sequence is recorded in the standby history recorder 1562. Th&ERbAGEMENTEREET
and the associated scan rate are pre-built in the standby hifstjory TE€TOr der |
1562. Once the count in the accunul ator 1561 reaches the upger Ih@'éc?fw '
delay level, the standby history recorder 1562 will be trigderied to-ent
the next delay level. Further shown is a rgeset- OR-gate 121, suppty+hrg-a .
reset signal Res, on outgoing call OCA and incom ng call |CA -
The sl eep t ihareiabeforeohdseheed Widely asedto edolvethe Poaep pobldnPko G 6 ?%{35,,2” T
The procedurtﬁ Ofﬁ%@:ftﬂinﬂg t he sl eggb%dgﬁwi || be described with referencé€ to
the flow chaff % ¥itie pravi 9 datterysek g discussed previoyslposichizat t he
fl ow chart el ' : R t.0. 1t 1.t he scope
of the pr es?&ﬂﬁ?lﬁ{/og%ﬁ%\ﬁelr%bﬁg Ugoft ﬁo,&s%ghgﬁmf%&?ﬁ@?gﬁl sllgfs 4%&%1?/ em
starts with haveijarmoreadffertive powe tsaying Sfetlrodctot furthersprolong ghé bandyetpe tiaga t 0
the first del evel thereof with the sleep tine controller 1563 at step
132 and ente€ 8’#8%?’5?3 ®rpde at step 133. Thereafter at a suitable time
in accordance with the setting of the sleep node, the nmessage scanner 101
of the receiver 10 is activated to enter the scanning node, carrying out
nmessage scanni ng at :

It is therefors an object of the present invention to provide a power saving

method for a battery powersd communication system, which method greatly cuts down
the power consumption of the receiver of the battery powered communication system
during the standby mode by changing the incoming signal scan rate as a function of the
standby time history.

In accordance with a first aspect of the present invention, a power saving
method for a cordless communication system, especially a battery powered cordless
phone, is provided. According to the proposed power saving method, the scan rate is n.o
longer fixed and changes as a function of the standby time. This provides a more
efficient utilization of the bastery power, especially during the time when the phone is
used less frequently, for example in the night time. The scan rate is gradually lowered
down step by step with the standby time when the phone is not operated for a long
while and the system will be restored to the original scan rate once a call is coming in
or an outgoing call is attempted. As compared with the conventional fixed scan rate
method, the present method does provide a better way in saving the battery power.

It is also an object' of the present invention to provide an enhanced power
saving architecture for an MCA auto-scan cordless phone system which by adopting the
power saving algorithm of the present invention greatly cuts down the power -
consumption in scanning the incoming signals through all the channels.

It is another object of the present invention to provide a power saving
architecture for an MCA autoscan cordless phone, comprising a decoder circuit which
aliows the central processing unit (CPU) of the phone to "sleep” until a special
identification code carried by the incoming sigﬁ'al is matched so as to reduce power
consumption.

According to another aspect of the present invention, an MCA auto-scan
cordless phone architecture is provided. The MCA auto-scan cordless phone architecture



step 134 to determine if a call is comng in at step 135. If yes, set the
sl eep node to the first level again at step 1320 and the procedure junps
off to a being-all-subroutine at 1321 to pick up the incom ng call
Thereafter go back to step 133 to enter the first |evel sleep npbde again

If there is no incomng call is found at 8tep 135, then read the standby
history fromthe standby history recorder 1562 at step 136 and increase the
count of th@orammd;s@&rmnng’ubaepr@mletﬁ@ﬂ%&j@ﬁ@@o@ﬁ@f@tmwgysmtory

recorder atrff gpgd ddmposition of the pager system is as shown in Fig. 7. The pager system 10
comprises a decoder 72 to determine if the signal received by a receiver 71 of the pager
is the one to be received by the pager by checking if the detected signal carries an
address matching that pre-set in the pager decoder. Once the received signal matches
the address of the pager system, the pager will enables a micro-controller 73 to activate
a beep or a display 75 according to the data pre-stored in a user interface 74 to inform
the user of the incoming signal. Similar principle is adopted in the MCA auto-scan
cordless phone architecture provided by the instant invention that the decoder of the
cordless phone checks the address or identification code of other kinds carried by a
signal detected by the receiver of the phone. Once the address or identification code is
accepted, the decoder "wakes up" the sleeping CPU to proceed signal receiving.

