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What do you dislike most about your Apple Watch?
(Choose No More Than Three)

Battery Life is Too Short I 37%

Reliance on IPhone
Lack of Waterproofing
Selection of Apps

Learning Curve
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What Is The Main Reason You Are Planning
To Buy A Smartwatch?

So | Don't Have To Pull Out My Phone To
See Information/Notifications

A—— e

It Seems Like A Great Tool For Messaging
B 4%

Friends And Family
It Seems Like A Greate Navigational Tool [N 8%

| Already Use A Watch And Like The
Added Functionality
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T 2.2 4P staged AR Ay 4 Zo]
Screen_off Always_on
Stage
Power(mW) | Length(ms) | Power (mW) | Length(ms)
Notify_S1 214.4 320 274.3 330
Notify_S2 338.3 7320 361.0 6570
Notify_S3 202.1 460 142.5 720
Cancel_S1 190.7 300 240.1 250
Cancel_S2 79.5 6840 117.3 3840
Cancel_S3 57.2 610 79.4 2560
AY md g 4y 29 Wy 2L AAE @A gAE 02
T OEE Ato]l A& 0524 S7MAA 10x27HA ¥HESHE type 1
P

WAl & A2 5/10/20W 5388 type
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® 2.3 A8 2l A A ds 24
Exp. Screen_off Always_on
Type 1 2.3% 5.8%
Type 2(5) 4.5% 5.6%
Type 2(10) 5.0% 8.3%
Type 2(20) 7.4% 7.0%
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3. 2 SmartNotifier

o HoMe oA A =dod

o\
i
(i,

# 43}l 719 (SmartNotifier) <

FY EHe WSAYIA gon, AnEIAR %Y dg d 3FRe
AAe Filol BARQT ADL Zoly LY WAl A Ao

g Fol AHgA AW Aske Az

New/update &€d AL X4

55

1. Notify-noti. created

6 new messages

If user interaction occurred, (3a).

A
User interactive session QI L.]

6 new meseagea

Timeout

2. Delay the notify-noti.  3a. Cancel the delaying noti.

and do not deliver it to smartwatch|

If no user interaction occurred, (3b).

Screen-off/

3b. Deliver the
noti. to smartwatch

19 3.2 New/update &d A A
a9 3.2 AFEAVE AWPEE AME T new/update & WA
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6 new messages 5 7 new messages 7 new messages
- oglemail.corn damien meferran@googlemail com
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&1. Notify-noti. careated 3. (update)Notify-noti. created 5. User cancel the noti.

e —— P ey | o
6.C 1 th
2. Delay the Notify-noti. 4. Update the delaying noti. cﬂllce]_li‘(l)ltcf3 delievery
1 ]
'j No nofification delivered to smartwatch
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Aok Ad Fl G ("M 2)2 ofH
AutE X o] Adw A7l ol P2 update B 2HA] WA A (3., 5.)
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1. Notify-noti. delivered 3. Cancel the noti. individually
;WWﬁw~nmm.,EB e _
I
2. Sereenion o e TS Pt aa > 5. Screen
O s s v ——— Off
4. Delaying the cancel-noti.s
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3. 3 SmartNotifier &
3.3.1. AE=EZo|E &Y A|AH

2 A= SmartNotifierd T-&eof A F=Fol=9] A= AJAH

9 svlEAze) 9y dunbyge 44
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@ [ Broadcast ] [ Events, ... ]

Push | onReceive J
M D
| User apps System Ul —)Smartwatch app -

=

o
ro

(Status bar, ...} | | (Android Wear)

MotificationManager system service

; A
lNDTIf'_.,-' TnnNotificationPosted 2
—

Android Smariphone Smartwatch

T 3.5 kERo|E oy B4 4l AnfEQAR] A
13 3.5% o] §82 GCM (Google Cloud Messaging) ©|ly 97
AWl AH HJHOolE, broadcast, alarm event & UTHFsH = 4
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Notification ZAE AA3}e] NotificationManagerServiceo] <3S
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FEEol Zhzh by B/ A7 BAAE W) FH = callback MAEE
T3 3 o}, NotificationManagerServiceo] S=3shd Ho},

