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ABSTRACT 

Described is a mechanism for mobile devices that alloWs a 
user to set a time at Which the mobile device Will automati 
cally poWer doWn, and another time at Which the mobile 
device Will Wake up. The mechanism further alloWs the 
mobile device to be awakened earlier than the Wake up time 
if an event is scheduled to occur prior to the Wake up time. 
Furthermore, the mechanism provides for the cancellation of 
the automatic poWer doWn or Wake up, based on user input. 
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SYSTEM AND METHOD FOR POWERING DOWN 
A MOBILE DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to com 
puter-executable software, and more particularly to increas 
ing power management ef?ciency in mobile devices. 

BACKGROUND OF THE INVENTION 

[0002] Consumer electronics of almost any siZe noW 
include controllers or processors and perform many func 
tions that used to be exclusively Within the domain of the 
desktop computer. One such device, the cellular phone, 
previously dedicated to transmitting only voice communi 
cation, is noW being used for a variety of functions, such as 
Personal Information Management (PIM) and Personal 
Digital Assistant (PDA) functions. In addition, consumers 
are pushing the market to make the devices smaller and 
smaller. As the devices become smaller yet more poWerful, 
poWer consumption becomes an ever increasing problem. 
The limitations of poWer storage components, both in siZe 
and capacity, make it difficult to operate mobile devices for 
extended periods of time. Mobile device designers are 
constantly seeking Ways and mechanisms to extend the time 
betWeen recharging the mobile devices. 

SUMMARY OF THE INVENTION 

[0003] The present invention provides a system and 
method for extending the time interval betWeen recharging 
a mobile device. The invention provides a personal data 
assistant (PDA) application for mobile devices that alloW a 
user to set a time at Which the mobile device Will automati 
cally poWer doWn, and another time at Which the mobile 
device Will Wake up. The result extends battery life. 

[0004] In one aspect of the invention, an application is in 
communication With an operating system, a timer, a sWitch, 
an appointment register, and a ?le system. The application 
alloWs the user to set a time period during Which limited or 
no activity is expected. When the given time is reached, the 
application puts the mobile device into a sleep mode until 
the end of the user de?ned time period, or until a scheduled 
event, Whichever occurs ?rst. In this Way, the existing poWer 
management system may be supplemented With these poWer 
savings thereby extending the length of time betWeen 
recharging, and ultimately extending the battery life as Well. 
The invention further includes a sWitch to shut doWn the 
system. If the sWitch is used to shut doWn the system, the 
auto Wake up feature is circumvented. This alloWs added 
?exibility such as, for example, the ability to negate the 
aWakening process if traveling necessitates it. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 is a functional block diagram illustrating 
functional components of a mobile computing device that 
may be adapted to implement one embodiment of the 
present invention. 

[0006] FIG. 2 is a functional block diagram illustrating a 
subsystem of the system illustrated in FIG. 1, including a 
timer, a sWitch, and memory, and focusing on the relation 
ship of these three components, in accordance With one 
embodiment of the present invention. 
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[0007] FIG. 3 is a state diagram illustrating the movement 
of processes betWeen states based on predetermined criteria. 

[0008] FIG. 4 is a logical ?oW diagram illustrating a 
process for determining a Wake up time and implementing a 
sleep time, in accordance With one embodiment of the 
present invention. 

[0009] FIG. 5 is a logical ?oW diagram illustrating a 
process for implementing a Wake up time, in accordance 
With one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0010] The present invention provides a system and 
method for facilitating the reduction of poWer usage during 
speci?ed time periods, Within an electronic mobile device. 
The invention further provides a user con?gurable imple 
mentation that offers ?exible and adaptable options to a 
user’s potential poWer needs. Among other things, disclosed 
is a system that lengthens the battery charge interval of a 
mobile device. This system is bene?cial in a reduced battery 
capacity environment. 