According to a further object of the present invention, the MCA auto-scan
cordless phone has a receiver to scan and receive signals from the surrounding air
operated by a scanning procedure programmed in accordance with the enhanced power
saving algorithm of the present invention.

" Other objects and advantages of the invention will be apparent from the
following description of a preferred embodiment taken in connection with the
accompanying drawings, wherein:

Fig. 1 is a plot of the supplied power needed in operation by a transmitter
of a general cordless communication system;

Fig. 2 is a plot of the supplied power needed in operation by a receiver of
a general cordless communication system;

Fig. 3 is a plot showing the total power consumption of both the
transmitter and receiver shown in Figs. 1 and 2; '

~ Fig. 4 is a plot of the supplied power needed in operation by a receiver of
a conventional power saving communication systém;

Fig. 5 is a plot showing the total power consumption of both the
transmitter and receiver of the conventional power saving communication system ;

Fig. 6 is a block diagram of a conventional multiple channel access
(MCA) auto-scan cordless phone system; REPLACEMENT SHEET
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whi ch i.s associated with the first delay |evel and whic d “HBETh

The first-delay level is continuously maintained until | Wr@téé@bf reTZone

0-2 hour in the illustrated enbodi nent is ended or an outfgoi ng call |sm%

made. This is checked at step 138. If the standby tine jes‘[lmocquﬁd t he
e

limt of the first time zone, nanely 2 hours fromthe bedi nning of t

st andby node, the proggduf. ' . r .tojco ' not her
nmessage scanni ng afterﬁﬁél’;lgiatvna{%%ke&lgééﬂggf%Pﬁée?%xgtgéfer i ned by the del ay
time set by the firstFigelgay aLfﬂdl%f tée Bupplicd gien @edded Gt loperation ®@lal reddivért P
142. _ At step 142, if no outgoing call is detected, the
routing is @nreabancgd Pawer saying eommuuicatinn sysigmsia accordance with the pregentode to
the first Iq){‘%ltn-a‘g.ain at step 1322 and the procedure junps off to a

cal ling-subroutine at step 143 to nake the outgoing call. Thereafter go
back to step 133 to eRige® ishepldt showingtheltotal pewemembsumption .of both the

If it is checked, at step 138 th the first tine zone is exceeded, then at
step 139 thé@?@’ct@ﬁ]a@ﬁ&nﬂ@r@cﬂﬁ%" %téesﬁahans POWET $XINSGOTUBUNHEAHON SYSIER Wt ed

wth the Se%@é&dﬁie@"wiﬁp it inventibhe i1l ustrated exanpl e begins fromthe

end of the second hour o
Fig. 10 is a block diagram of a preferred embodiment of the enhanced

power saving communication system in accordance with the present invention;

Fig. 11 is a block diagram of the cordless decoder of Fig. 10;
Fig. 12 is a block diagram of the power saving circuit of Fig. 11; and
Fig. 13 is a flow chart illustrating the operation of the power saving

circuit,

An enhanced power saving communication system constructed in
accordance with the present invention comprises a receiver to receive incoming signals
and a transmitter to send out outgoing signals with a cordless electromagnetic link
therebetween to exchange link data with each other. The operation of the
communication system is divided into TALK MODE TM in which both the transmitter
and the receiver are active to enable the receipt and transmission of signals and data and
STANDBY MODE SBM in which the transmitter is deactivated to save power
consumption and the receiver is repeatedly activated and deactivated in an intermittent
fashion. The STANDBY MODE period is thus further divided into SCANNING MODE
in which the receiver is active for scanning the incoming signals for a given scanning
period and SLEEP MODE in which the receiver is deactivated to reduce power
consumption. ' ' |

