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Advent of EdgeComputing
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All compelling 5G applications are low-latencyapplications
ς Examples: connected vehicle, AR/VR, drone,etc.

ς The most effective technique is edgecomputing

ï The most important edge computing workload is real-time video  

analysis Č AI edge computing for video analysis



Application 1: Intelligent Video Surveillance

ωEvery surveillance camera is equipped  
with real-time video analysiscapability

ωVirtual border control andpolicing

ωParking lot metering andmanagement

ωPatrol for buildings and openspace

ωChildren/elder activity monitoring, e.g.  
fall detection

ωPolice bodycamera



Application 2: Next-Generation RetailStore

ω Benefits:

ςUnmanned retail store: automatedcheckout

ςhǇǘƛƳƛȊŜ ǎƘƻǇǇŜǊǎΩ ƻŦŦƭƛƴŜ ǎƘƻǇǇƛƴƎκŎƻƴǎǳƳƛƴƎ  
experiences

ςCapture offline shopper-merchandise interactions so as  
to combine them with on-line shoppingbehaviors

ω Capture whatever can be captured in an on-line  
store in a physical retail store and integrate them  
acrossstores

ςHow many shoppers?

ς9ŀŎƘ ǎƘƻǇǇŜǊΩǎtrajectory?

ςWhat merchandise istouched?

ςDoes she like/dislikeit?

Wave for Service

Profile/ID  
RegistrationUnmannedStore

PhysicalStore
ShoppingAnalytics
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Shopper Re-identification and BehaviorTracking
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Fast Checkout During Peak BusinessHours



Application 3 : Smart Manufacturing

AOI Defect  

Detection

Defect Verification and  

Repair planning
Defect Recognition,Location,

and Subtractive Repair

Laser Repair  

Machine

KVM RX KVM TX

10GE

Ethernet

Optical Defect, Location  

And Repair Recipe Database

Case  

A

Manual  

Inspection

AOI ThroughputǛ300000 images/day * 4 human inspectors=

1,200,000 images/day

False negative rate : 5%

DNN

Inspection

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

ThroughputǛ1.2 M images/day ‎ 14.4 M images/day

Case

B

Manual

Inspection

AOI ThroughputǛ300000 images/day * 10 humaninspectors=

3,000,000 images/day

False negative rate : 12.9%

DNN

Inspection

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

ThroughputǛ3 M images/day ‎ 8.6 Mimages/day

Cloud/Edge-based AOI: Decoupling of imaging HW from image analysisSW
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Application 4: Competitive Drone Racing

ωCompetitive gaming form of droneracing

ωProvide one or multiple drone pilots a  
digital real-time first-person-view (FPV)  
control of herdrone

ςLow-latency high-bandwidth video streaming  
and interactive commandcontrol

ωReplace physical barriers with virtual  
barriers:MR
ςFlying through a virtual ForbiddenCity

ςReal-time precision collisiondetection

ςCollision impactemulation

ςReal-time AI-based videoanalysis

ωDogfighting among competingdrones
ςPhysical collision amongdrones

ςVirtualmissile



Killer Application: Cloud Gaming

ωCloud gaming service: Google Stadia, {ƻƴȅΩǎ 
PlayStation Now and aƛŎǊƻǎƻŦǘΩǎ ProjectxCloud

ωOriginalmotivations

ςThin gamingconsole

ςEnable use of more powerful gaming HW in the cloud

ωSpecialization of Desktop/Device as aservice
ςParsec

ςShadow

ςLiquidSky

ωSmartphone game streamingservice

ςHatch (Finland) and Redfinger(China)

ωInteractive latency or lag is a keyconcern

Č edge computing could come torescue
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APP Streaming

×Vision: One APP for all (Android) APPs in the world

üUnmodified APPs run in the cloud, experience all sensors in a ǳǎŜǊΩǎsmartphone,
and stream their outputs ǘƻ ǘƘŜ ǎƳŀǊǘǇƘƻƴŜΩǎ ŀǳŘƛƻκǾƛŘŜƻdevices.

üContainer-based and/or Serverless computing model that supports on-demand  
virtual resource allocation andde-allocation

üTechnical objective: Attain the same interactivity and usability as local APP execution  
with unmodified APPs
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×Access enterprise data via  
remote appinvocation

üEnterprise data stays within  
enterprise:insurance

üKeep app bytecode private:  
banking

× Tracking and maintenance of  
per-user appstate

× Client device independence:  
iOS andAndroid

× Works even better with 5G  
edgecomputing
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Enterprise  

Mobile
APPs

APP

Remoting

BusinessModels

×An enterprise app delivery strategy addressing BYODsecurity

üGives each employee a virtual smartphonefor

running enterpriseapps

üKeeps enterprise data staying inside its datacenter

üTarget users: TSMC, Bank of America, Pin An Insurance,etc.