[0011] 
[0012] FIG. 1 is a functional block diagram illustrating 
functional components of a mobile computing device 100. 
The mobile computing device 100 has a processor 160, a 
memory 162, a display 128, a keypad 132, a hard sWitch 
190, and a timer 180. The memory 162 generally includes 
both volatile memory (e.g., RAM) and non-volatile memory 
(e.g., ROM, Flash Memory, or the like). The mobile com 
puting device 100 includes an operating system 164, such as 
the WindoWs CE operating system from Microsoft Corpo 
ration or other operating system, Which is resident in the 
memory 162 and executes on the processor 160. The timer 
180 may be a loW poWer detector matched to a loW fre 
quency crystal. The keypad 132 may be a push button 
numeric dialing pad (such as on a typical telephone), a 
multi-key keyboard (such as a conventional keyboard), or 
other such input device, Which Would function in the 
required fashion. Similarly, the hard sWitch 190 may be a 
push button pad, or other such input device Which may be 
implemented as a key on the keypad 132, a separate key, or 
the like. The display 128 may be a liquid crystal display, or 
any other type of display commonly used in mobile com 
puting devices. The display 128 may be touch sensitive, and 
Would then also act as an input device. 

Illustrative Operating Environment 

[0013] One or more application programs 166 are loaded 
into memory 162 and run on the operating system 164. 
Examples of application programs include phone dialer 
programs, email programs, scheduling programs, PIM (per 
sonal information management) programs, Word processing 
programs, spreadsheet programs, Internet broWser pro 
grams, and so forth. In this embodiment, the applications 
166 include a poWer management application, described 
later. The mobile computing device 100 also includes non 
volatile storage component 168 Within the memory 162. The 
non-volatile storage component 168 may be used to store 
persistent information Which should not be lost if the mobile 
computing device 100 is poWered doWn. The applications 
166 may use and store information in the storage component 
168, such as e-mail or other messages used by an e-mail 
application, contact information used by a PIM, appointment 
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information used by a scheduling program, documents used 
by a Word processing application, and the like. A synchro 
niZation application also resides on the mobile device and is 
programmed to interact With a corresponding synchroniZa 
tion application resident on a host computer to keep the 
information stored in the storage component 168 synchro 
niZed With corresponding information stored at the host 
computer. 

[0014] The mobile computing device 100 has a poWer 
supply 170, Which may be implemented as one or more 
batteries. The poWer supply 170 might further include an 
external poWer source, such as an AC adapter or a poWered 
docking cradle that supplements or recharges the batteries. 
The hard sWitch 190 is connected to the poWer supply 170. 

[0015] The mobile computing device 100 is also shoWn 
With tWo types of external noti?cation mechanisms: an LED 
140 and an audio interface 174. These devices may be 
directly coupled to the poWer supply 170 so that When 
activated, they remain on for a duration dictated by the 
noti?cation mechanism even though the processor 160 and 
other components might shut doWn to conserve battery 
poWer. The LED 140 may be programmed to remain on 
inde?nitely until the user takes action to indicate the poW 
ered-on status of the device. The audio interface 174 is used 
to provide audible signals to and receive audible signals 
from the user. For example, the audio interface 174 may be 
coupled to a speaker for providing audible output and to a 
microphone for receiving audible input, such as to facilitate 
a telephone conversation. 

[0016] The mobile computing device 100 also includes a 
radio 172 that performs the function of transmitting and 
receiving radio frequency communications. The radio 172 
facilitates Wireless connectivity betWeen the mobile com 
puting device 100 and the outside World, via a communi 
cations carrier or service provider. Transmissions to and 
from the radio 172 are conducted under control of the 
operating system 164. In other Words, communications 
received by the radio 172 may be disseminated to applica 
tion programs 166 via the operating system 164, and vice 
versa. 

[0017] 
[0018] FIG. 2 is a functional block diagram illustrating a 
subsystem 200 of the system illustrated in FIG. 1, including 
the timer 180, the hard sWitch 190, and the memory 162, and 
focusing on the relationship of these three components. 
System 200 is further adapted to organiZe and implement 
poWer conservation Within a mobile device, according to 
one embodiment of the invention. 

Illustrative PoWer Conservation System 

[0019] As mentioned above, memory 162 includes oper 
ating system 164, applications 166, and storage component 
168. These components are further detailed beloW. Operat 
ing system 164 further includes a kernel 201, among numer 
ous other softWare devices. The kernel 201 is a softWare 
component that determines hoW the operating system 164 
uses the processor and ensures it is used ef?ciently. The 
kernel provides fundamental I/O support to the applications 
166, such as passing keypad input and the like to the 
applications 166. 

