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1t Emerging Tech Conference (ETCEI), 2022
“EDGE INTELLIGENCE”

Conference Program

Venue:
Conference and Cultural Center of the University of Patras
Rooms:
14 - Main HALL
111 - Room

Schedule:
Day 1: 2 Parallel Sessions 09:00 - 19:15
Day 2: 2 Parallel Sessions 09:00 - 15:30

Zoom Links Hybrid Mode Execution
Zoom Link 1 Covers all events and parallel sessions, which take place in Main HALL {14) for Day 1 and Day 2
Zoom Link 2 Cowvers all events and parallel sessions, which take place in Room 111 for Day 1 and Day 2

Paper Presentations:

15 min

Manuscript number is the EasyChair ID

Submission Statistics & Publication Information

Accepted Papers and Technical Reports: 54

Proceedings will be published on EPIC (by EasyChair), which is indexed in Scopus Database following the
required review / editing

Page | 2
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Wednesday 26/10/2022 — DAY 1

09:00 - 09:30

Registrations & Welcome coffee

09:30 - 10:15

Main HALL (14) | ZOOM Link_1

Opening:

* Prof. Christos BOURAS [Rector, University of Patras)

+ Prof. Athanasios KYRIAZIS (General Secretary of RE)

+ Prof. Panagiotis DIMOPOULOS (Vice Rector for Research and Dewvelopment,
University of Patras)

*  Prof. Dimitris MOURTZIS [Vice President for Research and Development, University
of Patras) | Conference Overview

» Prof. Vassilios MAKIOS |Professor Emeritus at University of Patras)

+ Dr. Manolis ZERVAKIS [President, Hellenic Emerging Technologies Association)

Master of Ceremony: Prof. Dimitris MOURTZIS

10:15 - 10:45

Main HALL (14) | ZOOM Link 1

Keynote Speaker: Prof. Dimitris MOURTZIS
Title: “Industry 4.0 and beyond”

Main HALL (14) | Z00M Link 1

Hellenic Electricity Distribution Network Operator (HEDNO) 5.A.
Special session: "D50s Transformation in the new Digital Era™

10:45 — 10:55

Dr. Anastasia KYRSAMNIDI (Director of Peloponnese f Epirus Region
Department)
“Transforming the Distribution Network™

Session Chair: Dr. Manolis ZERVAKIS

10:55 - 11:10

Dr. Dimitrios STRATOGIANIS (HEDNO - Head of Projects Management
Section — Strategy, Operational Planning & Transformation Department)
“Presentation of the X-FLEX Project (Integrated energy solutions and new
market mechanisms for an eXtended FLEX bility of the European grid)™
Session Chair: Dr. Manolis ZERVAKIS

10:45 — 11:45

11:10 - 11:25

Dr. Maria VAVVA [HEDNO - Head of Project and Construction Section Region
of loannina - Peloponnese / Epirus Region Department) "Presentation of the
ALFION Project [ALternative Fuel Implemeantation in igQumeNitsa)™

Session Chair: Dr. Manolis ZERVAKIS

11:25-11:45

Roundtable: "Smart Grids and the role of research & innovation in the
energy transition™
Participants: Dr. Georgios LOUKOS (HEDMO) — Director of Research &
Innovation Department, Professor Antonios ALEXANDRIDIS — President of
Electrical and Computer Engineering Department (UPATRAS), Dr.
Konstantinos CHRYSAGIS (PPC) — Director of Research Coordination
Programmes Department, Dr. Sotiris ATHANASIOU ([SUNLIGHT) — R&D
Manager

Moderator: Mr. Georglos STRAVOPODIS (HETIA — Cluster Manager)

11:45 - 12:00

Coffee Break

Page | 3
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Wednesday 26/10,/2022 — DAY 1
Parallel Sessions — Paper Presentations
Main HALL (14) | ZOOM Link 1 Room 111 | ZOOM Link 2
511 521
Session Chalr: Session Chair:
Prof. Panagiotis DIMOPOULOS Prof. Nikos AVOURIS
12:00 - 13:15 | 12:00-12:15 2075 129
12:15-12:30 2720 1034
12:30-12:45 2592 1688
12:45 - 13:00 3549 1800
13:00 - 13:15 BBES 2187
13:15-14:00 | Lunch Break
Parallel Sessions — Paper Presentations
Main HALL (14) | ZOOM Link 1 Room 111 | ZOOM Link 2
£1.2 522
Session Chair: Session Chair:
As. Prof. Gregory DOUMENIS Prof. Alexis BIRBAS
14:00 — 15:15 | 14:00 - 14:15 699 2260
14:15 - 14:30 7696 3548
14:30 - 14:45 8214 5348
14:45 - 15:00 8631 2406
15:00 - 15:15 8769 9162
Main HALL (14) | 200M Link 1
15:15 — 15:45 | Keynote Speaker: Dr. Michael TZANNES (remote)
Title: "Edge Intelligence: An Industry Perspective”
Session Chair: Dr. Manolis ZERVAKIS
15:45-16:00 | Coffee Break
Parallel Sessions — Paper Presentations
Main HALL (14) | ZOOM Link 1 Room 111 | ZOOM Link 2
§13 523
Session Chair: Session Chair:
Prof. Spiros DENAZIS Dr. Yiannis KIKIDIS
16:00 - 17:15 | 16:00 - 16:15 1106 3486
16:15 - 16:30 1129 3656
16:30 - 16:45 1524 4057
16:45 - 17:00 2214 4140
17:00-17:15 2324 5221
17:15-17:30 | Coffee Break
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Wednesday 26/10/2022 — DAY 1

Main HALL (14} | ZOOM Link 1

17:30-18:00 | Keynote Speaker: Prof. Alexios BIRBAS
Title: “Edge Computing Trends: Cloud-sized Al at the Edge”
Parallel Sessions — Paper Presentations
Maln HALL (14) | 200M Link 1 Room 111 | 200M Link 2
£1.4 524
Session Chair: Session Chair:
Prof. Konstantinos MOUSTAKAS Prof. Sotirlos NIKOLETSEAS
18:00 — 19:15 | 18:00—18:15 1385 455
18:15—18:30 1850 1041
18:30— 18:45 2229 2220
18:45—19:00 3707 2583
19:00—19:15 5960 9213
19:15-21:00 | Metworking Cocktall at the Foyer
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Thursday 27/10,/2022 - DAY 2

Parallel Sessions
Career Day - UPatras Paper Presentations
Maln HALL (14) | Z00M Link 1 Room 111 | 200M Link 2
51.5 525
Session Chalr: Session Chair:
Dr. Manolis ZERVAKIS Prof. loannis TOMEKOS
pa:00—0:20 | D MOURTZIS:  Skills —and | oonn po.1g 9543
Competencies for Education
T P. DIMOPOULOS: Entrepreneurship S
09:20 - 09:30 Support Actions METON 09:15 — 09:30 5RO8
Ty A. RAFAILIDES: Technology Transfer T
09:00 - 10:30 g Office (TTO) UPatras 09:30—09:45 6050
09:40 - 05:50 P. DIMOPOULOS: Patras 1O 05:45— 10:00 7860
T. MICHALAKEA: Success in the
labor  market: A supportive
9:50 - 10:00 10:00 - 10:15 5230
framework for  students and
graduates
T A. PLES5AS: Digital tools to connect o
1000 —10:10 graduates with the labor market 10:15—10:30 2003
T I. IDANNOU: Graduate Tracking: The
10:10-10:20 Eurograduate 2022 Initiative
10:20 — 10:30 A, TSAKMAKA: How to prepare for
your dream job
10:30 — 10:40 | Coffee Break
Parallel Sessions
Career Day — UPatras P ?ﬁ{:?e:;;t;tﬁ:: 2
Main HALL (14) | ZOOM Link 1 oot e
Moceratar Sessinn-Chair-
il s i Prof. Vasilios KOSTOPOULOS
10:40 — 10:50 ADVEDS 10:40 — 10:55 8391
10:50 - 11:00 ANSYS 10:55-11:10 1729
10:40 — 12:50 | 11:00—11:10 DELOITTE 11:20—11:25 B673
11:10-11:20 ES SYSTEMS 11:25-11:40 9341
11:20-11:30 EY 11:40-11:55 9785
11:30-11:40 INACCESS End of Conference Papers
11:40—11:50 IRIDA LABS
11:50—12:00 MEAZOMN
12:00-12:10 REMESAS
12:10—12:20 THINK SILICOMN
Page | &
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Thursday 27/10/2022 — DAY 2

12:20-12:30 UBLOX
12:30—12:40 UPCOMINDS
12:40—12:50 YODIWO

Main HALL (14) | ZOOM Link 1
Moderator: Prof. Dimitris MOURTZIS

12:50 - 13:10

Invited Speaker: Michalis DRITSAS, Ministry of Development and Investments
Title: Recent Science and Innovation Policies in Greeca

13:10 - 13:30

Invited Speaker: Prof. Spiros DENAZIS
Title: "Supporting verticals by deploying open 5G and beyond infrastructures”

13:30 - 13:50

Invited Speaker: Dr. Evangelos GOGOLIDES
Title: “Infrastructure and services for the fabrication and characterization of Sensors,
Electronic and Photanic Devices at NCSR Demaokritos”

13:50 - 14:10

Invited Speaker: Prof. Apostolos VANTARAKIS
Title: "Service Providing Units of University of Patras”

14:10 — 14:45

Round table: “Connecting industry to academia”

Participants: Babls BAKOLIAS {ANSYS), lohn KIKIDIS {RENESAS), Manalis ZERVAKIS (HETIA),
Prof. Dimitris MOURTZIS (UPatras)

Moderator: Georgios STRAVOPODIS (HETIA)

14:45 — 15:00

Closing Day 2 remarks: Prof. Dimitris MOURTZIS
Edge Intelligence 2023 announcement: Dr. Manolis ZERVAKIS

15:00 — 15:30

Lunch
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Conference Papers

O AT PON

AJA | ID Title Presanter

1. 129 | Finding optimal ambulance parking spots in an urban area using
artificial intelligence

2. 455 | Crucial infrastructure monitoring in the frame of the PROION
Project

3. 1034 | An Artificial Intelligence Framework for Non-intrusive Reduced
Order Modeling

4. 1041 | TSV-to-TSV Resistive Bridging Defects Post-Bond Testing and
Diagnosis

5. 1106 | Mext generation energy data management platforms: the MORE
project

B. 1129 | Designing Intelligent Repair of Composite Structures with The Aid
of a Laser Equipped Manipulator

7. 1385 | INDUSTRY 6.0, THE SIXTH INDUSTRIAL REVOLUTION: THE WISE
ANTROPOCENTRIC

8. 1524 | Vibrational Spectroscopy instruments in tandem with data
science can be used to serve food safety

9. 1688 | Quantification of Muscle Thickness in Gastrocnemius ultrasound
images with deep learning

10. | 1729 | A deterministic digital twin-based method for damage detection
of composites subjected to impact loading: development,
validation and time-efficiency improvement using a surrogate
model

11. | 1800 | Machine Learning Utilization for Global Steering Control Moment
Gyroscope Clusters

12. | 1850 | The University of Patras at the service of securing the future of its
graduates

13. | 2075 | Enabling the future smart grid: an edge computing approach

14. | 2187 | Explainable Deep Learning for localising abnormal Parathyroid
Glands in parathyroid scintigraphy

15. | 2214 | Tuning Renesas Audie Products with Audio Tuning Tool [ATT)

16. | 2220 | An appliance-driven, submeter-based energy disaggregation
approach

17. | 2229 | P wersus NP

18. | 2260 | Bio-inspired, resource-efficient design approach for designing
Deep Learning models

19. | 2324 | ASmart Oxygen Supply Control System Based on MEMS
Capacitive Pressure Sensors

20. | 2583 | Optimizing the relationship of positive-negative effects for smart
homes technologies, with technical and economic criteria.