AtA o2 AutEL X9l FERO|EEN AFS AT ARIEE]
AutEA & AX7E Fesid olyd AntEAE § 7]ssh
NotificationManagerService/ListenerServices &-83l0] AvtE S ]9
44 Ve Al 2 =2 Ag@delr LG Watch Urbane
OS& Google Android WearEs AFgstd, &g 0OSE  AFE3sH
AutEL R 9L ety YsiAE ARFEEY] Google Android Wear
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LOCAL_ONLY flag7} A% A] &4 &9 55 AvFEYAZE bluetooth
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FAE T Agdty], AvESA e AvtEZA d¥ A7
A A olg WE wrob nitjH rupo]se] ddo] AAHER

3.3.1. SmartNotifier 7% 4 <18 &

Device events
(user interaction, screen on/off)

L\ I | L4

+ .
Applications Delay-delivery)  ____ __ _________ Sma;tpvgamh
decision “Android Wear”
aei Delayed queue T
notify() delay or cancel) Timeout i Bluetooth

i connection
cancel() 3 i
’ Noti. delivery ¥
@ [ handler a
Notify-noti. Cancel-noti. + S
notifyPosted() fist |

list

notifyRemoved() — |

NotificationManager
. 8 SmartNotifierManager
Service

1% 3.6 SmartNotifier 73 % <43 A&
SmartNotifierg <¢t=Fo]= 5.1.1°] &Al¥ Google Nexus 5°A
6+ 1 o= % I dAd e HolEu
dg 9 2AE FASkE 582 Google Android Weart
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o=zl HAELS AoJsktt.  SmartNotifierManagers  AndroidWear

8ol oy WA U AA A9e stzAle] 247 Yied A7 W

o] WA AU AHAlEE A Y dHS EHtE ARESX R
AgS AATH AAsrt, Ao FQst AnfEE 239 on/off %
AFEAF activity event:= broadcast receiver® E3Fe] 41 Hb=t)
F7HA s dAsh oy W A= jF O g AEE Foko] #eElsit
AAE 4] timeoute]Y screen off 5 event ¥4 A] Notification

delivery handler’} ZZo| uwteg} Ad¥ <42S Smartwatch appl =

Adate ~nlEgA R Ao AEHES ),

Xisting identica
same notification in
delaying?

Y Update the delaying
notification

Screen_on
notification?

creen on & user
interacted within
DELAY_THR?

Updating the
notification in
smartwatch?

Set the MUST_SEND flag

y
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Abstract

Analyzing and Deliveries Optimizing
Techniques for Smartwatch Notification

Hajong Kim

Dept. of Computer Science and Engineering
College of Engineering

The Graduate School

Seoul National University

A naotification is a key feature on smartphones that proactively informs important
events or information to the user on time. Smartwatch is one type of wearable
devices that spreads rapidly in daily life and also has a notification feature. However,
the smartwatch has a small battery capacity and the notification can cause the
considerable energy consumption due to the device wakeup, screen-on, vibrations,
etc. To know the battery drains by the notification on the smartwatch, we conducted
a user study and simulated the power consumption of notification. As a result, we
found that the notification can drain the battery up to 40% of total capacity per day
for user who is notified frequently. To optimize this, we analyzed the notification-
delivery between the smartphone and smartwatch, and found the unnecessary

deliveries due to the amplification of notification. Most of notifications on
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smartphone are delivered to smartwatch without consideration of user contexts.
Thus, the notification which is already perceived by user and the cancellation of
notification that user cannot be perceived on smartwatch are unnecessarily delivered
to smartwatch. To relieve this problem, we propose the notification-delivery
optimization technique, called SmartNotifier that reduces the unnecessary
notification delivery using 3 types of delayed delivery based on user context. The
proposed technique reduces the energy consumption of notification by 13.4% on
simulation and reduces the new-update(cancel) notification delivery by

20.5%(22.3%) in the real world experiment.

keywords : Wearable Device, Smartwatch, Notification, Energy Optimization
Student number : 2014-21799
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