With reference to the drawings and in particular to Fig. 8, wherein a
power supplying curve of the enhanced power saving cordless communication system
constructed in accordance with the present invention and operated in accordance with
the power saving method of the present iﬁvention is illustrated, it is observed that the
scan rate of the receiver being activated to scan the incoming signals per unit time is
changing in accordance with the standby time history. Namely, the scan rate is no



t he standby node to the end of the fourth hour of the stja B %@l%‘@“ﬂ '
140 provides a checking of the exceeding of the second t}ine zone. This step
is.simlar to step 138 associated with the first delay llevel 18ngCPrio9ghes

to either a checking of outgoing call at step 142 if thg decond tine zope

is not exceeded or a step of entering the #hird delay | dve _
node (step 141) if the second tine zone is exceeded. Step 141
is the step langer fiked asythe snnventional cotdiess fphone sistemys dndvisInowsa functiore df thet h
the third ti one which i's the time period between the ends of the fourth
and the sixt ﬁémf)‘f the standby node in the illustrated enbodi ment. Step
141 provides a sim | arTHehifrfsose Gff i M)ﬁ
associated with the first and thgﬂgg%%g;giemﬁggcgﬁaﬁ%ﬂﬁ&h@% Pt
under st ood t isdte cuhdowethe segn saterwhentthercommuaication systemmisntsed less freiquently; for

ot ude ol 1t 8 highf R, A8 ihRhes B sedtER ARG TR DuiGaoR SERER s ¢ e
spirit of thasedrmorerfrequemby)tforexample in day time. An experinent with an MCA
aut o-scan cordl ess phone will be given as

(0.

An example of changing the scan rate with the standby time is illustrated
in Fig. 8 wherein the standby time is divided into different time zones by, for example,
two hours, the first one being 0-2 hour, the second one 2-4 hour, the third one 4-6 and
so on. In each of the time zones, a différent delay level in scanning operation is set, for
example, in the 0-2 time zone, the scanning is carried out every two seconds with a 400
ms scanning period. In the next (2-4) time zone, scanning is conducted at every 5
seconds with the same scanning period. The scanning is carried out at every 10 seconds
for the third (4-6) time zone. Once an incoming call is picked up or an outgoing signa.l.
is attempted, the whole system will be reset to interrupt the above procedure and re-
start the delay procedure from the first time zone.

The power consumption obtained in accordance with the above delay
mode is plotted in Fig. 9. By comparing the plot of Fig. 9 with those of Figs. 3 and 4,
it is observed that not only is the power consumption intermittent, but the average time
interval (delay time) between two successive scanning periods is also increased. This
indicates a further reduction in overall power consumption.

As mentioned hereinbefore, an application of the enhance power saving
method of the instant invention is to embody in an MCA auto-scan cordless phone. This
is illustrated by an embodiment shown in Fig. 10. The phone system shown in Fig. 10
comprises a receiver 10, an audio and control device 11, a transmitter 12, a synthesizer
13, and a multiplexer or duplexer 14. To increase the data rate between the base and
the handset (both not shown) of the phone system and to reduce power consumption, a
cordless decoder 15 is connected between the receiver and the audio and control device.
11. The cordless decoder 15 is operated in accordance with a principle similar to that of
a well-known pager system for checking if the address or identification code carried by
a detected incoming signal match a built-in address or identification code within the

system. Only when the incoming and the built-in addresses match, is the incoming
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follows to show the unbelievabl e power saving capability}o

I nvention: EXPERI MENT CONDI TI ON: 1. A 10 channel, 46/ #9] MHz aut o- scan
cordl ess phone handset:; 2. MSK data transnission schenp 8t0 Q63 109%f
1200 bps; . ~
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signal sent to the audio and control device 11 and then applied to the transmitter after
being processed.