21. | 2720 | Self-powered loT nodes

22, | 2992 | Design and implementation of an loT-based automated
monitoring and control system of an aeroponic greenhouse

Page | 8
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AJA | ID Title Presenter

23. | 3486 | Energy Disaggregation on Real Time Ground Truth Data

24. | 3548 | Towards Solar Irradiance Forecasting Using Deep Leaming on the
Edge

25. | 3549 | Distributed architecture for a multi-agent UAV monitoring system

26. | 3656 | A Decentralized Collision Avoidance System using Velocity
Obstacle Principles

27. | 3707 | Modeling of superconductive circuits for quantum computers

28. | 4057 | Anterior Cruciate Ligament Surgical Reconstruction through
Finita Element Analysis

29, | 4140 | Real Time Drowsiness Detection, Alerting and Reporting

30. | 5221 | Aframework for in-process guality inspection of laser welding
applications

31. | 5230 | Predictive Maintenance assisted by Edge-Computing Augmented
Reality and 5G networks

32. | 5808 | Optimization of Building Energy Exchange Using Simulated
Annealing

33. | 5960 | Immersive and Interactive VR Experience for Highlighting and
Interpreting a Historic Event

34. | 6348 | 30 Virtual Thermal Imaging for Enhanced Scene Thermal Imaging
Interpretation and Perception

35. | 6899 | A Real-Time Edge Accelerator for Coherent Doppler Wind Lidars

36. | 6950 | Efficient Waste Fleet Management in Smart Cities by Minimizing
Fuel Consumption

37. | 7696 | Energy efficient and reliable smart power grids in smart cities
using edge intelligence

38, | 7860 | Mext Generation Food Quality and Safety assessment in Food
Industry; from the current single measurement to Data Sclence
and Internet of Food (things) approach

39, | 8214 | End-point MCU implementation of Voice User Interface

A40. | 8391 | Estimating runtime, cost for Weather Research and Forecast
tasks an AWS

41, | 8496 | Al-assisted Serious Games: Interrogating an Awvatar in Virtual
Reality

42, | 8631 | Remote monitoring and prognesis of the development of
atherosclerotic plague based on loT and Cloud Computing

43, | 8673 | Digital twin approach for post-harvest crop protection

44, | 8769 | Towards Mearly Zero-Energy Buildings (NZEB) Based on Edge
Artificial Intelligence [EAL)

45. | 8865 | Smart Tunnel loT System for Surveillance and Predictive
Maintenance

46, | 9009 | ProximloT: A Proximity-based Product Marketing Platform

47. | 9162 | Avision-based innovative system for terrestrial metecrological

and solar measurements

Page | 9




Edge Intelligence
2022

EMERGING
TECH CONFERENCE

- Edge Intelli R
ETiA P @ LEn

AjA | ID Title Presenter

438, | 9213 | An embedded vision warehouse management system
architecture for pallet identification and tracking

49, | 9341 | Empowering residential energy resources through virtual power
plants aggregation: The TRUST-PV proposal

50. | 9543 | A CRITICAL OVERVIEW OF THE "AMCIEMNT ARTIFICIAL
INTELLIGEMCE™ SCIEMCE AND ITS RELATION TO THE PANDORA's
MYTH!

51. | 9785 | A manufacturing process digital twin network addressing
business added value
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Finding optimal ambulance parking spots in an urban area using artificial
intelligence

~l 1 AyaagE et RGWDRYY WEq! GReUct Rt AWAc Uec DRY qRY WA
OUR2 It Rq! IOYNntOAc ql ¢t etOARYIOAC ql ¢t elOYQWS Xe

GGl R2Y{ldc¢l Rt oeGeql ¢t ON

Abstract

§210 WqRONAWq6 WG YqUHEqRYUWeUT W6W¢caqb6 Wt 31 2 REIIE WY
b JUT RUNDWG YHRG WWe URGHIW@WId6G6 KOWF HLEBRRAREG WSO Mg llHqRY U
HY201 ¢ DUWYNnWRUART DUt WRUWGzGdqRGOUIWIYHEqRY UL WRY WI
YnWad YARGWWe URqt WRt W3 URqUKOWe Ys 13211 A6 I WWRY Weat Y
lTeMWq6IWGEGYGaedcqRYUWNI Ysq6WRUWGE!I nWWel HeOwHIUq
C2¢CROUCHUGVWRUWY GedaWel HeUWHWDUq! It OWNS Rt WGe GUI Waéb
Gl YHOUDG W ql edHqeal T Wel YeUT Wq6 WWGH ¢ #HI1HCIRGYUDY rLE CRYH AR
HRq! Wet RUNWE!I qRIARCIWRUqUIGEIRNUIUARDIWqYYGt AWt GUHR 3
Gel t RUDW GYqt WeUT W6 WWt Raadeqll WeUUWeaRUNDWEGNYI
N6 JWHI RqlJl RYULWYn W aq AL R d) RIGYRALE caiRAY2(TLE ROHAUD dUSEE LU Tt 1RdY 0 L
ORURGRY DWW IWY211 ¢adWe231 ¢nuwl 3t gYUt DWaqRG IO

1. Introduction

EGUI DUUH! W UT RECOW U 2RAVY AWa Yl ywerYaayYUOa! wr 0ys OU
AYGGI D6WUL R2IWE '+ qUa W6 ¢ qWG Y2RT 3t WI3GI1 nyOr wa i
Hel DWYnW2RAQRAO T HLY6! W3¢ aq1ITURWLD ¢LGRIULT & RIRWIV | LI YOIl W id & 1o 3 130
c20U0NHDEE ¢! Womoé MRy ! MR RGY DOa Ne

| qR3IARCOWRUqUIGRNDUIUARIDWGEY W6 JWGYs Ul WqYWRGGI Y21
Uctaqoérel DoOWf Ul DWRYUqUFqWYnWedHa ¢ URDWYGUI ¢ qR
t RDUR3HcUqi! Wett Rt gaWRUWT UHRY RYUDWG Y2 RO D lig W00 NIRRIHL
nY#rzt Ut WYUWq6WWEacaqaqlll Wet WavYt qWeadHadacecURDW q¢c qRY U
GicHUT WRUWY!I WUN+qWaqVYW6Yt GRcedt AWls 6RASWIT YIIt WUOYq
Gl NUWUH! W WYhe 3t qt 1O

N6 Rt WRY WEWERNGG! WHYGGHIU+FWG! YAGWaWY nwe wl ¢ 0T YawUe
QRGO WEUT WabéWWeeUb¢2¢RUEECHRIORG! WYNnWecGAHzGecURIE We UT
Ynlt gqal ! Wq6¢cqWYARD! { W6 W ¢ G DWNRIVWILEH GY DREIRIU N
| 1t YieqRYUWGI T REAQqR2IWH ' qGAWT ! U¢cGRHWIT WGGY! aU
qRGOIIOWNI ¢ 200 WqRGIVWRY Wedt YW ' Ueca RAWE UT WGI YGYI qRYU
YOWq6 WWUWas YI t WRY WL WRWE oW 2100 MO WHSGT AWGY Y1 W]
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GHetGcURUDWCE2¢RIECHRORg! oW N WnNnaUTl caWUqcaWHEqUINYI
YT JGH Wel ywl gl aRURY qRAEAWY qYHSEct qRAWE UT Wi ! U¢ GRF
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Ns YWWRURq@qRc¢OGWaYT WGt WnY!l Waé W q¢ qRARANE 0ix ERIFLWIEIDE
~9xALRWEN20I ¢ WU+ qlU0t RYUY WYNWAYq6 WGYT DGt Wée2WA
HYUt RT I U7 WGI YAGUGOWNGS It JWa YT 3ot Wicy wd Vil R md R
TROWI DUqWaq! GUt WHEUWARDWT Rt GeqrR6UT WaqYWaqé ywt #1IIU I W
T WUl GRURY qRAEWGYT VGt W6¢ 20 WARILI0OWGI YGYH UT WqVYWeT T
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GacUURUNDW qenNUWe UT WRNUYI YW qYHGCc qRHEWRY UL RT I ¢ qF
EqYHG6Ct qRHEWG YT WGt Wl W) WAqWaqdWIWneHqWagécqWeGHateUF
HeUUOYqWedse!t W Wt GYUT WaqYWe WHe GG OWNSIWIWAHEt Rt WY n Waé
x YRACqRYUWAI YRGWAGWNnY! Gedc¢qRYULWYI W-RE AR ALl 2dUGH R Big U
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ROcaGa! AWl ! UcaRHWG YT Yot WrcUWAWD W+ UT WaqVYWGWI RYT RHAC
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fowl 3rRUI0OqW! Yel +t Wqd Wl YWée2WAHRIOWGaceU! Wt qel RIJE Wal
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YGaqRGOGcOWIaYHEqRYUt WnY! WG nRUOH! WIeRy X3 iR dlop RaYeUsp RO
ctteQUl WaécqWaqdUWal ¢2P0WqRGNVWHNgs JIUW q¢ qRY UL W¢
GRURGRAVWRgOW UWedNYl Rg6aWAect IT WYUWg6 W Raeadeqlll
qélwa YT damwiasdecUNAW? YUNIWVEREADLY Y6 Rg 616 &8V dlid R (D LD
YGqRORAcCqRYULWE G NYpYRGdIFL @2 WY G2 R 1 & B @ & i WG 1Y & 33 ¥ ILtn
20T Ul WT ROWI WUqWt #3U0¢!I RYtOWF UW=ZM=ZMWO9¢!l 2¢d6YWeUl
CUNYI Rag6GWaqVYWt ¥GPULYEHEOGRRYU BEMMBMIGT WYNWE~EW !t ¢
HY211 ¢NUAWs 6 ROVWRUW=ZM=ZNW~YS6!I RWe UT WeenNst 6130¢+ W 133
qYWRU2t qRNcqUUWabNWAac+RAG2GWHY21I ¢NUIWUT NUIWaYHEqF
cOGHzOcUHIIN IR@YI WG DG WH IGE WHc 2t T WA W ¢ Jywe OT wi ¢ UT Y ¢

DWere W6 31 InY!l W JUOWadé e quwy2dl WagdJWiet quWPMLW! 3¢l 4
¢t WNI YsUOWY RDURZIHcUqO! AW ¥y JAqRUNW q6 W I ¢ GRT W q
Y5020 AWt YWneéel WRUOW] I WUIHDALW q6 1JU Ui T WUHE Sh U gdsnret 10D
GAzdGcURDW q¢ qRYUY Wel YWieRUG! WGaeHIT WRUL RT WY1 WU
Cl JWYnaqUWUWGI Y6 RARQR2JIOWNG Rt WGE G WRY We W31+ qllec GG
qélWecaGHz e UHDWOYBRAIMRYNOWILG DogUR@WRIOWNS UT WRt W ql 2 Hq
H6¢c Gaqlll WGI Wt WU0qt W WWaqs6 WYl DgRACOWHEHE NI Y2 UT WY n W
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q6 NWaq6RI T WHEE Gql WGl Wt W0qt W6 IWE YT 100 Ws JWHYAGY 1
Gl YHWT 21 WoWf W6 WWnYe!l qéWs JWE! 3t WOqWaqé Wl Wt 2 dqt LU
gct Wt 2NNt qRYUY WnY!l Wneaagel JW Ut Jel HE KO

2. Background

N6 Rt WWGE GUI WRY Wt ql eHagel YT WH! Was YWaec RUWAYG G2 q¢c qRY
RUqUaGaRNUWUARDalWrGat qUI RUNDWe UT Wa6 WWERGz2G e qUlT W UUWKE

2.1 Clustering

fOWwnNUUl caAWllqé W3l + quwt quGWRUW Ydaz2RUNWeUWcecaHadeU
20T I WAYUL RT Ul ¢qRYUWRY W R2RT WIT WRUqVY W GeadWAYUIIE K
YnW] fEW] BYNI ¢GERHAWT UnYI Gc¢ aqRYREENSC LGS sLUILEYLI U ¢R T130
Gl YGYt Ut Wewl! U¢cGRAWs ¢! WYnW R2RT RUNWq6 LIWE! D¢ Waé !l Y
YITUl WaV W6edRIDS 1T IR0 & ¢ HI6 RDEq! WI D¢ aqRYUt 6RGH WI WDd¢aqldl
cHART JU0qt WY W idld 1YL aY¥s ARAIADRLE Ridn!Yilay e U¢ qlJWs RGO W6 ¢ G
U7 07T WROWe wNR21I0WARG2t ql Wi 21 RUNDWe WNR2WJUWaqREG WIWRC

90zt qUI RUNDWRY W6 WWel Il ¢cUNPGWUqWYnWeWHYGOGWHgqRYOWY
t RORGE!I Ra! DWEGUWGWUqt WARBGYUNRUNWqYWaqdWWt ¢caWWHDTe
ANGYUNRUNWaYWT ROWI WUqUWHTG2t qlJl t KW alll Rt I dIULER! aGLIRLE YlTte L
Gl YR WqYW3 0T WGWecURUNNzOWt ql edgel JAWIFGacUcqVl
AHieat ql RUDWRUG W WOqWRUOLWE W DaqWYnWJI+¢ Gt o

9det qUl WeUc¢a! t Rt WREKUWEIGH mNIGEHINTI LRant6 R Uil ¢ 6HALR W 1J U W N &>
t ROGUOWallgVYWHGet q W RGRGCE! WI ¢ qc¢ WGYRUqtOWeYETH LUINRY | H1Y
cW3+UT Wl GAVI Wot b WYNWHG2t 1+ WRUWe W ¢qct DatowN 6 13U
RUWaq6 W ¢pmj¢dic Id MR ONIIRq6 0 WRT JUqR3 It W6 WWUe GHIII Wt
DeHSWI ¢qc WGYRUq Waq Y Wa 6 13 USOIAGEH 130 ol LERIT2H LA LY 5 &5 GRO0 AJILLLEE +IILLL
NYWT! WqUl aROUVWS6 DWYGqRGcTOW2c¢cde JWYnWt AWq6 JWEGHY s |
¥ ¢ GRURUNDWE WNI ¢G6Wt 6Ys RUNW6¢cqWA! Wel T ROUNDWHPDUq! Y
TR PDEH It oWt ecad! AWRUWI qRe AWR KDIE HOWiAIS Wind aYLA YihoLH ojJAL
Hiozt qll WHIUqI] WRY Wet IT OWNY W BaqWll GRUNDWaS WY GaqRGC
Ynllt We qadé JWbPWaAYs bAWRIOIOWGSE JWGYRUqWE nqll Ws 6 RHG U

