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Allcompelling5G applications ar@w-latencyapplications
¢ Examples: connected vehicle, AR/VR, drate,
¢ The most effective technique éslgecomputing

i The most important edge computlng workload i IS real time video
analysis C Al edge co
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w Everysurvelllance camera exjuipped | ¢
with reattime videoanalysiscapability = #§ W&
w Virtualborder control andpolicing n

w Patrol forbuildingsand openspace i
w Children/elderactivity monitoring, e.g. B | s 3
fall detection B\ e AT e
w Policebody camera ";'“*7 W
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w Benefits:

w Capturewhatever carbe capturedn anon-line

¢ Unmanned retail storeautomatedcheckout

ChLIIAYAT S aK2LILISNBEQ 2F7F¢
experiences

¢ Capture offlineshoppermerchandisanteractions sas
to combinethem with on-line shoppingoehaviors

storein aphysicaretail storeand integrate them
acrossstores
¢ Howmanyshoppers?

¢ 91 OK & Kragdclhd@ NI & ShPhygicaBtciri
i i oppingAnalytiCcs § ™

¢ What merchandise iouched? ppingAnaly

C DoeSSheIIke/dISIIkelt') il Navigation Browsing & Comparing Checkout Cross-store Profile Integration

Identify each [l Use shopper’s profile to Use shopper’s profile for merchandise Simplify or aufomate the Link the per-store browsing
shopper provide navigation help recommendation and comparison checkout process behaviors into a global DB
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Shopper Reidentification and Behavior Tracking
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Fast Checkout During Peak Businesbklours
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Cloud/EdgebasedAOl:Decouplingof imagingHWfrom image analysiSW

Defect Verification and
Repair planning
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AOQI Defect I_S_,

Detection

Optical Defect, Location
And Repair Recipe Database

¥t o
Missing bonds

No st/ck Bump defects

A

Underfill BGA /Flip Chip Contamination

[1]1]

Bonds on thickfilm

Die defects

Epoxy / paste Waffle packs

Case

Defect Recognition, Location,
and Subtractive Repair

Inspection

DNN
Inspection

Manual
Inspection

DNN
Inspection

Laser Repair,
Machine

AOI ThroughputU 300000 images/day * 4 human inspectors=
1,200,000 images/day

False negative rate : 5%

False negative rate: <0.01%, manual inspection load: 5%

ThroughputU 1.2 M images/day[ 14.4 M images/day

AOI ThroughputU 300000 images/day * 10 humaninspectors=
3,000,000 images/day

False negative rate : 12.9%

False negative rate: <1%, manual inspection load:10%

ThroughputU 3 M images/day[ 8.6 Mimages/day







w Competitivegamingform of droneracing

w Provide one omultiple drone pilotsa
digitalreaktime first-personview (FPV)
control of herdrone |

| —
¢ Lowlatency highbandwidth video streamingf ; e s K @M!ﬂm M _4! f“ A
and interactive commandontrol S .

LATELINE

w Replace physical barriength virtual
barriers:MR
¢ Flyingthrough avirtual ForbiddenCity
¢ Realtime precision colIisionIetection\
¢ Collision impacemulation -
¢ Reailtime Albased vide@nalysis

w Dogfightingamong competingirones
¢ Physicatollisionamongdrones

- Virtualmissile
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w Cloudgamingservice: Googl&tadia{ 2 y e Qa
PlayStatiolNowanda A O NP Br@ettiCRd
w Originalmotivations

¢ Thingamingconsole
¢ Enableuse of more powerfufjaming HWhn the cloud

w Specialization dbesktop/Deviceas aservice
¢ Parsec
¢ Shadow
¢ LiguidSky

w Smartphone game streamirsgrvice
¢ Hatch(Finland) and Redfing€China)

w Interactive latencyor lagis a keyoncern
C edge computing could come tescue
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APP Streaming

x Vision:OneAPHor all (Android)APPs ithe world
U0 UnmodifiedAPPsunin thp cIouc!,eprerienceaII Sensors Ir:] dzéAéslm'EIﬁ)hong,
andstream theiroutputstt 2 U KS a Y|l NI LIKddwcesQa | dzZRA 2
U Containerbasedand/or Serverless computingodelthat supportson-demand
virtual resource allocatioand de-allocation
U Technical objectivéittain the same interactivitgnd usability as locaAPP execution
with unmodifiedAPPs