×An alternative consumer-facing app market that supports both download 
and in-place execution of apps
üReduces app developmentcost

üEnables effortless apptrial/promotion

üSupports location-based invocation  

of long-tail apps

üTarget users: AT&T, Verizon,and

Softbank, which could host sucha

new appmarket
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Comparison of APP Streaming Platforms

CPU CPU

CPU CPU

CPU CPU

CPU CPU

4GB

8GB

4GB

8GB

Smartphone SOCCluster
ïContainerization + AndroidFramework

ïSharing of GPU and Audio/Videoencoder
/ decoderHW

ïRun smartphone APPsnatively

X86

Core

Linux Kernel (cgroup,  
namesapce)

GPUs

X86

Core

Android X86 1 Android X86 n

LXC Container

X86 ServerMachine
ïContainerization + AndroidX86

ïSharing ofGPU

X86 ServerMachine
ïAndroid/iOSEmulator

ïHypervisor-basedvirtualization

Android 1

Linux Kernel

ARMV ARM

CPU VCPU

Android n

Linux Kernel

ARMV ARMV

CPU CPU

QEMU Emulator

X86

Core GPUs

X86

Core

Poor Good Perfect
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Comparison of APP Streaming Platforms

APPs
Compatibilities

Per AndroidInstance  
Cost

Per AndroidInstance  
PowerConsumption

X86 + Android Virtual Machine ~ 60% < $240 NTD < 30W (average)

X86 + Android Container ~ 70% < $120 USD < 15W (average)

Smartphone SOC Cluster +

Android Virtual Machine

> 90% < $100 USD < 5W

Smartphone SOC Cluster +  

Android Container

> 90% < $30 USD < 2.5W
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Competitive Edges

×Running Android apps on an X86-based cloud computing  
infrastructure

üFront-end app, and back-end deployment, streaming,  
management, and operation supportinfrastructure

×Android containerizationtechnology

üAndroid meets Linuxcontainer

üNext stop: container Č ŦǳƴŎǘƛƻƴ όŜΦƎΦΣ !²{ΩǎLambda)

×Smartphone SOC cluster as an efficient and scalable app  
streaminginfrastructure

üCustom-designed server using smartphoneSOCs



Two Other Cool 5GApplications



WiFi -based Breathing/Heart Rate Measurement

ς Wireless signals, particularly channel state information (CSI),  
are affected by object motion in the environment,  including 
chest movements due to breathing and skin  vibrations due 
to heartbeating.

ς The accuracy of breathing and heartbeat rate predictionsare
95% (5 meters) and 80% (1 meter),respectively.

ς Equally applicable to 4G/5Gcommunications



WiFi -based Breathing RateMeasurement



Commercial Applications

h

ωSleep quality measurement without wearablesensors

ωApnea( ) solution(Kickstarter,Q4/2019)

ςBreathing ratemeasurement

ςPillow adjustmentmechanism

ςImplementation cost < $2,000NTD

ωDrowsiness detection embedded into seatbelt(Denso)

ωSleep statetracking

ςTarget memory consolidation during deep sleepstate

ςQuality and length enhancement of certain sleepstates

ωAugment WiFi AP router or small cell base stationwit 
indoor positioning capability: ~60 cmaccuracy

ςReal-time positioning for equipment, personnel and  
patients in hospitals

ςComprehensive retail analytics for offlineshoppers



ω Importance of high-quality dressing rooms for apparelstores

ïWhen a customer enters the fitting room, sales conversion rate jumps from 10% to 67%.

ï 97% of customers that entered the fitting room and subsequently walked out empty-
handedly did so because of wrong size/color of the tried-on items in the fitting room.

ï Returned merchandise costs retailers $270B every year, and online apparel return ratesdue
to misfit are around70%!

ωDesign objective: Provide users ǘƘŜ ǿƻǊƭŘΩǎ best & Ƴƻǎǘ Ŧǳƴ άǘǊȅ ƻƴέexperience

ωUnique experiences:

ï Situationaltry-on

ωBackground image, lighting,sound

ï Dynamically personalizablecloset

ωNo need to interact withclerks

ï AI-based recommendation for dresscollocation

ï Support for collaborativeshopping

Clerkless Situational DressingRoom

ἇ ᴪ



BusinessBenefits

ωOptimizes the fitting room  
experiences of apparel storesand  
thus increasessales

ωEncourages consumers to spendas  
much time in fitting rooms as  
possible, to collect as detailed  
feedback on individual apparel  
products aspossible.

ωMakes the best of online and offline  
world, and reduces the cost ofoffline  
store operation, such as check-out,  
reverse logistics, and inventorycheck



DemoVideo



ThankYou!

Questions andComments?

tcc@itri.org.tw

mailto:tcc@itri.org.tw
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NETCenter x ʍΩʳ˗ʮʳʼ˧ʚ

45

NETCenter
ϔЎΩϮϠИ
ϤС

ʍΩʳ˗ʮʳʼ˧ʚ

30 km

Syscom
Taoyuan

10 km

˕ˍ˧ʳ SLAɛ