N6 Iplldic Ut WednNYl RgéaWaYUL Rt it WYnWaé6! WUWEe ROWE qllGH
FUGUHqUT Als Rq6 W a6 JWAaYY qWHet REWAaWq6 YT WHUIRUNW qY
RUR q R ¢ pRIAC Ut RIWVHNAUBUR Y at WY n Wl 3G ¢ q RYOUN Lldt 60jAUGYLGeo 13 | RiDost Y
FeOGuiUWaqYWqs dWlwel 3t qurlUql YRT IOWNG6 WWaq6 RI T W ald G LWt
b ecaGaUt Wett RNDUVDT WaVYWIe #S WG W2RYet WHIIUq! YRT IOWNG L
Rt WHecOHzGcqUl WeUTl WaBUWEaNYWRg & WL gl GH ¢let Ul @b I q 6 R
g6l Wt 6YOUT IOWNG WWeaNYI Ra6GWRYU21J1 DUt WaqVYWe WGYRUqWs
b qYGH WHI BeqRUNWEUT WYGqRUGRARUNDWHG2 ql + Ws 6 JU0LWa6 1
HO6cUNUWROHIGH WRIVHMZ 2t DWW DWHG2t qJl RUNDWs ¢t W 2 #HEIE |
Raqll ¢cqRYUt WG ¢t WAIWJIUWI WeHSWJT 1O

f Ullgé DWHEY Uqld+ q UYIhell olSURG LU 50 ¢t A EAHLRCTURGIY Ge ¢ | WA! qdé v
Het UT Wlhecdd! WYUW~¢qGuaYqiRAAWEHRA! WwWe Ul W 2 GA! AWRY
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bt awel OorGezt qldl M IBeYd el 13HOW WERUS @il Rt W RAGCHENANXU0qIT
ttawel UoHG2t qldl tou ~13¢ Ut 1O
2.2 Simulated Annealing

E2Y0eaqRYUcl ' WcaNYlI R6Gt Wel DWedNYI RadGt Wadécaqllet |
Gl YHOGUGY Wadl YeNSWGI YRt Ut WaqdcqWORIRHIWQE IJWHIG ¢ 2
YGqROGcOWt RgecqRYUt WHAH! Wt eH AU R2ZUVDWROGEY2RNUGLIA
| JAYGHRUecqRYUb 1O

N6WJW RGed¢eaqlldl WeUUWeaRUNWeONY!I RgSGWAHWGYUNt WaVY Wa6 I
GNqé VYT WRUW@WI Gt WYnWwt Ya2RUNWYGqROGRAECqRYUWG!I YRGIIG
H! Wagé Wi WgedWe 00WedRUNWG!T YA 13% G at®LIHET R IR o1l NAJaIRR 1E LGSV
qYWq6 WWaqUG Gl ¢qel DW2¢l REATGWWGE! ¢alqlll Wad ¢ qlid RARFE
N6 WWOvY2Wdq! WYnWaqdRt WeadNY!I Raéd WRY WaécaqlRalldt Ya21di

GY!I WGl UHRY WO! WA! WRUAYI GYl ¢qRUNWaas YWRqWUI ¢qR21IW
cUUNCcOoRUNWGE VEIBP D G WY §Y Rt WHI Ragldl RYUWNS JWAEt RAWRI
RaqWl ¢UT YaGo! WRUOWYI T Ul WaYWGU!I nY!l GWeT T RaqRYUc G W el ¢
qYWe2YRT WNWaqaqRUNWal ¢ GGUT WRUWGYHEOGWY2aqidRIJIt tOWaA Ye

~Yl Wt GUARIAcCOG! AWlgéDWecdnNYl RaéGWt qc¢l aqt WA! Wi I3 UR
qlaGUl ¢caqel AWqs WWRYYIRUONDW '+ quawe OT Waé 3wW0e a AL LY
g6 DWRUR@R¢ WU N! ALWR HOIJ FOLL ¢H6¢ 1Lz ¢ 0c 2ql L Yoo 41018 YUART 10LH
qélW2el REATWt WYnWad DWYATWHaqR2WIWna UqRYUAWe WU s Wt
2¢le NAWRY WHeOHR20cqUT WeUT WARYAGGE! UT Ws Raé W6 WWGI U2 R

fnWgé Wt YadeqRYUWNY2 Ul WaWeT + WaYWe WaVYs 3 wyuEa Nt W c

HI #GUOOWf nWUOYqAWqs JUWRqWRY WW2¢tdecaqlll Wet RUNWa6 U

TRt ql RAz qRYU WY nWq6 WU NRUOGb WMy élg d JLWa YO lIHE2 Gt WYF
P(E) = T (1)

fUWq6 IWe AY EILRE ImeSadRIVAIGEELD DIV WRUWIUOWYI N! AWt WRt Waqé6 U
qUa Gl ¢cqel JIOW7! WeUcTYN! Algé I We ARHIGqe URNDWG!I YA¢E AR
Gl YACHRORGq! WRY WHcOH2GEe qUT WHYUqRU2 Yet 0! weYOOtwn ! U¢ 6
RaWRt W 20 RARWVUqG! Wic¢cl NUWEUT WaYsel T+ WqédwdUOT Wwyn Waq
cwl ¢ U7 YO WAz QmHWD W ¢ q T WHet T WY G aedé WWe URNY I & W Rt q
§ < P(E) 2
RHRINWq6 DW~Jql YGYTRY WHI Rl RYUWRY Wt ¢qRt 30T AlWlgs UL
HYUqRU21Jt OWE q6 10l s Rt DAWRqWRY W WTUHEqWT awe 0T we woys U
N6WJWe HY2 WG YRt WAYUqRUz Ut WeUqROWqSIWE¢+FRG2 G WU
bidct qbWIOPI N! W2¢de JWRY W6 WWYGqRGcOW YaeqRYUWYn Wa
ECHOWRQWI ¢cqRYULWt q¢ | gt WAH! W T e #RUNWq6 WWaqGd Gl ¢ qe
Tiyy =a-T; (3)

56 1)UL S DWaqla Gl ¢qel JW WT eAqRYUWNeHqY! W Jallé qlla
cUqRIWq6 WG+ RGzaWU2GHINI WYnWH! #HOJF WRY WI J¢e#HG T HOL
YGqRGcaW YaeqRYUWYnWad6 WWG!I YAG GO
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3. Problem Structure and Solution Procedure

N6WJWG! YAGWaGWe UT W1 wWweYUt RT U1 ¢ qRY Uil UBHGUIUR We MBI R: Iq B
QROVW q&EWWUGFRENWMIWIAIR2 It WNMWHCGO AWs SRAVW q6IW el 13
cOGHza0cUHNDY WeqWRat WT Rt GYt ¢caWaqVYLWt W1 2 0Waqdé JWHEEE 13t OLW
sRQ6Waq6WWeT T RgRYUWY nWe UYq6 I We & AHe b ¢ U IARLUERESOAINLY ¢ ©
Gel t RUDW GYaqt WaqYWa RURGRAND WS WWaYqedWe 211 ¢NIWI It C

3.1 Version 1

Initial Cases
600

500 4 @7 220
00 114

1 28
&%

300 1

200 1

100 & 85
o3 &9 &

0

0 llll)O 260 3(I)O 460 Sd{} 660 ?(.JO 800

[ RD®MIWMW Az e URNDWHREOGOW2 Rt 2¢ GRACqRYUWN Y L
N6 DUWHGTGzt qUl RUNDAWRKIWOWNI Ye GRUNWa6 JWRUKART WU0qt WqVYU
[ Yel WrRG2t qUI + Wel JWHERI WeqlTl AWgédwlz GAHNDI WYnlWs 6§ RAGS L
Hizat gl WRt Weat YWeWGYqUWUqRelGWEGHaGe URNDWGE! t RUNDWGT
SsURNWq6 NWGYqUUqRecOWeGHaGcURNDWOYHEqRYUY W6ec2P0WHI
cGHeocURDWs ROGGW I 20Ws 6RAGWRUART WUq Wt YWe W IHRE RY
Ynllags YWGYHt RHGUWaYHEqRY U WRY Waldt qUUDRUBRTE VU e Wby
ADGYUNWqVYWRat WHG2t ql We U7 Wao6 Yt UWa6 ¢ o i AT WHH T Y I U
ERUABRIUWa6 WG Yt GRaclOWE et Was YWecaHade URDY We qWRat W Rt
5 6 RAGWE G Hea Gc¢c URDILLL RE YUK BT 31 Wla dlst dd & ok a

f all GAz0¢UAIW NWRY WHGYH U] WaVYWags JWRUART WUq
f 7all GAHzGcURUDW NIWRY We2¢RUCHTN
f 9all GHz2G¢cURUW ZWRYt Wec2¢cRUCHTN
7AW We !l WWRUT 3GWUT WUqw2lU0aqt toWf nwe w2 30qWRY Wal 2 1
A B C F
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 1

Table 1: Statetable
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f OWHY G2 6 UW[ AWRN Wa 6 TNEY 1L Fe60Yd LR AL SO AR AL0ocSHEMIIID | 2 §
H6 ViAo wy Ullgé Rt
qc HIWAWg6 W ARt RYUWnea URqRYULWRY a
F=~C&(A*B)|(A&B) (4)

Neuwl HRI RYUWne URqRYUWRUT RHE It WIEHSWqRGIIWa6 13
RUBRT WUOqoW7¢t BT WYOWaqéR AWq6 IWT R q¢ UHWE Wx NWeé 0T U
cAFete URNWNI YO Wa6 WWHE GG LWEYHE qRY O LWE QILILIGHE GILF RR 2118 1
naUHqRYUWYnWaq6 WWagVYqedWw It GYUt DWqRGUIWnY!I wWe UWRUHRI

L1 L2

(=t 2 ®)

u U
N6 Rt WRt W6 WWaqYqedWt 2aWYnWagdJWqRAVWRalget 3t WnY! LWa
Rallget 13t WaqYWNUJalaVYWad JW6e Yt GRaceGlOW[ YI WJeHSWHYGHAHRU
QRGO WY LWeE G0 WRYEHGE 13107 IOWR K Wig €16 G WG WY #1317 Wa VY Wa 6 WY H
HYl DWYnWaqé W YideqRYUWG! YHIT 21 UOWf quUWAYGARUOIIE We @ d L
Hecarzdcqldt WeUT W Uagel Ut WgéWW2¢de JWYn Waé OUE@AIIDE D 1JL
BOWI N! WRUWq6 W RGelGeqlT WeUUWecaRUNWEGNY!I Raéalo

Zioti (6)

N

qWags JWAWNRUURUNDWY NWq6 W RielecqRYUWIEcHEWEGHateUF

cGHztOcUHNDWE N qI WT VGR21JI RUNWa6 IWGE qRIU D W ¥ WG B O 0lid
qYWRaqt WGYt RaqRYU Wt YWaécqWRUWReEt JWecUOYqé6 Il WHE OGO WE ¢t
Ra WH¢ Ullg ¢ filRDY220d] IHRUNGGIJAUPCE G Ws ¢+ WHGE Y WUWEnaqldl Wt qR
NYWacUenywleH6 WRUAHRT WU0qWs JW3 1+ qWHGS IAT W6 JWHYUT Rq
fnwWecUWecaAHztcURVWRY WYUWq6 W6 YH GRaed Wt RlJLWE qllgé 13 LW
§q61l s Rt JAWq6 Wl WHRY RYUWnea UrAqRYULWRY WHe GG IT 1O
sURVUWq6NWe GHatecURDWqYWaqet JWY2101 Waqé JWNR2IJUWRUHARI
Gel t RUDWGHcHU WY Wad JWRUART WUqgb AlWx ZWeinl YO Waqdé DWRUF
¢t W WWaYagqedw Wt GYUt IWaR G IANEH GRITHET LR (L callba] GHLINIS LS 4.
HeclOHRzOcqUWagSUWe211 ¢NUWYnWq6 JWagYaqedW 3t GYUt DWqRAG L
N6 DWact qWGe!l qWyYnWagd JWGI YNl ¢ WRURAGaT It W6 W RA2 O«
GYtt RAGUWWHYGARUC qRYUY WYNWGYtt RAGUWGYRUqt Wel IWald
gYqcaw ¥t GYUt DWqRG WWRY W 130 13 HNIRT H{ENG6IL @ BnlJYLL AR LRa06 6RU
t GYqt Ws ROGWANWYGqRAOCTWRUWq6 W 30T Wnl ¢ a3t owf U Wy
qYWnWUT Wagd DWYATWHqR2WIWna UdqRYUOW7 DAR¢ 2t UWaé JWE LWe
D¢ HSEWRaqI ¢ qRYRIAW IDI1I0A)IIT gll YR &I qRG VOWRNG JWE Yie qR
HUOUq! YRT t WeiNZOAWOYNIKZZ T We UT WeINYPOOOALWT MIOOOOL AL

f ~¢+ROz0WU2@ AUl WYNWRqUI ¢qRYUL W WNMMM

¢ fURqR¢cOWqUGGUI ¢qel JW WNMMMMIOM

T 9YYaRrRUDUW !t qJG We W WMDY
N6 WWYATUHRqR2WIWna URqRYUWRY W6 WUWHEeaGWT We UT WRat W2
CAY2UWRYAGHRUCcqRYUWRY W qY!l UT WRUWe W2¢l REHIWALWS 6 RAG
fUllq6 W31+ qWRaWIl ¢qRYUWaSUWGe! ¢alqll + Wel ywWwHee 0N
HeldrHzcqWl WRUWq6 W ¢GWlWs ¢! OWNY W Wl ¢ RUIJLESHEWI q 6 1J1
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frELUK WMAWqS B0 Waqé JWt Yide qRYULWRY We AANGq ¢ AT IE Wigk (LIMIE L1 LI
5 UWI+cdRUVDWSs 6 0q6 1 W6 JWa gl YGYORY WHI Rl RYUWRY Wt

fnWRqWRY W ¢ qRt 3T AWqéW0Ws JWe HEWGqUaS WIWbHET Wt Yie
| UTUHqWRqWe OT WG YHWIT WqYWeWUWs Wt YieqRYUOW qllgé 1
| Ja¢cql WqYWagsWwWle & AL WY n LR QDY andLi M AL G1IUL @0 R (&
#Y2 UqUl Wel WWe GT ¢ qUT We GGl YGI REqla! 10