“E2® 2aMOIR0M

Android 1 Android 2 Androidn

App Streaming Cloud Infrastructure

Current

Allrightsreserved No part of this confidential reporinaybe reproduced in anform or by anymeanswithout written permissiorfrom ITRI.
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X Acces®nterprise data via
remote appinvocation

U Enterprise data stays within
enterprise:insurance

U Keep app bytecode private:
banking

x Trackingand maintenanceof
per-userappstate

x Clientdevice independence:
I0S andAndroid

« Workseven betterwith 5G
edgecomputing

Allrightsreserved No part of this confidential reporinaybe reproduced in anform or by anymeanswithout written permissiorfrom ITRI.
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Businesdviodels

X Anenterprise app delivery strategy addressBigODsecurity

U lee§ eaclemplgyeea virtual smartphonédor EELD .
runningenterpriseapps L], .o,

Enterprise i X
U Keepsenterprise data staying insides datacenter  Mobile APP
APPs Remoting

U Target users: TSMBankof AmericaPinAnInsuranceegtc.

X Analternative consumefacing app market thadupportsboth download
andin-place executiomf apps

U Reduces app developmeaobst

U Enables effortlesapptrial/promotion
U Supportdocationbasedinvocation

of longtail apps

U Target usersAT&TVerizonand
Softbank, which could host suah
new appmarket
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Comparison of APP Streaming Platforms

Poor Good Perfect
SetB

| Android | Android n

@&.N— C@

l
1
: Android X86 1 — = | Android X86 n
Linux Kernel ' Linux Kernel ’ ' :
AR X ARM ARV Y ARNY i LXC Container
Linux Kernel (cgroup,
QEMU Emulator L (cgroup

namesapce)

X86ServerMachine X86ServerMachine SmartphoneSOCI:Iuster
i Android/iOSEmulator i Containerizationt Android X386 i Containerization Android Framework

I Hypervisofbasedvirtualization I Sharing ofGPU i Sharing of GPU and Audio/Videoncoder
/ decoderHW

I Run smartphon@PPsatively

TERRMTHTERR
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APPs PerAndroidInstance PerAndroidInstance
Compatibilities Cost PowerConsumption
X86 + Android Virtual Machine ~ 60% < $240 NTD < 30W (average)
X86 + Android Container ~ 70% < $120 USD < 15W (average)
Smartphone SOC Cluster + > 90% < $100 USD < 5W
Android Virtual Machine
Smartphone SOC Cluster + > 90% < $30 USD < 2.5W
Android Container
Carrier Board*5,7 SOM per CB = LAN Switch
(4 on top side, 3 on back) T (1G*8 + 10G*2)
ARM node*35 . P
(Actions S900 SOM). & : _Z
<4 Sz /PSU
P 500W 1U
........... BMC
e for SOM management
LED Indicatorlight®2. Backplane Board T TR RS
power & network (power supply, Ethernet port, & MCU) "l

Allrightsreserved No part of this confidential reporinaybe reproduced in anform or by anymeanswithout written permissiorfrom ITRI.
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Competitive Edges

X RunningAndroid apps on aX86basedcloudcomputing
Infrastructure

U Frontend app, and backnd deployment, streaming,
management, and operatiosupportinfrastructure

X Androidcontainerizationtechnology

U Android meets Linugontainer
U Next stop: containe€C Fdzy OU A 2y Landbhdad ¢S | 2 {

X Smartphone SOC clustas anefficientand scalable app
streaminginfrastructure

U Customdesigned server using smartpho8&©Cs

T ERRMTATERR
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Two Other Cool 5G Applications
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artRate Measurement

¢ Wireless signals, particulardtypannelstate information(CS),
are affectedoy object motion irthe environment, including
chestmovementsdue tobreathingandskin vibrationgsiue
to heartbeating.