[0020] Applications 166 include an Auto On/Auto Off 
program 203, appointment register 205, and a user interface 
program (“U.I. program”) 209. Auto On/Auto Off program 
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203 is the primary program for this poWer conservation 
system. Further, Auto On/Auto Off program 203 is in 
communication With other softWare elements of applications 
166 and the principal controller of the other softWare com 
ponents utiliZed by Auto On/Auto Off program 203 and 
residing Within application 166. Appointment register 205 is 
a registration database containing appointment information, 
registered in the system 200. The appointment register 205 
includes entries that associate particular appointment times 
that may be set by an appointment management application 
(not shoWn) or other such PIM-related mechanism. 

[0021] UL program 209 is a softWare component that 
provides input and output communication betWeen the Auto 
On/Auto Off program 203 and the user. U.I. program 209 
alloWs the user to interact With the Auto On/Auto Off 
program 203, for example, to provide the desired times that 
mobile device should sleep and aWaken. Additionally, U.I. 
program 209 alloWs the user to cancel certain actions Which 
may be scheduled to occur. For example, before the system 
sleeps or aWakens, the UL program 209 may display a count 
doWn to sleep mode or aWaken mode, and alloW user input. 
U.I. program 209 may prompt the user to stop the Auto 
On/Auto Off program 203 While the count doWn is proceed 
ing by alloWing the user to input her desire to do so. 

[0022] Storage component 168 includes among numerous 
other things, a ?le system 207 Which acts as a storage area 
for data in the system. The ?le system 207 may contain 
pertinent information, such as that used by the appointment 
register 205, relating to events or aspects of the system. For 
example, the amount of time allotted for countdoWn prior to 
sleep mode, etc., may be stored in an area of the ?le system 
207. 

[0023] FIG. 3 is a state diagram that generally illustrates 
several distinct states a system 300 can enter based upon 
events occurring Within the system 300. System 300 
includes an idle state 301, a U1. state 310, an execute sleep 
mode state 320, an execute aWaken mode state 330, and a 
poWer doWn state 340. Idle state 301 describes a state Where 
the system 300 is idle and is aWaiting either input from the 
user or some other event to occur. When the system 300 

receives input, or some other event occurs, the system 300 
moves from the idle state 301 to the state necessitated by the 
event. 

[0024] UL state 310 describes a state Wherein the system 
300 is in communication With the user. System 300 moves 
from the idle state 301 to the UL state 310 if the system 300 
receives a speci?ed event that triggers the UL, such as 
keypad input, voice-activated input, or the like. While in U.I. 
state 310, the system 300 may communicate With the user to 
request, display, or receive information necessary to either 
inform the user of the current process parameters, or to 
receive instruction from the user With regard to process 
parameters. For example, the UL state 310 may invoke the 
UL program 209, thereby alloWing the user to revieW and 
set parameters related to the Auto On/Off program 203. 
When processing in the U1. state 310 is complete, the 
system 300 moves from the UL state 310 back to the idle 
state 301. 

[0025] Execute sleep mode state 320 is illustrated in detail 
in FIG. 4, and described beloW. Brie?y described, system 
300 moves from the idle state 301 to the execute sleep mode 
state 320 When a sleep event occurs, such as When a 
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speci?ed time is reached or When a speci?ed timer has 
elapsed. Execute sleep mode state 320 is a state Wherein the 
system 300 is attempting to command the mobile device to 
enter into a loW poWer mode. When processing in the 
execute sleep mode state 320 is complete, the system 300 
returns to the idle state 301. 

[0026] Execute aWaken mode state 330 is illustrated in 
detail in FIG. 5, and described beloW. Brie?y described, 
system 300 moves from the idle state 301 to execute aWaken 
mode state 330 When a Wake event occurs, such as When a 
speci?ed timer has elapsed or When a speci?ed time is 
reached. Execute aWaken mode state 330 describes a state 
Wherein the system 300 is attempting to command the 
mobile device to boot and move from the loW poWer mode 
to an active mode. When processing in the execute aWaken 
mode state 330 is complete, the system 300 returns to the 
idle state 301. 