3.2 Version 2

Initial Cases

97 Bos

600
500 -

400 - 29 é 404

#
300 ¢

a7
200 105

100 -

0 T T T T T T T
0 100 200 300 400 500 600 700 800

[ RDel DW=ZaW GHzocUHNDWHcOOW2R 2¢ G RAcCqRYU
9VYUt RTWI RUNWaéecqwz2 I3l + RYUWNLWRY We W HEYdd WLdug Ridtasr i !
| JDRYUt WnY! Wt #0¢I RYWZWe !l BWHI BeqlT WAHeH IT WY Ulagé 1J
| JGecqRYUt 6 RGH WRUWqUI G WY nWTl YaeUOT IOWNYWHI e qlWaé 1l
TROWNI WURVWaS6Caqllgé IJWEDTHY s I~ I0d M ¢URE Rilo ¢Jd) 160G dlin t¥ R (LG I

The Elbow Method using Inertia

800000
700000
600000
500000
400000

Inertia

300000 -
200000
100000

0

Values of K

[ RNDel JWOaWEGAHYs W~Wqé VYT Wet RUDWF U1 qR

ERURNDWqS6WIWEYt GRaqecaWUYs WEet W6l WWIWeGHate URIIE We qll
GYT R3IUI WaqVYW U] URAqWaq6 JWUONs WRYUT RaqRYUY OW[ YI WIJ¢ HG W
qé6WWHRcGIWHRUIUq! YWl DHIIR21Jt We WHE HYDWLRE DILDRWEE U # RWD
¢cUT Wn!l YOW6WWGE Yt GRacdWRY WHcOGA20¢ qT IOWNS It JWT Rt q
RUIT RAC qU W6 JWGI RYI Ra! WYnwWecGHzaac UL WRUOWY!I T 131 WaqY W
YnlWaé6 WWe G Ae b ¢ UHAHIIOUISRS 1UGIBHE GURIBIIT ' AlER KD W ¢ q W é IR WGe |l t
Cl I R2IUT We qagéWe Yt GRacecdWe U Ws 6 J0OWq6 13! Wel U #6137 2
c¢c2RUNWRI WUqR3I VT Waqdé 3t DWas YW J! WGE!l ¢calaqlll + A6 1JWC
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fnlWgé WWHGYH It qWid YHeqRYUWqVY Waq6 VWRUHRT WU q IR Wa 6 1J LU
q6 11 UWe qigqééc qqRaPIAWLE RARGE | WqVYW2 131+ RY ULWNOWF n Wa 6 K

§q6l s Rt JAWq6WIWT WARt RYUWna URqRYUWGUI Was VYWeadHe2 O«
ne URqQRYUWRY WHeGOUT WnY! Wg6 W31 + qlgs YWec aHaedcec URDE AL
cCOAztcURVNW=ZAWaqS VUWRqWRY WHeCGGU6 WZDICERRYUMWVRILIKRAE R &
b UEYOT WqREO WWRY Wa6 WY UWWa6é qlls RA G Waet IWY2 11 Waé 1 WR
ne UHqQRYOUWNYI W6l WUOWeadAede ORI WRY WY LW WIWs 613q6 131
Hect DWedaWeaHe bc¢ GRILEqUs dIILAR 3 (DalPRY Rilicctt RNU T WaqVY Waé6 1 LW
cCHHEYI T RUNWqYWq6 JWGI RY!I Rq! WiRt qtO

4. Results
4.1 Version 1

IwGUUqRVUUTwRUwqémeIUERYeIwﬁééGqUIwsww3llmmﬁlI
et RUNDpHIGS DWWE aNY!I R6GWs RagéWul NIOWNS DIWnYel WHG2t qldl i
ROWq6WWnYddaYsRONDWI Nal 1JMOWNG DL R G di BITWR & 11318 Bidh WY & Y la

K-Means, 4 clusters

600
|
500 é‘f x JZO
old
400 8
Patential ambulance o8 x ¢
X parking spots
01 @ Cases
M Hospital
200
100 & &5
s X

Hy &

0 100 200 300 400 500 500 700 8O0

0

[ RDel DWNawgoBat qd RUNWN Y I

SURNWq6 DWHIDUq! YRT + W6 ¢2PWWARXIOWT Waglll aRUNJT Al 6 JWGIT Y
CUNYI Raé6GWs 6 RASGWI Ut eliqgqt WRUWqé W3 U0ecaWwWGe!l t RUNDWYE GY
FHYIDWYNWNAOKTOTWE UT Wagé 31 3n Y 13 WailRce 2q30t ¢)a0 1 Wa Y q ¢ G LW

K-Means, 4 clusters

600
0

500179 320

14
400 L pe x &

Potential ambulance
parking spots

Cases

Hospital

300

me X

200

100

(& &
o3 x Y &
0

0 10'0 ZOIO 360 460 560 660 760 800

[ RNDel DWPaW8GqROGcOWRARYGHRUecqRYUWYNNWGe! t RUN
NSIWJW Rt q¢ URIDY Wx NAWx =We OT WEWHY! | 3t GYUT WY Waqd JWnl ¢
qYWAPDWEYT R3VT WHet OT WYUWg6 IWO=ZaNWt A¢caoOW ot YAW R
cnaqlll We WaqWaWGe YUWLWHE O G Wa VY LHdIdLd 19 &ollU ALY OB HII0 | q2JR HLSH
GRUz2 qt towWf UWagdé dWage HAGWWags IWHY!I | 3t GYUT RUNDWZ2¢ Ge It LW
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2. PROION Architecture
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2.2 Accelerometers
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2.4 Soft computing algorithms
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3. Outlook for the future
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2. Machine learningbased Reduced Order Modeling

2.1. Snapshot matrix construction
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where¢ (0FH ) is a snapshot of the parameteH, at time 0.
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2.2. Dimensionality reduction
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2.4. Parameter regression
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3. Numerical results
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3.1. Test case 1: Flow past a cylinder
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3.2. Test case 2: Wave propagation on an aluminum plate
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3. The Proposed TSV Testing Scheme
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4. Simulation Results
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Proposed Technique [11]

Effectiveness Detection and location of resistive bridging  Detection and location of resistive bridging
defects between two TSVs up t8KOhms defects between two TSVs up tdKOhm under
under process and mismatch variations. process and mismatch variations.

Silicon Area Cost for Testing 1 MUX, 1 XOR, 1 NOT 2 MUXs, Flip-Flops,

and Diagnosis and 1 Scan FlipFlop per TSV. 1 NOT and 3arge size transistors per TSV,
plus 1 AnalogComparator.

Design for Testability (DfT) All-digital design with standard cells. Analog and digital design with custom and

Effort standard cells.
Parallel TSV Testing Feasible. Not feasible without the useof a dedicated

comparator per TSV or cluster of TSVs.
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5.

Conclusions
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Abstract
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BESS Battery Energy Storage System

HMI  Human-Machine Interface

KPI Key Performance Indicator

ML Machine Learning

PPC  Power plant Controller

RES Renewable Energy Sources

RTU  Remote TerminalUnit
SCADASupervisory Control And Data Acquisition

1. Introduction & Technological Background
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1.2 Challenges to the current architecture
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GYt Ut WeWaeTY!l WqUARSURHcGWHScGIWUNUWNY! Waqé WU
DE GUHqUT WaqYWe6c¢ UT 013WIJI#+ alé 10s IBUR GLLD AR SHNI R &) $) 11LR 4oy i 10 13
| JNetdcqRYUWs Rg6WUY WG e quUUA! WeUT Wacec+RAG2GWI DGREHRI
921 | DUqi! AW JWI+F Rt qRUNDW !+ qUat WrHRcUOUYqWt ¢ qRt ! LW
G¢ct RUNWqé Wl WedWagRaWWa!l WOT wWeU¢d! t Rt WIRGGYH Y RAG IO
| JedWaqRGUWI DGYI qt W Wt edqRUBRMR MIHAG Y RUAMY & UMK RMG WG
¢l WWe Ut #E T 20T W D¢ 0 Wa R Widuuy ra d@glY aqic 8 WGE & G R I8tTg IR dy Y WL
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Current State Emerging requirements

Locally managed servers Distributed servers and edge computing

nodes

Batch analytics on a few Streaming analytics on thousands of

billion tuples billions of tuples

Aggregated values for 5-, Values for at least every 100 msec will be

10- or 15-minutes intervals  required for analytics

Calculation of simple Real-time patterns extraction algorithms

analytics will be applied to sub-second samples for

thousands of streams

Ne HGWwWNwoW9 21 | DOqWt q¢ qlWwWe OT W3a ! PRUNWHGS ¢

2. The MORE Project

f Ul DWRYUqU+qWYnWaqdJW~8AEWec ZM=ZMWI Ut Dél AEWGI YT
bl NcE WA96W ¢dHY!I NWOUR2JI Rq! 6 Wf 7~6WAWNI AFUGqRY U L
g6 lW W3URqRYUAWT W200YGGNWUqaAWe U7 Wiz o sd R b MY i tEo
GiacanVY!l Gt Wel DWI+FGUWHaUT WagYWRUNWt qwe UT WG YHIJE + WG ¢
Ynlt ql JeaRUNDWeUcd! qRAY WYUWg6VYet ¢UT Yt WYNWHRGORYUt I
HYGGe qRUNDWUOYT It 1O

2.1 Challenges to the current architecture

[ YHzt RGBNAUVABL G 0 J0NIIt WGl 3t WOqUIT WA! Waé 3WUIT Wn Y1 W
¢ U7 WUoRARDAOIQIUIAWIBTIMI WT ¢ q¢ WRUNWY qRYUWRYAGGYUWUqWRH
~§AEAWNY!I WHYU21JI qRUNDW gl Bea RUNWI ¢ q¢ WBWRWIqA WkRA Y
¢l DWRUY I qUlT WRUWgS6IWHIIUq!l caWl ¢qce Wt qY! JOWNG JWa YT
Do RERIUUqWI ¢qellgl ¢ Ut ARt RYUWEUT WRUNWY qRYUWYNWAEE

: ¢

Cloud Data
Store
ModelarDB Server
ade »
3 Storage & Quary Ergne
Ecge Deta roe oo ek

ﬂ Modelsr 7y
08 tdge Deta 1}
» e up Transfer
Sacrnge b Cuery Historical .
frgre Storel Predictions Data
Visual Engine
$ - :
Real-time On-demand Visisal Analytics
RARRT Processing Processing

Edge Analytics
Engine » Complex Event Pattern Extraction

Process Detection
Data AutoML
IMIA & Scalable
orecatin
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N6 Wl ¢ q¢ WRUNWY qRYUWHYAGGYUNUqWs RGGWANWNEY quwWiUYe R
RIOJIDAWARGORY Ut WYnW2¢deldt WG W ¢! owf Undt qrRYU WY n L
QYT Gt Wwel YWal ¢ Ut ndl 1 3T Wa Y We ¢ UOUIRAIMAIY ojddd IILRRIG Y 13 Loy F
Q6 0Wl ¢qe Wre¢ U qROTWAN W2 31 RUIT oW 6 JUOWad6 IWT ¢ q¢ WRY |
¢UT WYGqRUORAEcCqRYUWYHHA I Wet WaYT G+ Wnl YaLWwt 32131 ¢d W
bIHY WO RARIIUqQt b WRILLDG W VY1 RUAAGYIE A 5 9RU6 B-E00QdLs 6 13 U Ws RUT Wt C
2101 ! W RAROC!I WazZAawoew] R21UWa6 ¢ qWHAGY2T WEYH qrRUNDWHY
D+ GUUt It We Ul WRURAI Wéet DWW ¢GRTO! Alq6 DWRGGE AallVYn LW -
GVt GURqWYNWI BT eARUNDWY ' qua W Ut GYUt DWqRGWAWE! Ye
YUl ¢ddWet I WGl RIUARVJIWOWf UWq6 R WT RI WAqRYUALW q6
GYtt RARGRqRUt AW ¢l VW e¢UqRARGE qT W qVYdhlWwE 8HIIR & 6 1) Y:
t RDUR3ZAcUQqO! W6 WWY21 ¢GdWGUI nYl GeUrIWeUT Wne URQR