=5 T
Sleep Quality Analysis Server
(Breathing, Heart rates and Roll-
Over Frequency Analysis)

¢ The accuracy direathingandheartbeatrate predictionsare
95%(5 meters)and 80%(1 meter),respectively.

Subcarrier =7, 8, 9, 14, 15, 29, 30, 31, 32, 33, 38, 39, 40, 41, 43, 44, 45, 54, 55 (Total = 19)
I I | I

T I I I I T
P N S\ *r Fundamental 1
! B1:15 bpm
: L -
i
-/ AR | Resting people breathing rate |
i Sleep Event: Go 8 ranges from 10 to 37 bpm
Rough Eyent to Bed, Get Up i
h e g andTu rnQ\(er T | Normal heart rate range of resting i
‘ ‘Tiredness Event: 5 people is 60bpm to 100 bpm
e Yawn and Nod gor -
Data Extraction Home Security H Ha 0
3 g _ Event , iy B2:30 bpm i
~
Data Clustering -
J
Harmonics g‘;";’;d truth
A B3:45bpm 91 bpm =
Subcarrier v Hisemonicy Intermodulation Intermodulation
B4:60 bpm
Selection i ‘ Cla: 76 j)m/\/-\/l\l\/\/\/yc:lb: 106 bpm |
J
n ~ 1 1 | 1 | | 1 ] | ’ |

1

Applications: Sleep Quality, 10 0 Y w = & 70 ) @ 100 1o TP

Tiredness Detection, Home
Security, etc.

iR B

Number of Breath/Beat Per Minute (bpm)
—— o ————

Ve e
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1INg Rate Measurement

110bpmHAYSERE
115bpmHAYSEERE
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w Sleep quality measuremenmtithout wearablesensors l s

w Apnea( ) solution(KickstarterQ4/2019 mﬁ{\\tf[L
¢ Breathing rateneasurement \ / g
¢ Pillow adjustmenmechanism / |

¢ Implementation cost < $2,000TD
w Drowsiness detectioembedded intoseatbelt(Denso)

w Sleep stateracking
¢ Targetmemoryconsolidationduring deep sleegtate
¢ Quality andengthenhancemenbf certainsleepstates

w Augment WiFi AP routerr smallcellbase statiorwit t
Indoor positioningcapability:~60cmaccuracy

¢ Realtime positioning forequipment,personneland
patients inhospitals

. QE Comprehensiveetail analytics for offlineshoppers




onalDressingRoom
v

av v

w Importanceof hlgh—quallty dressingrooms for apparekbtores

I Whena customer enters thétting room, sales conversiaate jumps from10%to 67%

I 97%o0f customerdhat entered thefitting room andsubsequentlyvalkedout empty-
handedly did stvecauseof wrong size/color ofhe tried-on items in thefitting room.

i Returned merchandiseosts retailer$$270Beveryyear, andonlineapparel return rateslue
to misfit are around70%

w Designobjective: Provide user§i K S ¢iedN& YR2OE(0 T dzyexpérignsd
w Unique experiences:
I Situationaltry-on
w Background image, lightingpund
I Dynamically personalizabétoset
w Noneedto interact withclerks
I Albasedrecommendatiorfor dresscollocation
I Supportfor collaborativeshopping

e 4 o >
w » 5 e I VU W T
—_— 'r Indestrisi Techmolagy
\. Recaarch Institute



w Optimizeghe fitting room
experience®f apparelstoresand
thus increasesales

w Encouragesonsumers tspendas B
much time infitting roomsas TREE
possibleto collectasdetailed
feedback on individualpparel e
productsaspossible. R

w Makes thebest of onlineandoffline ™%
world, and reduces theost ofoffline 93
store operation, sucls checlout,
reverse logistics, and inventocheck A
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ThankYou!

Questionsand Comments?

tcc@itri.org.tw
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NETCenter £ ?
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NETCenter ¢
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IP Manitor

TCP Port Monitor
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Topology Monitor ‘ [

Monitor
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Interface
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NetFlow
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