| ‘The circuit of the cordless decoder 15 is shown in Fig. 11, which
comprises an MSK receiver 151 operated in accordance with the minimum shift keying
(MSK) principle, a system address memory 152, an address checker 153, a synthesizer
controller 154, a CPU interface 155, and a power saving circuit 156. When the signal
coming to the system is received by the MSK receiver 151, the address carried by the
signal is compared to the system address built in the memory 152 by the address
checker 153. Once the two addresses match, the CPU interface 155 will be woken up to
receive the incoming signals, data or commands. The synthesizer controller 154 is to
program the synthesizer 13 shown in Fig. 10 to different frequencies associated with
different channels of the MCA auto-scan cordless phone system in order to receive
and/or check the signals in all the channels of the system.
. Although the cordless decoder 15 of the present invention is operated with
a principle similar to that of the known pager systems, it is understood that they are '
different in that: '

(D the pager is an one-way communication device while the cordless
phone is a bi-directional communication equipment;

(2) the pager decoder only needs to detect one fixed frequency and thus
no synthesizer controller is required, while the MCA auto-scan cordless phone has to
scan a number of frequency channels and thus needs a synthesizer controller; and

(3) The power consumption of the MCA auto-scan cordless phone is much
greater than pager system for the pager has a fixed frequency and the MCA auto-scan
cordless phone has to scan a number of frequency channels and thus the power saving
feature is extremely important in the MCA auto-scan cordless phone system. As a
consequence, the pager system may not need to enter SLEEP MODE, namely both the
receiver and the transmitter are off, while in the cordless phone, power saving
algorithm is widely adopted.

Due to these differences between the pager decoder and the cordless
decoder used in the instant invention, they are substantially different in the operation.

The power saving circuit, which is denoted by reference numeral 156 in
Fig. 11, is a major feature of the present invention and will be described with reference
to Figs. 12 and 13 of the drawings. The power saving circuit 156 controls the opération
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3. Scanning time for all 10 channels: 400 Ms; 4. Po

TALK MODE: 40 mA; 10 OCT 1996 5. Powery ¢onsunption 1)
SCANNI NG MODE: 14 mA; 6. Power consunption in SLEEP 10 0BT 396k 7.
Battery capacity: 280 mA hr. EXPERI MENT RESULTS. A. Non pcwer savi ng
system as that associated with Figs. 1-3: 9 a. Conti udrus—t-a-l-k -t me:
7 hours; b. Continuous standby tinme: 20 hours; and

Response del &f theyCPUnigterfagedfs ta havestbe GRU chlow the@istayemode
system as t g&tnaﬁsﬁocfé&&}beg nhdid! 1 Stfer wordS %th’ CPU of the system GArbe nuous talk

time: 7 hour
intermittently deactivated during the STANDBY MODE to save power and the length of

the deactivated time of the CPU will change in accordance with the standby time of the
system. o

An example of the power saving circuit 156 is illustrated in a block
diagram form in Fig. 12, in which the CPU interface 155 and a message scanner 101 of
the receiver 10 are also shown for illustrating the relationship therebetween. The power
saving circuit 156 may comprise an accumulator 1561, a standby history recorder 1562
and a sleep time controller 1563. Preferably, the accumulator 1561 is an up counter to
count the number that the receiver 10 carries out signal scanning in a period. The delay
sequence is recorded in the standby history recorder 1562. The delay time and the
associated scan rate are pre-built in the standby history recorder 1562. Once the count
in the accumulator 1561 reaches the upper limit of a delay level, the standby history
recorder 1562 will be triggered to enter the next delay level. Further shown is a reset-
OR-gate 121, supplying a reset signal Res, on outgoing call OCA and incoming call
ICA.

The sleep time controller 1563 is to set the sleep mode SLM of the
system. The procedure of setting the sleep mode will be described with reference to the
flow chart shown in Fig. 13. However, it should be understood that the flow chart of
Fig. 13 is only an example and by no means to limit the scope of the present invention.