2.2 Real-time ML analytics engine

N6UWUWs WGaeqnY!l aWWUEHIUt WaqdWWGYtt RARGRq! WnY! Wt
ADRYNDURqRYUWe UT W~c¢ASBRUWDWXx Vel URUNWGYT WO WAHY q6 WY UL
Q6 WEUT NUWeE!l BWal ¢RUVT We qRIRARUDAY D IJLUS W3 & RIS 101 b&
QYT Wot WRcUWPR+FGaY! DWeWAHI YT Wl Wnéaqel DWW JalOWNG 1JLWHE
AUOUOql ¢awt I 201 WRt wyOa! WGWI nY!l aWT WnY!l WI+A6¢UNRUON
N6 WUW~8AEWGHcanY!l WG| R Tgdtl GUA 1 YW Ol cUileFa e Ud] claicldA # 2 |
CGGURACQRYUWYNW~x WRUN I 130 H1JIUpf A 1D G éldy aplil ROOHLY % Rl Ud*
AYGGUU+WU200qWT DqUWAqRYUKOW + WelWl Dt 20qAlph Bé B}
cocl Gt AWRY O GUclXH! LbuRA H LlecSUel aliel UJ tue R I WHIT Y+ WHY I Jd¢ q
GYtt RHRIORq! WYMBRI VG EnREYVWRUWREGE WGYs I WT NI ¢T ¢ qR
b GUHRIHIWHAC 21 13t 1O

3. Conclusions

fUCHRAUI Y WRt WeqWaqsWWnyYl Wnl YOqWYnNnWAEEWT ¢cqéeWac! t

RGGUNAGNUqRUNDWUY2 130 W 31 2 R HIWEEAIR UG IV f gNl | RIHDYL26] 6HL.
NE¢RUt qWad Rt WHeHE NI Y2 Ul Alqdé IW~ § AE@IGT & /O Y ILIG WiRE dUR

b HEOGEARORG! WeUT WeT 2¢0RVT WGI YRWE T RONDWNI ¢dWsYI t 1O
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Designing Intelligent Repair of Composite Structures with the Aid of a Laser
Equipped Manipulator

EG! | RT YUWAt ¢l I ¢t ndW] IYI DUWEYqRI Re¢T Rt AWNSIIYT YI Y
20Ge!l qiUUqoYnto~ A6 cURACGIOEUNRUNIYI RUN®E DI ¢0pA B @Iz R H 1
b Gt el l ¢t oaeGeql ¢t ON

Abstract

xYs W20 YHRq! WR oG éeHAopte LLRIY WSH[c A IWE W2 ¢ 1 Re qRYU WY n Wt R
TROWNI WUqWaq! Gt WYnWI WGERI WaGNq6YT+ Wdec20WaqYlWacet L
NG ARqRYUAWO2 G RACOWGAGYT DGt W62 W0WaqYWAIW 2130 Y G
1Dt 2Gaqt OW G YAWqEWWeeqYacqRYUWYnWagd6 Wl WGERI WGI Y
OUR2UI +t Rq! WYNWA¢cql ¢t Wbl ~xW] 1 YeGeWI W20 YGWT We ULW
b gl edHagel 13t WadekgUUN dIRAE Wd WANGxt ¢ qY ! B¢ RME 1)WY 2G4 6 €
b 6¢ Gt Ws RO6 Waq6 WWERT WYNnWeWaet DI wayYl eadwe 07T WHYz Ol
NeUJWt 't qUaWs RIGWRUqUI ¢cHqWs Ragé6WaqsdWséaacecUWat I+ ¢
b2 NAUUqIT W e dRq! WNWVURUAI ALd6 cldspR i ¢ R oRldl 2'nccaFRId Ust
qYWRUAGaT WW62Gec UWAHWNG6¢2RYI WRUWg6WIWI 3t RNUOWe UT WYG
D+ GUHqUT WaYWst UWgé Rt WaldH6 UY O YR dlig Wile € 6 R alillay & 1JR 2 1
ROGII+ RANIRIYIWSIR G@ W D¢ T WaqYW2cel RYet WGYt RGR2IWJWRG G F
b ¢2RUNDY AWl T eAqRYUWRUWGE2 G ¢ UWIN T Y1+ Awe 0T W ¢nldq! 1O

1. Introduction

RI Al ¢nqli¢c! VWt eATURqWaqYWN! Y2 Ul Wwe UT WGWI RYT RAEWAQ
| 13t YI qRUNDWAY qé Wa VY Wal ¢ T RaRIYIUG IGdLFRdRR 2 I8 L dURiUdy FEUOFHLbER Y20
Eal YGUcUW 2R¢qRYUWEeENnUq! W nNRA!ILLLeES LEq YohbOTBENYN ROLLLCHC
| 3t 20 qRUNWRUQYWERNEWHY qt WnVYl We2RecqRYUWRY O Ge URIIY
TechenNWt WYUG! WRnNWIYARECORADT WRUWqS WWHe HRUWY I Waqé6 JWGI
¢t Wneat DOACNUAMNRRKURAMOGE WHRGOARWe WT UnWDRqWYHHA21 1 130
q6 1! Wel JWUYqWl DeHGECHGWWNY!I WRUY GUHRqRY U WG AN @l IIGE F
et WnY!l HUT WE2REqRYUWYI NEURAECqRYUY We UT Wl Wizl ¢ q VYl
| JaYqUWs YI t RUNWAYUT RqRY Ut WaNewws Ulgé Rt WG DA Rt I4
| JGeRI WRUW@q6WWE W Y GeHWWRUT 2t gl ! WeHI Y WewWwWz2el R
HiWDec URUNWI YAYqt WrecUOWet t R qu&RIWHT &I IR W # o BIG 1D L) @112 1
~¢cRUqUUCURDAWANGERI AWecUT W2Vl 6cedWHYGGEURIY Wb~
¢ttt Rt qUWRUWHAGSWIHT H IOW RI Het WGI Wt JUqUT Waé WWec@mnNe ! Wy
q&b |l qWaqUHESUY G Y NRJIEHIL ¢ETauuRIDdrd YicH IROR WY G ¢ qRY Uc¢ G LW
CRIAHI ¢nqWeUT WI YaqVY!I HI ¢nqlls Yl Gl 5 RIgIII sqT & ol R 21 o RydJs
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TW200YGWT WRUWARY YGUI ¢ mHEReYt U sURGaRS! LH | Rl nimeLll R c¢dIi H o YROVIID LU
RUt GUHqRUNDWaS6 Ve GGl WGE | at phuW Intld)lé didlc IRT 1Bt0 ¢ G fqdiné d 1D
| YHYqRAWRUt GUAqRYUWE UT W 1JGEiRI AlgRYOM GR T LUIEUHCOR Ly Ye Linsa Yl
I BaYqUa! weYUql YGOaUT WanetWwWxenagéc Ut ¢ UINDHSG URT kt Wc ¢ ¢
Q6 0WEaNUIWI YacUT+t WYnWRUNY!I G¢qRYUWT ¢aqé Wl ¢qldt WnYl U
cisc! t Wre U WH St RlogR YIUUENe d WAIUmWGa ¢ U0RT WrRYGGYUWUGqt L
cU woPuHEPEt el WASCUNUY Ws RS Wad W I210YGUI + Wadl Ye
N6 DWRYGGIW+FRq! WYNWERI Al ¢nqWidecRUqUUe URVUWEHqR2RQR
YLt Ut WagéecqWYGUI ¢qt WYUWERI HI ¢naqlWll WAY21I1 JT WRUI
Gl Y2RT DWGI UGel ¢qVYl ! WY GEIGE @RY & ¢ lijR & 8 @IS 1A WH e RILA ¥ & @l
TR GHYDOAGUY WnY! WeHAHDHY WqYWaqé IWs YI ¢ Wel et WaVYWHe
ciot YWRUHAG 2T DWet GUHq W e HEGWEt Ws YI t WeqW6WIRNEque U
CHQR2Raq! Waqé 1JW Y L Gl KGR RIT dll ¢ YEdta RY Ut W RY W e AYea
[2]l q6 I GYI DAWgqSWIWeEHqR2Rq! Wl DG c¢qlT WaVYWett Wallgd 11
oYl quWRUWaqUII Gt WYNWaqRGWWsi YI ] YsbeWeUT WIFGUI qRY 1JH
T ¢a¢nig!'WYRN WG YR OGRANDT WRUWq6 WWHe ARUWY ! W6 DWGI Y#RE
met JaenNUAWSY!I RAYUqcéea Wt q¢ HROGRAI + We UT Ws RUNt Als 61
| DeHR6CAHTUWNY! WRUt GUARqRYUWE UT W 1JERE R TUDNAE IAILEGRRY203 | |
Acqidd Fdlll] | Ye GWBIOA No ~xbWI W20GYGUT WeUWeceaqYhcall
bl edagel 3t Wap cqlil De #EIT WNA X

N6 WWaGecURGetcecqVY!l WRY2GT WI DaY2U0Waecqll RedwWRUW2¢! RY.
QYT 20 NOWq6 W W20 YGUT Wacet W WaYT edWWs ¢t WIU2RE ¢nNW
HYOGYt RqUWGH ¢ qlt OWNSRt WaGecURGelcecqVY! HRY6 LRGN WE RL
niJécagel 3t WeUT W Rt qRUNz R 6IOWNGIJWI YeT GeGWYnW YRUNDLW

2. Automatic Repairs using Robotic manipulator

[ YRzt RUDWYUOWeT 2¢UHIT WHYAGGYt RqUWt ql eHgel ¢clGWAYAGY
H! W21 ! WERNEWGI YT e#qRYULWHRYY qt AWHRYAG GO D+ W 6¢ GIIt We
Gcaqlll Redt Wet DWRUWERI HI ¢nqlué ¢t WR ORI WE Y dIW 4 LIRRINLBo0p LAl
HYUt 20 GqRYUWI WT e#qRYUKWe Ys J2 101 AWaé 131 JWe ! Wiy Wws 1
C2¢RUOCHONWqYWI DGERI W6 WawWeUT W WWHYAGYUWUqt AWY
Jt qROC qUT Waé¢cqlA! IBMOPAAILBEd Rt WAOE ROgBUARGIRUNWRUHA
RUT 2t ql ! AwWeUWet qYURt 6 RUNPHME QAOCHIMI G AY U LIS HGUWHIRD & U
q6 Rt W Wet YOAWERI Al ¢naquWAYUL ql efAqVYl t WGG¢UWEa NIIWRU:
Gl MH Ut WYnwo[ AAWwWe UT WaqYWT 3200 YGWUoUHqR21JAWI YAzt q
Gl YHIUt + RUNDWHe U W g @iV | L) LIEGLYE ¢lIAIRR OJIEGYOA G Y + Ra I Wt ql 2 H
GEq6WYGqRORANT WNWUYGWal ! WRt Wn Joght IR A GUEHKOLTNBRRA ol ¢l cLiEH
Folel W ql 3UN@6 WY nWaé 1JWIPIIGHOIRN 6II0 WR U dId ILLE # dIRI U1 R1FLR @S
HYGGYt Rt WrHecUWAGYT RNn! Wq6WWG6! +t RAcOGWe U1 WHBG IG RHAE
Q6 Gcill @B UBRYaq¥WiGU YBGHOT RUNDWYUWq6JWact I WGe
Gl YGUI qRIt WaYAlWde IO

fUWI WGERI WaqWHsUYGYN! WnY!l WRYAGGYH Rt AWAYUT T WHYG
qd6 1! WIOH 21 DWERNEWIORHRIWDUHA! WYNWTYRUqt AWeT Whe ¢ ald Wl
N6 Rt Wic¢caqaqlll Wet GURAqUWRY W2 WUE WREBY VYot Ua iR # Wila B W elH 1
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Ge UGt b WHe qWRqWRY Wedt YWe GGl WHRE qWT WRUWRUqUI RY! W
qécaqllqé Rt W WGeRI WqWEsUYGYN! WIUOt 21 WWERNG I WGWI nY
bil Ut RUWRUTUHGER Y Ul elgiiHs VRB@ DN dimé VOO URBISE qHG 1Jt AL
| 3¢t YUt AWAYOT BT WARYAGGYH RqUWt Hel nWIl WGERIt Wel DWRUH
sRa6LWt e AALDE t nead Wl Ut 2dgqt AWe UT We Wl Wawd2¢U0qil Bt Wel A
YITUl WaqYWRRBRVNBRWRgOWWDH Y20 Wq6 IJWYGUWUWRY + 213t IOWE
| DGO ¢ HRUNAWA! WAHAYUT RUNAW q8WIWT ¢GenNUT WGe!l WUqW G¢q
GUHG6CURHCOGO! Wne UrRqRYUCOWAICqUl RelWuGeqrG6b Allect WRU
NS IDWE ¢ RUWRY + 213t WYNWAYUOT 3T Wt #¢l nWl WGERIH WE WG ¢RI
AHYUT RUNDWaqUWHSEUYGYNRACOGWGE! ¢alWlqdl + OWARINe!l TRUNWqE L
ROGUORIUY W6 Wl WaGY2c¢hWYnle Wae !l n IRl dgRop! YURY Ll dJW@iTe
TecaenUt WRUWGe!I WOqUWaeqll RedowWf aGYlI qe UqwWAYUT ROUND W
Hel RUNDWobiql DeqaWUqWGI Wttt el WWeUT WqRadGUI ¢qel b tOW K
qlUAS6 URNe 13t WYnWo[ AAOWO Ag 1N 10U G0 (Y1 @ 20T 116 RI2 W TLE WY e |
gl JUNq6Ws ¢t Wl WEHY2! WT Wet WsPWddWet WY2U! WOPEW YN
I WHY2101 37T Wt ql JOUNgéWs ¢t We qWZPEAWYHqe RUWDT Whn! YO Waéb
GROGUT W VEURE &M NME DYs UT Ws R WIYEW] RUcGG! A6