[0027] PoWer doWn state 340 describes a state Wherein the 
system 300 and the mobile device are poWered doWn. 
System 300 moves from the idle state 301 to the poWer doWn 
state 340 When a poWer off event occurs, such as, for 
example, When the user presses the hard sWitch 190 (FIG. 
1). While in the poWer doWn state 340 the system 300 
conducts the appropriate processes required to shut doWn the 
mobile device entirely, that is, to turn the device off. For 
example, if the device had completed the execute sleep 
mode state 320, and thus the device Was sleeping, entering 
the poWer doWn state 340 Would result in the device being 
completely shut doWn and therefore not awakened When the 
designated time to aWaken Was reached. 

[0028] FIG. 4 is a logical ?oW diagram generally illus 
trating a process performed in the sleep mode state 320. In 
describing FIG. 4, reference is made to the system 200 
described in conjunction With FIGS. 2 and 3. Process 400 
enters at starting block 401, Where a sleep event has trig 
gered the system 200 to move from the idle state 301 to the 
execute sleep mode state 320, such as When a predetermined 
time (an “Auto Off time”) has been reached or a speci?ed 
timer has elapsed. The process advances to block 403 Where 
process 400 retrieves Auto On/Auto Off data from the ?le 
system 207 via the operating system 164. Data retrieved may 
include the speci?ed times for the device to sleep (Auto Off 
time) and aWaken (Auto On time), or the like. 
[0029] At block 405, process 400 determines if the mobile 
device is in use. If the device is in use the process advances 
to block 407 Where a predetermined amount of time is added 
to the Auto Off time. The resultant value is returned as a neW 
Auto Off time to the ?le system 207. The process then 
advances to block 429 and returns from the execute sleep 
mode state 320 to the idle state 301. If the device is not in 
use at block 405, the process 400 advances to block 409. 

[0030] At block 409 appointment times are retrieved from 
the appointment registry 205. Appointment times represent 
scheduled events, such as meetings and the like, the PDA 
portion of the mobile device is responsible for organiZing 
and presenting to the user. Appointment times may include 
scheduled times the user has provided, scheduled times 
others have requested and the user has accepted, and the like. 
At block 411 the process 400 compares the Auto On time to 
the appointment times to determine the soonest occurring 
time. 

[0031] At block 413 the process 400 determines if the 
Auto On time is the closest of the times compared. If the 
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Auto On time is the closest, then the process 400 advances 
to block 415 Where the Auto On time is established as the 
Wake Up time. The Wake Up time is that time designated by 
the process 400 as the time at Which the system 200 Will 
trigger a Wake event. If any of the appointment times are 
determined to be sooner than the Auto On time, then the 
process 400 advances to block 417. 

[0032] At block 417 the soonest appointment time is 
assigned as the Wake Up time. The process 400 then 
advances to block 419. At block 419 the process 400 
displays a shutdoWn (“countdown”) timer on the user inter 
face. The process 4000 may implement this display utiliZing 
the Auto On/Auto Off program 203 in conjunction With the 
UL program 209. For example, the user interface may 
display a predetermined numerical countdoWn prior to the 
mobile device going into the loW poWer mode. The process 
400 then advances to block 421. 

[0033] At block 421 the process 400 determines if the user 
has instructed the Auto On/Auto Off program 203 to cancel. 
The user is provided With the opportunity to cancel the 
poWer doWn operation to alloW maximum ?exibility Within 
the program. For example, the keypad or some such other 
input device may alloW an input to the UL program 209, 
prior to the aforementioned countdoWn ending, to cancel the 
poWer doWn. If the poWer doWn is cancelled, then the 
process 400 advances to block 429 and returns the system 
300 from the execute sleep mode state 320 to the idle state 
301. If the poWer doWn is not cancelled then the process 400 
advances to block 423. 