As shown in Fig. 13, the system starts with an initialization step 131 and
then setting the sleep mode to the first delay level thereof with the sleep time controller
1563 at step 132 and entering the sleep mode at step 133. Thereafter at a suitable time
.in accordance with the setting of the sleep mode, the message scanner 101 of the
receiver 10 is activated to enter the scanning mode, carrying out message scanning at
step 134 to determine if a call is coming in at step 135. If yes, set the sleep mode to the
first level again at step 1320 and the procedure jumps off to a being-all-subroutine at
1321 to pick up the incoming call. Thereafter go back to step 133 to enter the first level
sleep mode again.

If there is no incoming call is found at step 135, then read the standby
history from the standby history recorder 1562 at step 136 and increase the count of the
accumulator 1561 by one and then updating the standby history recorder at step 137.



b. Continuous standby time: 105 hours; and c. Average response del ay
to ring signal: 1 second. C Enhanced power saving system of the present
i nyention, as that associated with Figs. 8 and 9: a.
Continuous talk tine: 7 hours; b. Continuous standby time: 298.5
hour s; c. Average response del ay tolling signal: . 1 second
(< 2 hours st andby) ii. 2.5 seconds (2-4 hours standby) bii.

5 seconds (>The ﬁ&;rdglaytlmﬂbwonunuously maintained-uatih thé: first timeczoneswhicls js it i s

the non. pove?eabER sl e s ey uct 306 WY 1 R RRER S DR i oy *

savi ng syst efllustrated emB8dinfenhislended br aM GuiRbRipadall is MadB! TR is EhRked &t K&FH1 N9
is about 2-3 tinmes of the conventional power saving _system

The only dr aktfhdk thesstandby Jimeydeasynot gxeged thalimisnfdhey @rﬁmq)zqme namely2 houry
of from the beginning of the standby mode, the procedure will return to step 134 to

conduct another message scanning after a suitable elapse of time determined by the
delay time set by the first delay level via a checking of outgoing call at step 142.

At step 142, if no outgoing call is detected, the routing is directed back to
step 134, otherwise it sets the sleep mode to the first level again at step 1322 and the
procedure jumps off to a calling-subroutine at step 143 to make the outgoing call.
Thereafter go back to step 133 to enter the first level 'sleep mode again.

If it is checked at step 138 that the first time zone is exceeded, then at
step 139 the system enters the second level of the sleep mode associated with the second
time zone which in the illustrated example begins from the end of the second hour of
the standby mode to the end of the fourth hour of the standby mode. Step 140 provides
a checking of the exceeding of the second time zone. This step is similar to step 138
associated with the first delay level and branches to either a checking of outgoing call at
step 142 if the second time zone is not exceeded or a step of entering the third delay
level of the sleep mode (step 141) if the second time zone is exceeded.

Step 141 is the step when the system enters the third delay level
associated with the third time zone which is the time period between the ends of the
fourth and the sixth hours of the standby mode in the illustrated embodiment. Step 141
provides a similar checking function as those of steps 138 and 140 associated with the
first and the second delay levels.

It is understood that the sétting of the time zone and the number of the
total time zones may be different from what just described and it is intended to include
all kinds of settings of the delay levels and the time zones in the spirit of the present
invention.

An experiment with an MCA auto-scan cordless phone will be given as
follows to show the unbelievable power saving capability of the present invention:
EXPERIMENT CONDITION:

1. A 10 channel, 46/49 MHz auto-scan cordless phone handset;
2. MSK data transmission scheme at speed of 1200 bps;
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an incomng call in the second and the third tinme zones. However, the del ay
Is only approximately 3 ring tones (5 seconds) and it occurs only at the
first incomng call after a long standby tine. Once the first ring is
detected, the systemis restored to the nost quick response nbde so that

the drawback is very ninor to the end userd. EPLACEMERT SprE
t hat althoug3h the invention has been described in connectionﬁ LAG HEFT
14

* I

Scanning time for all 10 channels: 400 ms; =
Power consumption in TALK MODE: 40 mA; 10 OCT 1996
Power consumption in SCANNING MODE: 14 mA;

Power consumption in SLEEP MODE: 0.4 mA; and
. Battery capacity: 280 mA.hr.