(0]

HYOGGel RUNDWs Raé W RGRGE ! W 13t ¢l HE WR q WHREIBUFR I Ge! R afld
FqeUT ¢l T RAGCqQRYUWY nWg6 WWaEWq6 YT We UT WRat WRAGGHOIWGIWUq
Cc

NSWJWl Nl JuwynwdyY2laaq! WAe UWAI WY+ Gae RUWDT WH! Waé! 1313
N BU6c URRUNDWHY bIGYIH R0 Wil IDEGIRIYIBGY | q2a URq! b A

= ceqYhcqRUNWHEYOGGYt RaqUWI WGERI WeiHYt qWw BT eH#HqRYUOL
0 T RDRqRt RUNWHYGGYt RqUWI WGERI Weiec2aNGWUqT WéeGe¢U

The stepped The adhesive on the left and The final repaired area
repair cavity the wet patch on the right

[ RDMB qUGGUT W Hel nWl WGERI O

2.1 Enhancing Composite Repair

N6 1JWhe ¢ GFRYqU TUWYT MU gBGXUR | WT WGIUUT + WAH! W 32101 ¢alWneHqVYI ¢
ql JeqaUUqt AWeT 613t R2UJWq! guAWRz1 RUNWAYUT RqRY Ut AWT
¢cUT Wl 3t RNDUWT AWRUWYI T W WagVYwne ¢l ¢ UqlXRUAAT WE T133nReYela@
BDUOqRI WGl YRt WARYUL Rt gt WYnWt R¥FWH qUGt allecb WT ¢aen
Gl WG¢l ¢cqRYUGBWI bWGEqHRSWNEAHI REcqRYUG Wb W 3t RNUG Wn ¢
ARROW2ec¢aRT ¢qlT WG V2RO ®ID WG @D WM #HE& 16 WiJd diR s WAEIRE] 11
g6 Wl WGERI VT WHYAGGY RaUWGe ! qt OWNWIWUOU+Faqllt qldGLqb ¢
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b 6 ¢ Gt IOWNS WY qAEYGUWs ROGWAN W6 ¢ qagdé JWYGqRGRAIT L
TcaenNPT WGeUNIWsRa6WaqslWaecRUWeT 2¢UqeNUWqdJWI I#]
Gl YRt Alls 6RAGWI Dac¢cqllt WaYWwt ¢ 2RUBIAqE IS L dlidtdy 1012 R
| JGERI Wt Gt OW9¢! Wt 6Yedl WAWWget WUWqY Wa6 3WUIIAL
Q6 UWI WGERI WnY! WaqdWWYGqRAGCUTWNUYaWg!l ! AWAYGARURUNI
| JaGY2¢HOUIWGGe ql Ré G WO UlglR & W0 % 190Uy LW dlet(EFE60RIUN RUD 1D ILLLR ¢
it Hel 30N WY Wbl YeNSsWaY!I WWe Azl ¢ qPlWOUGe HSERUWUT Wa
ceqYUcecaqRYUWYNnWaS W #¢l 30NWGI YHIJN F Ws ROGWAHNDWYI2Y[2
nl YOWq6WWYVYRNDRYGAUTWBWIGt WOYqWYUG! WYOWaq6WIWT ¢act
NUYGWql RACOWGE!I ¢l + WYNnWaq6IWT 3t RDUWT WGE qHG AL
YGqROURA¢qRYUOWNGS IW 6 ¢ GUWe UT Wad Wt A#¢l nwe UNaG 1wy n W
q6dJl ¢GcecNUT Wacqll RedWqYWAHIWI 3GY20T Ws 6RAGWe Ot YW
| JG¢RI RUNDWQRGWOWNS DWHSE YRADWY n W6 W WGERI W 21 n¢HI
teASWCEY WH21 2¢qel DWYnNWq6 WWHRYGGYUIIE & iU I q 613 1LY N &
I JRUNYI ARGV Uqt AWUIT NIt AWqé REL U+ WHECUNIIY AWAY O q 1)
ARaYUNt WqYWeWwWavYrHedwWGaceUe!l W WNRYUWs RaéYe qwWrYUt ql
FEel 300WE 21 née #IWHACE U WAL R 1ok G0 | LI YR GUGIS QIR G oFFSHIE O LT
¢t GURqW ¢qRYW Ut GUAQR21JG! IOWNG 13t DWa ¢ aqaldl W 6¢ Gt L
nYl W RAGGUWWI WGERI+ We UT Wi YWOYquW!l DhueRI DWHRY G GO 1J# LU
| WG¢ RINMMGeal tnaplic + + 2 G WHe2 1 2137 We UT WRI T WNadel W 6¢ Gt

bl edgel caWmYUt ql ¢RUqt We U7 Wadé 3t WWHERI A at q¢ O W
NUIUOWI ¢qRYUWe UT WGermrSERURUNWG!H YHIIJE + IOWN G 1R HXEnaY1d TIIHoLbat 6t
s 6 RAG WI Whue RI 13t Wt GUARIAWU2 Gl RACOWaqVYYdt We RKJOW

bI? Nb FOW?NWRY WEUWRAGGY!I q¢e¢UqWT I R2ZRUNDWqUHSUYTYN! Wq
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2.1 The first Industrial Revolution INDUSTRY 1.0
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2.4 INDUSTRY 3.5
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Quantification of Muscle Thickness in Gastrocnemius ultrasound images
with deep learning
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Abstract

N6UDWeceqYlcecqRAWWDFql ¢cAqRYUWY n W& 2t HG 1JURGSRROFR HELTH L | LRt ¢
qécqWéct WHRILIOW qal RUT W+ qlUt R21I0G! WRIOGE AR IL! Wo
¢ UT WY q 6pWji BidJlo@ Y U2 Y e qRYUcdWUOWel ¢dwWOWqs YI t+ Wel 131
qs@yqGWe GGl YEHGWRY WEEE WD E &0 &0 Wi 5 BIRE o0 10 Hiqholl + W a6
FONGUUqY!It Wel DWRUAYI GYl ¢qUlT WagYWT WaRUWEqUWaq6IWI
naldl s¢l T+ AWqélWiet HIGWWa6 RAT U+ WRY WHecOHa2GC qUT UL
¢GYUNz | YHI HWaaullzR@E G VWGYRUqt IOWNG DWW+ ¢ G RUDT WT ¢ qct
YnlWedql ¢t YeUT WRGENWt WYnWNet ql YRUWDGRezY WGWT RedRE U
b+ OWADNDeI TRUNDWa@6 W Wt edaqt Algs IWT DUGWIRB2 ORIWMNW
t RORG ¢ | Widy2Ud @ W@ nYI acURDOW UWGe !l qRA2G¢ | AlWe WY 21
cUT WqéWWaecUectWhet AROVDWq6 RAT UIH T WAGWEt 21l 3GWIUqt W
| Ut el qWagécaqldl BaGaYUt ql ¢ qldt Waé OWhBE o & ARG Ry @ @IV a @a & 6
cUch!t R WYNWag6WWaWet el WGWUqt WIF6RARgt WOY W '+ qldd
q6 VW PPEWIRORgt WYnWenN! WUDGUWUqoW[ RU¢cGa! AWl g6 DWW aqs VY
HY Do RARIIU q Wel G WK LAVIOMNINGAIILLAf¢ I R e ARINNILLLL a2 | Get 13T
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1. Introduction
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b ql efAgel JWaNewWwWeUTl WGI Y2RT Ut WadzdqRGaWIWeT 2¢Uqce NIJY
EGUHRIHC OO RURRA RRIJALWONDAWGY | q coFclia A GYY2s R HIM # LidicLL
RG¢NDRUNWYNWq6WWéaacecUWaeat #O I HEUE LIRWDRIEHDYR UnReHICofiLILEl GYGE
Gdet HOVWq6RAT UL WaWct el DGWUqWT 2 0WqYWRagt WHEYI T
Gel qRAzGC AlWltet HEWWE! Gladlddue NEKRIUDALER d1ALRTe RUC A 1ILGE apl6 W
Ge2WAHIPNOW WGY!I qUT WqYWeoWHqWdzt HIEWWag6 RAT Ut + HOW]
tel HYGUURC Woec WHYGAYUWT Rt Déet DWRUW@S IWIIGT DI G! b Ws F
UHt Alle G WEGRIGULG 2 + #OG D Wn Yl Wet RUNDWa6RY Wa et 2l K
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| 132 1J¢ 0 IETH IRGAGRIIIRMY WY nWeceqYGecqRUNWq6 13t JWaet 21 134130
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GUuUNq6We UT WGUWUUecqRYUWeUNGWWNI YGWeadaql ¢t YeUT wWavO
qCHt ONWq6 W RORA2 O qRIJE WRU WG Y- LA Yoo Ubep ReFUBR TiecLIDaj Yt LHRL
FONGUUOqWadé Wl 3uGcwe UT Wt e GUI 3HRecOWe GYUWal Y 3t we Ul
RURYI GYIl ¢ qREBDWB LA EGCRY qRGIOWNS Rt Wt qal ! WrHe UWAIWE |
56101 JWTI ROWI WOqUWT DRBLM & VB O DI Y& W ql ¢ Hqlldeat HO
RGENIL WYnWNeéet ql YRUWGRzt WGWT RECORY IOWERURII WS 13WT 131
Get AONWq6 RAL Ut WR¢ UWANWHecGHR20¢ qlT WA! Waget RUNLWq6 |
caqWt R} WML GYRUqt OWNSWWE ¢ RUWLWEROGWY nWaqdé R Wt qal!
RUq! YT 2 R Gl o TqiI GWa ¢l URUNWaqUHSE URKe It WnYI WHE
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2. Methods & Materials

2.1 Database

N6WJWI ¢q¢cAct WWet DT WRUW@6 Rt Wt qelT ! WHYUt Rt qt WYnuWed
bl] 9~b WYNWNNZW YzaUNWEUT W6Wctqdb! W2YdeUgqlddl + WeNaLWa
MIOP= W! b WE Gt Y NG elJOUNBadLl sUiiRe] Udst NP2 UT HIWVE 6 ORe i RY O LHIHIK
claql ¢t YeUT Wt 't qPdWs] EWcWectq6Hc! W] iR AR U IDRIALE ¢ 1N
ql c¢UtTerHU A CRWOG REUB WO GWMOM {06 WRACNUIWYGqRGRY ¢ qR
C2YRT WeaqUll ¢qRYUWY N WR@G BID W HIGE IYEHHd 1B IRRMNDGARUIAX LB G ldj L1
Ra¢nNRUNOWf UWeT T RGRYUAWq8WWNeRUWs ¢t Wt WaqlWgYWPMAL
HYUt qc¢Uqligél YenN6VYeqWqé DWUI*F¢ G RUECqRYUWY nWeadaWwt eAT
YnlWa6 13W ¢ ¥l Hloml LLEcd 13J O 13 G

Subjects 116
Examinations 155

Age (years) 25.331+4.92
Sex (M/F) 49 /67
Weight (kg) 68.65 + 12.32
Height (cm) 172.62 +9.37
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AHlags JWUWa6 WW 2 G 3HRc O We U7 W IREGURIARYU 112¢l GYv UX) LHDYL6EL |
cFRI ALURqUWA¢UWAHNWHYqqIl We GGl YFRAOGEc qUT WH! WHa2 qqRUN]
FOHQY! bt WT Rt qeUIWe 0T Waget RUNWagSWRI WaWweUWzede W
NeRTPWORUWY WYULWaq6 IIRIGE G RINGIqUHG &IG¥e G Y g e LNt 131 IOWE IRY
qélWas YWeGYUWel YUt WaROWWYE WNGWUqt Wel YWT 1 éesUWe
TRt qe U1t OWRGWIWe 2131 ¢NPIW Rt q¢ UHNDWRY W6 IWa ezt #aG W
3210AWe¢ U7 Wea b WWRI MIRWG2t ql ¢ qUT WRULW[ RNIOWN KO

Apo Deep

[ RNDzl WWNaWw UUYqeqRYUWYnWq6 W 2 Gl 3HRCc G WbIc b We U7
GU¢ct el DT Wnl YOWq6WWe2131 ¢nNUW Rt q¢c URDIWY N Waé

2.2 Database

2.2.1 Introduction

? R§ 131 1J pYamilidd coolli DOIGURUNWE | A6 RaqUHEgel It Allet T Wn Yl We
¢cUT Wt eGUI 3ARcGWeGYUNal Y It Wel DWGI 3t BUqUT wRUOWaq6
O UDgaNnedwd UgeeaNodelWe Ul WO 1JndaRa AIMpCL 6 cHRUINIGHAI 1J010ER
Ge2NWARNIOW WEIUqa! We GGIRWUT W e AADE tnadd! WRUOW RO I
D2ctecqUlWe U7 WRAYGGE! DWaé WG WRU W8 IWI+¢ GRUDT W ¢ q¢t