[0034] At block 423 the process 320 sets the timer 180 to 
trigger a Wake event at the designated Wake Up time. The 
process 320 may set the timer 180 by utiliZing the Auto 
On/Auto Off program 203 to compare the Wake Up time to 
the current time and determine a difference time. The 
difference time is then passed from the Auto On/Auto Off 
program 203 to the operating system 164 to be placed into 
the timer 180. The process 320 then advances to block 425. 

[0035] At block 425 the process 400 instructs the operat 
ing system 164 to suspend the next boot process and to call 
the Auto On/Auto Off program to perform the processing in 
the aWaken mode state 330 prior to completing the boot 
process. The process 400 may instruct the operating system 
164 by utiliZing the Auto On/Auto Off program 203 to 
communicate the desired instructions to the operating sys 
tem 164. The process then advances to block 427. 

[0036] At block 427 the process 400 passes a go to sleep 
instruction to the operating system 164. The go to sleep 
instruction orders the operating system 164 to place the 
mobile device into the loW poWer state. The process 400 may 
pass the go to sleep instruction to the operating system 164 
by utiliZing the Auto On/Auto Off program 203 to commu 
nicate the desired order to the operating system 164. The 
process 400 then advances to block 429, and returns the 
system 300 from the execute sleep mode state 320 to the idle 
state 301. 

[0037] FIG. 5 is a logical ?oW diagram generally illus 
trating a process 500 performed during the aWaken mode 
state 330. In describing FIG. 5, reference is made to the 
system 200 described in conjunction With FIGS. 2 and 3. 
Process 500 enters at starting block 501, Where an aWaken 
event has triggered the system 300 to move from the idle 
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state 301 to the execute aWake mode state 330, such as When 
a predetermined time (a “Wake Up time”) has been reached 
or a speci?ed timer has elapsed. The process 500 advances 
to block 503 Where the process 500 receives notice, from the 
operating system 164, that the boot process is occurring and 
has been suspended While the system 300 is in the execute 
aWake mode state 330. The process 500 then advances to 
block 505. 

[0038] At block 505 the process 500 displays a shutdoWn 
(“countdown”) timer on the user interface. The process 330 
may implement this display utilizing the Auto On/Auto Off 
program 203 in conjunction With the UL program 209. For 
example, the user interface may display a predetermined 
numerical countdoWn prior to the mobile device going from 
the loW poWer state to a normal poWer mode. The purpose 
of this step is to alloW the user to cancel the poWer up, such 
as if the user is on an airplane (Where the use of cellular 
phones is prohibited). The process 500 then advances to 
block 507. 

[0039] At block 507 the process 500 determines if the user 
has instructed the Auto On/Auto Off program 203 to cancel 
the poWer doWn and remain in a loW poWer state. For 
example, the keypad or some such other input device may 
alloW an input, prior to the aforementioned countdoWn 
ending, to cancel the Auto On/Auto Off program 203. If the 
poWer up is cancelled then the process 500 advances to 
block 515 and returns the system 300 from the execute 
aWake mode state 330 to the idle state 301. The process 500 
also issues an instruction to the operating system to poWer 
off, thereby canceling the boot and leaving the mobile device 
in the loW poWer mode. If the Auto On/Auto Off program 
203 is not cancelled then the process 330 advances to block 
511. 

[0040] At block 511 the process 500 returns a continue 
boot process instruction to the operating system 164. The 
continue boot process instruction causes the operating sys 
tem 164 to cancel the suspension of the boot process and 
alloW the boot process to proceed. The process 500 may pass 
the aWaken instruction to the operating system 164 by 
utiliZing the Auto On/Auto Off program 203 to communicate 
the desired order to the operating system 164. The process 
500 then advances to block 515. At block 515 the process 
500 returns the system 300 from the execute aWaken mode 
state 330 to the idle state 301. 

[0041] At this point, the boot process continues to its 
conclusion. The mobile computing device 100 then func 
tions in a normal poWer mode until the next scheduled sleep 
event. It should be noted that the user may at any time 
change any of the parameters of the Auto On/Auto Off 
program, such as the sleep time or the aWaken time, or even 
discontinue use of the program all together if so desired. 