EXPERIMENT RESULTS:
A. Non-power saving system, as that associated with Figs. 1-3:

N w s

a. Continuous talk time: 7 hours;
b. Continuous standby time: 20 hours; and
c. Response delay to ring signal: one second.
B. . Conventional power saving system, as that associated with Figs. 4 and 5:

a. Continuous talk time: 7 hours;

b. Continuous standby time: 105 hours; and

c. Average response delay to ring signal: 1 second.
C. Enhanced power saving system of the present invention, as that associated with

Figs. 8 and 9:

a. Continuous talk time: 7 hours;

b. Continuous standby time: 298.5 hours;

¢. Average response delay to ring signal:

i. 1 second (< 2 hours standby)

ii. 2.5 seconds (2-4 hours standby)

iii. 5 seconds (> 4 hours standby).

From the above results, it is found that the standby time can be extremely
prolonged from the 20 hours of the non-power saving system and the 105 hours of the
conventional power saving system to the 298.5 hours of the present invention. The
increasing‘ is about 2-3 times of the conventional power saving system.

The only drawback is the slightly longer response delay to the first ring of
an incoming call in the second and the third time zones. However, the delay is only
approximately 3 ring tones (5 seconds) and it occurs only at the first incoming call after
a long standby time. Once the first ring is detected, the system is restored to the most
quick response mode so that the drawback is very minor to the end users.

It is apparent that although the invention has been described in connection



12 with the preferred enbodiments, it is contenplated that those skilled
in the art may nake changes to, certain features of the preferred
enbodi rents wit hout departing fromthe spirit and scope of the invention as

defined in the appended cl ains. [err]
13 CLAI MB:

12

with the preferred embodiments, it is contemplated that those skilled in the art may
make changes to certain features of the preferred embodiments without departing from
the spirit and scope of the invention as defined in the appended claims.
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10 OCT 1996 1. A power saving nethod for a cordummlunlmmuum .

comuni cati on system wherein the cordl ess conmmuni cation sys :
receiver to scan and receive signals froma surrounding air, whi ch receiver
enters a period of a standby node when no $3gnal is comng in to be
received thereby and which is activated to scan the signals fromthe
surroundi ng &LAIMSiaccordance with pre-set scan rates and d
| ength of preset delay time to reduce power consunption in
fashion within the standby node period, said power saving
conpri si ng: di viding the standby period into
sections to define a correspondi ng nunber of successive ti

t jod
rf‘;gﬁ@;p% 199

1. A power saving method for a cordless communication system wherein the
cordless communication system comprises a receiver to scan and receive signals from a
sun'oﬁnding air, which receiver enters a period of a standby mode when no signal is
coming in to be received thereby and which is activated to scan the signals from the
surrounding air in accordance with pre-set scan rates and deactivated for a length of
preset delay time to reduce power consumption in an alternate fashion within the
standby mode period, said power saving method comprising:

dividing the standby period into a number of sections to define a
corresponding number of successive time zones; |

establishing a delay level for each of said time zones, each delay level
being associated with a delay time period; '

setting a scan rate for each of said delay levels;

continuously allowing the receiver to be activated in accordance with the
delay level and the scan rate associated with the time zone where the receiver belongs to
establish a standby time history of the receiver;

recording the standby time history and comparing the standby time history
with the definition of said time zones to determine which time zone the receiver belongs
to; o

updating the standby time history to allow the receiver to enter the time
zone next to the zone that the receiver originally belongs to to scan with the scan rate
and to sleep for the delay time associated with the next time zone when the original
time zone is exceeded; and

repeating the comparing and updating procedures until being interrupted
by an attempt to make a communication via the cordless communication system.
2. A method as claimed in Claim 1 wherein the standby period is divided to
define at least three time zones of which the first one has a highest scan rate and a least
delay time, the second one has a second highest scan rate and a second least delay time
and the third one has the lowest scan rate and the greatest delay time.