2.2.2 UNet

N6 WWO WqllRt Wae! ANWqE IWa Yt qWt e ®#EIt t ned Wt INER0qII
qid U7 Ws RS W21 ! Wnids WRGCNIJt IOWF gt Wel HERqWHEge | WWHY U
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GeqbéAWUNgqs Yl t bt WRUGe qWRY W WGHWeqlT G! We GGURUT Wa VY LW
GRUNCEI We URqWblANX Ob We UT Weé W= +#=1Whel+UW GYsY Ui LRt ORI IGRI0 1T 1
U+ G¢ Ut R2 1) IHGE (@ ARUE M TGLLq 6 I Wn ¢ aqe | UWE ¢ GWRY WE GG R
a2t WasWWwWle GHNDI WYnWnWéqel JWRse V0V AWe WHYUHE ql
GeGWn! YaWaqs DWRARMOGT efeg RADBGHFF U2Yia qRYUL AWIIE HE WnN
HYU2Yide qRY U YeoEs YOG GRap LT IINE g2 | WW2 DRqY! WaVY Wad W 13t R
Ge! 1l o

2.2.3 Attention-UNet

N6 W aq@lOqRROWecW2¢!l ReUqWYnWag6 WYl RDRUc G WO Walle

GRNDEUTGRNSEqWHNqql W ¢ RVUqWnWeqel It WGet t+ WT Wbl Yen
qé6 1t WWeqaqlUgRYUWNeqUt WHe¢UWE DL WRW RN It IRGIIRR YO U d @
HYU2VYldeqRYUcoWUOWqgs VI t IOWNS IWEAY2 WWRY WG nYIl 6T WA
| JaWwz2¢cU0qWeHqR2¢qRYUL IOW TTRaqRYUcCOO! AW ]+ W30qldl Wa:
bW el RUNDWa6 MUUACTRR 13 @G d T WNGICRM R ¢ qRUN Wn | Y ALRAXGHIEIX | LY -
2l RUNWq6WWHEAt s ¢l T WGet t AWeddyYsRUNDWAYT WG WEE! ¢ a1
Yiqdo! WwyUWwt GeqRe b Wdjc Wé #oWll Wi 1J2¢ UgqllqY We WNR21IU

Co —C O

2.2.4 UNet++

N6 JWO WUageellc! H6RaqlIHq gl 213K t 2URJI 1 107 GRS il OWDoqLETY 1D 19 @l |6
DORYT Ul WeUOT W Uy VIt Wile AOWHRYUOUOUURQUT W6l Yea N6 We W
Geqb6s ¢! {HIUNBRNWITIIL t RGWGEe q65 ¢!t We RG HAJGILDI LU 62 IR UINE Laic
GeGt WYnWad W WUHEYT 13 Iacs Ol w T ot WIsIuLetdd AI1 a! RUNDW 6!
¢cl HERqUHAQgz | DUWRY Waqé6c¢qllaqd W e ¢ Wisie W0 LD dIRntRE ¥V'6 1L
YATWUHqQt W dAYWée RRFUWNUEqal DWGqGY IWtnll & I6 WLy 16 1) &Ll J20cRayd
HdnYl UWnet RYUWs RS Waqdé IWHEYI I 13t GYUT RUNDW WaGcecUqRHCE T

2.2.5 UNeXt

N6 WO 13 qllt q RGN WIh WHT0IXFE WHNMIHANM TWE | #6 RaqUHqea | JW Yn U
HY UU#H q RYSGE OUDADE dild 6 I WT 13t RNUOWY nWWEeHS WHAHG YHTE toWf UWIGE
tGedall WO dHDI WYNW3GqWl + WRUOWq6 JWRURqRedWe UT w3 Uc¢
U+ Rt qt WRUWO VAaqtowf UlWaqé IWHY aqaqid3U0IJHYUGYR WDd dUS LG RISt sl
Do WHqR2UIWe qWad ¢ RUqec RURUNDWG UL WHRYGGe qecqRYUWHAH21 T 13L
t RDUR3Z#HcUQqO! Als 6ROVWE vV il ORUec RURUNWE WNY YT WG

2.2.6 Post-Processing

N6 DWGI VT REAqQRYUWIDEGWHVE IWLGROPUG 6 BMERqUHqez | It WGl YT 2 H
¢l qRncHqt OWNG It JWel qRNe At Wel DWaVYH qd! Wt acdadwel
FUNAGWUOqe qRYUOUWUOWqs YI tF Wnedt DG! WGeHDO W6 130 Wt W YK
qélWeGEYUWea !l Yt Wt WrRcUOWEGt YW Dl RYI!I ¢cqlWaqdé W It 2dq
qlJA6 URKe 13t [OW[ MRt} G LU e Ghifmdoi (i YRt REVIWMHA o | ¢ HaldT Wa Y WI |
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2.2.7 Training Strategy

G0 Wa 6p0 6 |R2OIT Wa YT 3ot Ws 3 WWagl ¢ ROVT WRUWqS W ¢ 61
Ugs YI tf Wsc¢t W Wt RAUT WqYWAWWE=PZ+=PXZWs RS LWHE qFAS W
GYtt WneURqRYUWs ¢t W DW?2RAPDWx Y + w@E & Wiqle BHR G N HIEN
Auncl TRUNDWqS WG KWe!l URUNWI ¢ qUWGYORA! Alle W qGs Rt 1JLW
[ 2] q6 1 Y1l WAWe 2 NG 1 U YSnEREGAIGUEsO812 ILIESIDD RESRRERIY o 6 Ys RUD L
YGUI ¢qRYUY a2 1l afReHicRIUosAvUlll RyAgYeUnoRe Yoo ¢cROG Al 6 ¢ | GIJUR U N K

2.2.8 Evaluation Metrics

E )2 100 X0 2lb d &) NERISHT WM+ IGE Y GY 1T UL IDlad WIT i UL 1619

I IN¢ iaRudmNa WUqec qRYU WG Y HE B RIWE DU IWR DG O +H40F Nks HOW 13 L
[RIt qi! AW W W? RAJWI YUORARINUqWLI? E9 b WRUT 11949 W 416 R HLG
T ecaqcewe UT Wt 13+ ol daueoatRa 1R G Hd PHDJRRNGO BAW 13+ IOW[ 2 | qdé 131
Al DARt RYUOW¢ UT WAUHcGOIWY nWags Wt INaGWUqeqRYUWGe Gt W
ceqVYicaqRHLWG IMEE I3 B AdXCeat THYR | oq el ¢ 7 @lE)S JAlEDIRI #1IU0q RGO IA WS
HYUGe qUt Wq6WWERNEUE qWT Rt q¢ URNDWAWgs JOUWaqé6 WWas YW
T Rt A AT A ¢t 2 | 1283 ¢Dand H 2B GIIG WY W6 W YYaqllde
bA~EEb WRUWGGE! + RHC O We (DR {ELG® & & LUOWN|[l d 113di & IdIRAY OILUDAUDp R
f OO WBZAWNSG AWEUT WARE!T + YOWOYI I DGecqRYUWHYWORHRIUDUq
[ RUcGOp goelic Uca! t Rt Ws ¢t WRUAYI GYI ¢qll WgYWI2c¢ie
qgélWaedelcadYdc qRAWG 2t HOUWgS RAT U+ WaWet 21 BGUIU0qt

3. Results

NCHOGUW=ZWT W¥aYUt ql ¢cqlt WS WWRGeNUW INGWNUqeqRYULW q¢
qYGYGYNRUt OWf UWe ddWagd W3 20WaN0aql REY AlWWqé IWO Iqlil4
YqoUddas YI t+ OWf UWIGE |l qRA2G¢ | AWl DWAHIIY qWl WGYI qJT WA
q61lJW UNgs YI t bt W HECGEHROR! WaqYWcecHA2I ¢cqli! W aYHECTR
[2l q6 I Yl DAWRUWqUI Gt WYnW? EQ9 Waq6 1JWIYIHE RIUMILIC HIHIEH &
c?oPWRY WYUG! W=zoyMaWe UYqé 1 WRUT RACqY! WYNnWaq6 JWNY
2CORIT ¢cqRYUW WqtO

UNet Att-UNet UNet++ UNeXt
Precision 0.93+0.05 0.92 +0.04 0.92 + 0.05 0.92 £0.05
Recall 0.84 + 0.05 0.84 £ 0.06 0.84 +0.05 0.81 +0.05
DSC 0.88 + 0.03 0.88 £ 0.04 0.88 + 0.03 0.86 + 0.03
loU 0.79 £ 0.05 0.78 £0.05 0.78 £ 0.05 0.76 £ 0.05
HD95 2.80+1.46 4.47 +10.37 2.89+1.68 3.59 +3.57
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q6 REL Ut WaWct el WaWUqt WeUOT W6 BRI WI Rt #1 3Ge UH! WRI
qll Gt WYnWf 99 WaWql REO

Manual Automatic RMSE (mm) ICC(2,1)
18.88 + 2.30 18.82 + 2.31 011+0.11 0.99
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AW 6 RNEGRNEqUT W qécqll q6 W T RoIWI WUHDW Ags WWULW qb |
Guctel WaWUqt WW$ql ¢RUT Wnl YOWQ6 WWYGWI ¢ qV ! WRE WIJhe
et WIT WnY!l Wnegel JWéceqYacqRYUWYnWg6 Rt WRGRURACO Wact t

OYqé61l Wet WnedWeUéd! t R WEN ®d WG W E R UIY R ID 66T LIRS |
aect el JGWUqt OWNEDWGHE YaqWwt 6 Yst WUOWNGRNRAGWIWET T RaqR?2
YOGu! WMIOMTW G GOW [ 21 q6 11 Y1 WAW q6 13 WKdles FORLLT RGBT 06 & &
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Gastrocnemius
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Average of Automatic - Operator measurements (mm)
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Automatic - Operator measurements (mm)
-
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[ RU¢GO! AWRUWI[ RNIOWOWe ¢l RgeqR21IJWI Dt 2l qt Ws Raé Waéb L
FuNnaROqUT Waet t+ AWRqWRY WH GIDE 1D Hly B £ 16 dLq 6 MIYUOLL dJan dLNEE &) dL
b2 GUI 3HReGWEGYUWal Yt Ut W WaROWeqRYUIO

4., Discussion

N6Rt Wt gqel ! WRURY! GYiméapllq Wil BGULWIUqULWOROQWE ] AERqlIHC
Tuwewe 07T Wt 2 GUI 3 ARcOWEGYUNa!l Y Ut WYnwWeidql ¢t YeUT WR
q6 REL UWHY WaWet 2l BGWUqWs ¢t WIIF ql ¢ Amyla dUR LY 10U a8 RIAILHTIF
ROWt 3201 ¢dWWUT GYRUqt WerHl Yt WagésWWaet AGWWeGYUWal Y
Het WWYnWe W21 ! WRUNY!I GeqR2UIWNYI Wad WWRU2 It qRNEqRY
det HINWAWRUT RAcqU W6 CGUYeHoWBOWEBdWE ¢ UL e A#HIIt
| YeqRUWIKO
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Abstract

7YqéWGYUYORq6RHALWCE UT LHERIIGHIR HIB LHH 1IN RAHG 0 LLLGEY | LURIM G ¢
q6URI WRUG ¥ WRIDG q Iy @ R WHW U3 qt Alg6 Rt W2e2aU01 ¢HA
| Jaecqll WaVYW ql erAgel ¢taWRUqUINI Rd¢ OWLWGH R Y & R & W1 by LLE & ¢
RUOW qqdlld¥d | qRedGWtt 't qdWmneROe IFIIRAILRREAEUDLUL D & IG & DWW I 1Rd 10LH:
b e GGUWAGNWUqRUNDWI WNead¢l WRUY GUHRqRY Ut IERAIRWIUIFGAUGT YIE R
GUNq6 VYT WnY!l W6 WWiYHCIRACqRYUWe UT Whe ¢cWmBRY && 6 IR Y & 1LL
HIOU3 qt AWt 2 A& @ Utctt cLDNIALG Rl | WE&Wtqap Wt qRAG ¢ qRY UOWf UWqé 1
T RDRFACW HE RIGONY!I RaSGWNY!I Wq6WWT ¢GeNUWaYHECTGRACqF
b ¢cUOT s RAGWGeUWOW a2 ATURQUT Wl @K M @ LA § R 2 W& I3 1Gic 1 a) WUIR 1
qé WI W2PWGYGUT WednNY! Raé6 G WEIOIREERRIVGT RUYSna ] 6AIIS CGTRTIV | q
et RUDWe Wt 1 RNRUNWY 21 1 YREqUWaYT GO