[0042] The above speci?cation, examples and data pro 
vide a complete description of the manufacture and use of 
the composition of the invention. Since many embodiments 
of the invention can be made Without departing from the 
spirit and scope of the invention, the invention resides in the 
claims hereinafter appended. 

1-22. (canceled) 
23. A system for managing poWer consumption on a 

mobile computing device, comprising: 

a timer con?gured to generate a Wake event; 

a ?rst set of data including a sleep time and a Wake time; 
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a second set of data including at least one future appoint 
ment time; and 

an application con?gured to regulate the poWer consump 
tion state of the mobile device, Wherein the mobile 
device is in a ?rst poWer state during the sleep time and 
prompted to a second poWer state at the earlier of the 
Wake time and the at least one future appointment time. 

24. The system of claim 23, Wherein the mobile device 
includes a user-actuated sWitch for manually controlling the 
?rst an second poWer state. 

25. The system of claim 24, Wherein the application is 
further con?gured to not prompt the mobile device to the 
second poWer state When the mobile device has been shut off 
by the user-actuated sWitch. 

26. The system of claim 23, Wherein the timer is further 
con?gured to generate a countdoWn time, and Wherein the 
Wake event occurs upon the expiration of the countdoWn 
time. 

27. The system of claim 23, further comprising an 
appointment register con?gured to store and retrieve time 
data including the second set of data. 

28. The system of claim 23, Wherein the ?rst poWer state 
is a reduced poWer state. 

29. The system of claim 23, Wherein the second poWer 
state is greater than the ?rst poWer state. 

30. The system of claim 23, Wherein the mobile device 
includes a user interface con?gured to receive the ?rst set of 
data and the second set of data. 

31. The system of claim 30, Wherein the user interface 
provides a countdoWn mechanism to alloW a user prompt 
and responses to cause or abort signal to be sent to the 
application prior to putting the mobile device into the ?rst 
poWer state. 

32. The system of claim 30, Wherein the user interface 
provides a countdoWn mechanism to alloW a user prompt 
and responses to cause or abort signal to be sent to the 
application prior to bringing the mobile device out of the 
?rst poWer state. 

33. The system of claim 1, Wherein at least one future 
appointment time includes one of: a predetermined event, a 
meeting time, and a task expiration time. 

34. Acomputer-implemented method for managing poWer 
consumption on a mobile device, the method comprising: 

providing a ?rst and second poWer consumption state; 

accessing a sleep time and a Wake time from a ?rst data 

store; 

accessing at least one future appointment time from a 
second data store; 

substantiating the ?rst poWer state during the sleep time; 
and 

prompting the mobile device to transition from the ?rst 
poWer state to the second poWer state at the earlier of 
the Wake time and the at least one future appointment 
time. 

35. The computer-implemented method of claim 35, fur 
ther comprising overriding, by user interation With a sWitch, 
at least one of: the ?rst poWer state and the second poWer 
state. 

36. The computer-implemented method of claim 34, fur 
ther comprising generating a countdoWn time Wherein the 
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mobile device is prompted to the second poWer state upon 
the expiration of the countdoWn time. 

37. The computer-implemented method of claim 34, 
Wherein accessing the at least one future appointment time 
includes accessing the at least one appointment time from an 
appointment register. 

38. The computer-implemented method of claim 34, 
Wherein the second poWer state is greater than the ?rst poWer 
state. 

39. The computer-implemented method of claim 34, fur 
ther comprising providing a user interface con?gured to 
receive the ?rst set of data and the second set of data. 

40. The computer-implemented method of claim 39, 
Wherein the user interface includes a prompt to abort the 
transition from the ?rst poWer state to the second poWer 
state. 
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41. The computer-implemented method of claim 39, 
Wherein the user interface includes a prompt to abort the 
transition from the second poWer state to the ?rst poWer 
state. 

42. A system for managing poWer consumption on a 
mobile computing device, comprising: 

a means for generating a Wake event; 

a means for storing a sleep time, Wake time and at least 
one future appointment time; and 

a means for regulating the poWer consumption of the 
mobile device, Wherein the mobile device is in a ?rst 
poWer state during the sleep time and prompted to a 
second poWer state at the earlier of the Wake time and 
the at least one future appointment time. 

* * * * * 