establishing a delay |evel for each of said tinme zones, each del
bei ng associated with a delay tinme period; setti nmaiﬁﬂmlfﬂm‘
for each of said delay |evels; continuously all o
receiver to be activated in accordance with the delay | evel and the scan

rate associated with the tine zone where tfie recei ver belongs to establish

a standby ti hi story of the recgeiver; . . ..recording the standby
time hi storyf:nd conpdy Method J& ¢ 'ﬁ%ﬂyqq"ﬁez Whesely said\recRiven is gaatitaths Brst of
sai d time ZQ{Rs 76k WREPHE SRV histor) i ' gs to;

updating the stgndby tx?rre sﬁs%ry tr%) lgaTF’itowt e%ggﬁ%gyﬁ?oﬁgﬁ?{]er the tine
zone next- t ccomimumeationt hat t he receiver originally belongs to to scan with

e Scan rate and (o 5 SoRulels chlfel Shal Ll 0 Stk e ©1 ™
the conpari ngy, gdntrallprbbdsitg eSS4l Wikkfess! BbmmuRRAAEh HEVIQ EdprRthgly dadbdfgt enpt
to make a cormuni cation via the cordl ess conmuni cati on system

device for confirmation of signals received by the phone system comprising:

receiver means for receiving signals from the phone system;

memory for storing therein an identification for each of the multiple
channels of the phone system;

checker means for comparing a code carried by the signals with the
identifications so that when the code matches with one of the identifications, an
actuating signal is generated to wake up the central processing means of the phone
system to process the received signals;

synthesiier controller which provides each of the multiple channels with a
given communication frequency; and '

a power saving circuit means which, when the phone system is in a
standby mode which defines a number of successive time zones, provides the phone
system with a corresponding number of different and time-based scan rates and delay
time periods associated with the time zones to allow the phone to intermittently scan
signal from a surrounding air in accordance with one of the scan rates and sleep for a
period of one of the delay time associated with a particular time zone.

5. A wireless communication device as claimed in Claim 4 wherein said
power saving circuit means comprises: _

an accumulator for up-counting the number of signal scanning conducted
by the phone system;

a standby history recorder which has the scan rates and delay time periods
built therein to allow the phone system enter the time zone next to said particular time
zone in response to the accumulator so as to change the scan rate and the delay time
period in accordance with a counting result provided by the accumulator; and

a sleep time controller for controlling the sleeping and scanning of the
phone system during the standby mode in accordance with the time zones set in the
standby history recorders.

6. A power saving cordless communication system, comprising:| REPLACEMENT & o=

10 OCT 1996

e —————————



2. A nmethod as claimed in Claim1 wherein the stan ' '
divided to define at least three tine zones of which the fir Ii“ﬁ tm"m””“l
hi ghest scan rate and a least delay tine, the second one has i sk
hi ghest scan rate and a second | east delay tinme and the third one has the

| owest scan rate and the greatest delay tine.

14 3. A nethod as clained in Claim2 wherein said receiver is
reset to the first time zone when the stangpy history is interrupted by an
attenpt to make a

receiver means for scanning an mcomlng signal which comprising at least
an identification portion and an audio portion in a standby period of the system at a
scan rate and receiving the incoming signal, said standby period being divided into a
number of successive time zones and the receiver means moving from one time zones to
a next one with time during the standby period;

decoding means for decoding and identifying the identification portion of
the received signal;

| audio and control means for processing the audio portion of the received

signal and sending out the processed audio portion together with the identification
portion; and

transmitter means for transmitting signals;

the improvement comprising:

said decoding means comprising identifying means for checking the
identification portion of the received signal with an identification code built in the
system; and

power saving means which provides said receiver means with a number of
different scan rates respectively associated with the time zones of the standby period so
as to allow said receiver means to scan incoming signals with different scan rate in

accordance with the one of said time zones which said receiver means is in.

REPLACEMENT SHEET

10 OCT 1996 ’
|




comuni cation. 4. : In a nultiple channel access auto-scan cordl ess
phone systemcontrolled by central procéssing neans, a wireless
comuni cation device conprising a decoding device for confirmation of

signals received by the phone system conpri sing: receiver
means for receiving signals fromthe phone system menory for
storing therein an identification for each of the nultiple channels of the
phone system checker neans tor conparing a code carried by

the signals with the identifications so that when the code matches with one
of the i dentABSIRACEhs, an actuating signal is generated to wake up the

central progessiig mg 3%\{?{% afhoB 18P ﬁ?@é?{dﬁ@n&ﬁ?@ﬁ%%Séﬁ%ﬁ%ﬁ h%l?‘dilnf d

si gnal s; sl zer con provi des eac

mul tipl e chzomatuniocatibin systegn Wessegfonmuni cati on frequency; and a
power saving circuit nmeans which, when the phone systemis in a standby
node whi ch defines a nunber of successive tine zones, provides the phone

An enhanced power saving method for operating a battery powered
handhold communication system, particularly a cordless phone system, and the
communication system constructed in accordance with the power saving method are
disclosed. The power saving method comprises an algorithm which divides the standby
time of the communication system into a scanning mode and a sleep mode of several
different levels to allow the system to enter the scanning mode intermittently. Each level
of the sleep mode corresponds to a given length of delay time between two successive
scanning periods. The communication system enters different levels of the sleep mode
in accordance with the standby time history. The longer the standby time has passed,
the longer the sleep time of the level that the system may enter is to cut down the scan
rate when the system is not used for a long while.

~ Fig. 12.
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systemwith a correspondi ng nunber of different and tine-based scan rates
and delay tinme periods associated with thé time zones to allow the phone to
intermttently scan signal froma surrounding air .in accordance with one of
the scan rates and sleep for a period of one of the delay tinme associ ated
with a particular time zone. 5. A w reless conmmuni cation device
as clainmed in Caim4 wherein said powerfssaving circuit neans conpri ses:
an accumul ator for,up-counting the number of signal scanning conducted by
t he phone system a standby history recorder which has the
scan rates and del qy time periods built therein to allow the phone system
enter the tine zong next to said particular tine zone in response to the
accunul at or so HMidiamebanaarthe scan rate and the delay tine period in
accordance with a ¢ Bsult provided by the accunul ator; and
a sleep tine contr ¢ jontrol ling the sl eeping and scanning of the
Wl by node in accordance with the tinme zones set
ers.

T | N
FIG.1
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6.
[err]

means for scanning an incom ng signal

A power saving cordl ess comruni cation system conprising:
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recei ver

whi ch conprising at | east an

identification portion and an audio portion in a standby period of the

system at a
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scan rate and receiving the incom ng signal, said standby period being
divided into a nunber of successive tinme zones and the receiver neans
noving fromone tinme zones to a next one with tinme during the standby
peri od; decodi ng means for decoding and identifying the

i dentification portion of the received signal; audi o and
control neans for processing the audio portion of the received signal and
sendi ng out the processed audio portiag together with the identification
portion; and transmtter ans for transmtting signals;

t he i nprovenment c@npri sing: sai d decodi ng nmeans conpri si ng

i dentifying nmeans |for_checking the identifid zs t he received
signal with an id¢nt}ficati og=fpde built infJthe systenm &n

power savi ng nmeans whi ch prodi des said receijver neans w §h a nunber of
different scan rates vel y associate&t_m..l‘..h.1 | zones of the
st andby period so
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as to allow said receiver neans to scan incomng signals with different
scan rate in accordance with the one of said tine zones which said receiver

means s in.
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