1. Introduction

N6 DWHYUt q¢c Uqul Whe RI G WUqWYnWgq6 JWe I Y Ge HIDWRUT 2
qVlagd e G DIJY I ilé BB WHY G GYH RaqUWa ¢ qll Redt AWIRqE I
CUIl Y GEeHUWHYAGYt RqUW ql 2 Haeal 2 IVIHER ol LIER GYCEIAd 12T 1K
ARIT Wt ql Rt JAWSECRIOWRAGGEHqAWNqHIOWNG IJt WWRGGE HqlUI2
b gl edgel DWGWI nYIl ¢ qRYUAUWs 6 R Al #Rdj Ml ILID2 R0 & @ Wi & LD @
Jel a! Wl ¢aenawl gl fd R¥EGHER DWHNRG ENRIGREQID I q R2 JWa Y We 2
TW20aYGaNN0quWe Ul W2l RFRGR GUUGY Wil R #HlomRR2AJAL G D q 6 YT Wn
tuecUqRIHCQRYUWYNWI ¢GeNUWqYWHRYAIGYH Rt WiHe GalAIIRIUNI
tql DURGEWBN @6 WE Ys 12101 AW JWT WaqWlHqRYUWe U7 Wt qRG ¢
qs5 RUWb? Nb Wa 1JH DY a1 IR Riksell ANl gJd q W6 ¢ + WUY qWADIU WS
RUT 2t ql ! W UgW Wnls WeaqaqllaGat WaqVYWRUGWMIDda OB G alfF
RUT gt ql ! Wel YWt 6Ys UWAHDG Ys IOWNez INIJGWIIqlLUe doWa Ne WGl 1
Gl DT RHqWq6WWERI Al ¢cnabt Wt ql eHgel ¢cCGWIRNIUIWGI T RHEGQ
HYUT RqRYUt lOWx ¢ ql AWRUMIFMNE Hell G VEY NUIUWE T RBERQ ¢ C
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Gl YHIt + RUNAW Rk ERtcRaVRMW q U AB BYa ¥ b RVALY o DeEBON
FUUpRODER 21 JaWU0qWaqUAsUYGYN! OWNSUWEYT WaRUNWaqUWHEUY
Fagel oW 32131 q613a13t + AW AEM fapel EaAlgHDY UPndl 2Vt GRLYaDE 1L ¢ AJa)
BROUQUI T YNEqY!l bWe UT W6 W[ 7] Wt YUt RUNWaqUHSUYPI YN! OUW
Het BT WedaNY!I RagaWnYl W WWT ¢GenNUWAaYRCTGRACqRYUWE U

G NY IPREN 660 Y n LR qUAINIGGHT s RHG WG UG W e ATWIHqUT Wa VY W Y
YGUIl ¢qRYUbt WGI RUARGHWWRY WAHet BT wWwYOWwWrRYAGGe! RUNWa6 I
Us G Wl RECOO! WHecOGR2G¢ qT W KT UGB + I bil g3 [ 601 SHOA R S 8 19
DGWaGWUqWe[ EbWGYT Gt Wel DWYIGGaY! UT Wet Wi RPREE RN DG
GYTWOWRY Wet BT Wet WeWRYAGGaqeqRYUcTd! WWORARWUqLW q
AYUT RqRYUt We OT WT ¢aenWayY#He o RAd ik YIGHA d 10 TLLAY [Ldgté gl L
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q6VWGYt RaRyYRIUEWE ILN3Yeowf Owe T T Rig RV QIMED § B LWiaYIBS d
2 qRIORANT Wet We UESWE Wie Gélaq @ 2 ILRS G'¢ Mo YIEY H¢ qRYUWRT 30 q
HYOGGI W6WUt RYUWYnWags BWnNRUOWI ¢cilRUNKRAMBIUWLTFEGS Ba O & RIF E
AYURUGqWRURARG2T RUNDWa6 W Wna URqRYUWY N W 32130 YGIIT Wa YT
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2. Modelling Tools

2.1 Database
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1. Success in the labor market: A supportive framework for students
and graduates
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NI RT WGYURqY!I RUNWHY q6 WE q a6 g Mg lagc D1IGLURRY &Y 1RMAIE W I Rlic
NI ¢ Ut RDUqUWEq¢ qUWEt qRI¢ qRYUWL NEEb IOWNE E WRt We W 1Jq W
ql ¢cUt RIUqwU20U0qt Waqdél YeNSYeqlWadé Wt '+ quawe U1 131 W q
t RUTH WY nWt !t qUGt WYRGE We MR & Wl 0t WY »aRREWYH IHYUOT
nect quwWd et 2l DaWUqWwWe URqt WRUYt q¢c¢da Wl W6l YeNEYe qlRalo
fUnl ¢t gl edagel DWW ~f b WnYIl WGYs I WNI RT+ We U7 W6 13WT 17
~Nect U WqWOURGt WeiA~Ot b AWNEEWRY We WGYtHt RAGWIWY Yie qF
CHI YH Wq6WWGEYs Wl WOWqs Yl t WazZeOWNsIWeat WnadUdt+ Wyn
Q6 NWEGTBBT WAYGGe qRUNWGE! ¢ T RNG WRU WY NI WA I UW¥ap YOUERE ¥ | LR LSIE
f Ullq6 Rt Ws VI t A6 MIST MIEVHORWUHGR! DWnY! WNEEWRY WGI 134
q6lWAYURUDGqUWYNWNEEAWs JWI+c¢aRUDWI ROWI DUqWRGGGHIIG
?NEEWE GGl YerHG6Wat DT WRUWY2 | Ws Y tLUAIDH d R GIEO FId & & 0 M H
¢l H6RqUHqg2 !l JWnY!l WNEEWe¢ GGOURACqRYUWRULWY G¢l quwnl RIT
cTTI Rttt YT oWf OWENARqRYUWNAW q6 WG YGYH DT Wel #ERqW
GUInY!l ¢ Ui UILB B E b WG dficjdd (GHU YuhsULR: all6OLYHH GREE W d) 0K & LB E ILLIOd
t RiclcqlUl WecqWERGeatGRUto~¢cqicHIOWXC¢Et qia! ALWEWNHqRY UL
cl #HERqUHAgz | DWe UT WHYUHG2T It Wagd Rt W qeal ! 1O

2. TSE Analysis

N6 Rt Wt DAqRYUWT Wt Al RAVY Wq6 JWNEEWHYURNVDGqWRUWNe: @ G
| Jhue Rl DG WUqt WRqWRGAGGYH Ut AW IWTI ROWI WUqWs ¢!+ WaVwWwi
GUIl  nYl a¢URDAWe UT W3 U0¢cad! Wad WW? WERMHAGE! Ye HG Ws 6 RAG

2.1 TSE Description

FWT 3 H#IRAVJDT WWEl GRVI AWNEEWGNNq6 YT+ WnYret WYUWIHEG
NI ¢Uzidcl R! WAYUL ql ¢ RUqt OWNsIWI2 13 Uaqt Wad ! WHE Gae l
Rt W ¢qé6 Il Wet WnedWnY! WagdIJWGY $JIJWWDVRY WY URRG AU ¢ 9 E
¢l GYURHt WeqWaqdJWGYs Wl WOWqgs Y1t WeUTl oYl WHeE2t JWY2 1
qél WeqWaVYWn! RT Wt q¢ HRORaq! IOWNS ¢ qWRt AWNEEWYe2 qGe q LU
b3 2RANE AWl U @eE RO nUDd TRE dUG #BIGIH RAC qRY Ut IOW G qdé Ye N6 WN
¢cUT Wttt UqReda! WeUnWéet RAGUWWN Y Wagd IWNI RT awrel | 30
H6c¢UNWT W6 Rt WneHqOW YseT !t awayY!l ywe U7 wWa YUU WA~ Ot
GUT RRUYGQENUWIN2PVGAWG!I Y2RT RUNDWNI Weqlt Yel #IJE WY n W2
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fFOWNWONI ¢ G AWNEEWGNQE YT + WRO2Y G2 WWa6 WWT 3t RNOWY n LW¢

nYl GedcqRYUWYnWt 't quaWEYIGYUUUqt Als Raé Wad WG E qa

EeHt qRage qRYUWb fEb W6 YT Wa Oé LWiqlfid anllH aqnie 2010 WduUYé Gilre

NG JWNEEWGI YAGUWaGWRec UWAXWNRIEIOWI ¢ad! WI+GI I+ WJT Wet a
z=Hx+e¢ Q)

56101 DWAWRY We Wed WeWNs W2 IRV WYnWwi et el W Wheée UqRq
tue¢ UqRqRIt b WnYI Ws 6 RAS W6 I WWIhve ¢ qRYU WG 2t qWHADLWE Ya2
q6 Wt UYs Ullhlue ¢ UqRq R IJT LRI GUE 1816 20 IDHI@ ¥ 11 1R ML @1 dLte a0IT 1w 13 O
CAY2UWWe ¢ qRYUAWe WT ' UcaRHWGYT WaWl WG W WOqRUNLWq
GGl YeHGWaMe WRY WeT YEqUT IOWRERY WEWq6 VYT WNR2 14 We Wwie
POCORHLWY ! HUGUWE ¢g@d RBIGYWR GGa! RUNWecUW fEWEaNYIl Re
TROWI WOqReGW e ¢cqRYUWT Wt HI RARUNW g8 WIWANSEEc2RY 21 L
Hdags JWUWags YWUOWaqs YI ¢t WOYT 3t Wt AW Weict b Wagéet Wiel R
¢ aql R##WRN el el ! W3 aa T We OT W Ba¢ RUY WHYUY q¢c UqnyY

—C O

HectHRatOcqll Wet Wt 6 Ys UWRUWNEHGUWNWNY! WeWHGEH + RELC
HectHRalOcqRYUWYnW qcqlW2¢l REAGIW Wt UYT JW2Y 0 qc¢ NIt b 1O
2.2 TSE Implementation Requirements

NEEWGUqE YT+ WRcUWAHDWI ¢q6 Wl WRYGGeqecqRYUcecda! WI+GcUU
NEEWRt Wel Ne@ Bl Rigd wwy f BERIOqINI ¢qVYl WH6 Y WU0WnY! W Rt
Jhue ¢ qRYUY IOWNG I KdWe !l ywli RoWI WUqW fEWeECIGNY!I RadéGt Wab
FROGOGUWeUT WRYGAGYUWRUQUNI ¢qVYl t Wel W6 IWnYiw ¢l T w
qé Yt W6l WOWRUqUNI ¢qVY!l t AlWgé WG ¢ qaldl WR W IHERYGAWU
Tz2lWgYWRat WANaqql Wal ¢ vt RUNWE HRIRqRIJt OWNE HG I W= W |
BaWaWuUqt WRUOWEHAYI T ¢ UHII WalYLE S HALR 2 18 BCNIAY RID 1610 QURE qRD |
¢UTl W6 Wwre !l | DUqWc Rt qYI ! WNWI GOW UYqd6l WneHallgé ¢ ql
NEEWRYt Wb WDWHYIGeqec qRYUWYNnWq6 JWRU2 11+ JWe Wpe ql R+ H
b hue ¢ | DWE W eOBRIMAUGIGeIaWTE q R+ WHEUWHDWHEY B2 RaaVM D Wy 1O
2CORT W YieqRYUWqY W6 Rt WGI YAGWG WRY WaéWWet JWYnWER
T et WHRGE RRRE UIIT WaGcql RADE We UT WU A 02831 Uliag dLELH ”jd RE
Eé?WRt W Wa¢cqR21I0! W YWH2J gy Lic RIO IITHINTGHIH all3 (R quislrze0sd Uik ¢ t F
N6 DWWHscaauUNUIWYnWt YG2RUNWNEEWWe ¢ qRYUL WT Y13t WO
HYOGGe q¢c qRYUt WqdcqWUUUT WaVYWAWW YO2UIT AWA2 qWl ¢ q6 131
qRNEqWaqRENVNWaq6! It 6YGT WRUWSs 6 RAG W q 6 IFAULbEES 1F LIEGT 2 ¥ GiallRFY|
el Tsel DWeHADGU!I ¢cqRYUWUUNRUWUY We] AOt AW A] b lWsc¢t L
| Y RGVUWHY G Ge qRUNDW@et tF WAH! WAaW201 ¢nRUNDAWeayYUNWYq6b
q6 Rt WRY We UWY 211 ¢ 00 U BIARI RL LFHTE 20a)R Y ULLIFOY e @ dJalit omPe YA 1J L
GYs Il WN!I RT Wt #YUeI RYIWWNGS Rt WRY WRN Ws JWHRY UL RT 1 WE Vs
ROWq6 WY211 ¢adaWt !+ quGWe!l #6RqUIAgea | JOW + W 6 Ys UWRU
q6 DMNITRIEG YURqY! Wad Wt !+ qld Wt q¢c qWe qlle WE YHE O LWIN2I
q6 00 WaqYWagdIRI W Wt GUHqUT WG6¢t YI We URat We UT Wal ¢ Ut G
2¢cqeWOYUHNDUq!l ¢qVYl t WetA?291t b WHY O O 1KYy B #0Y) AWM & d ¢ & G WLF
UT WnYls¢l T Wg6WaWagYs el Tt Wqsdw RT IW 1 JeW~YURqYI RI
6RHG WRUW YO WWHRI Hz Gt qc¢ UrnU dI&E 6 VLD HGR R ¢ HpmRroviELA L
celiqol2RlUqW WaqUWHGRNEBWHY Ut 6RIWLY DE LIV Y G WG ¢ Wa 6 1J WF
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Measurement ~ Measurement ~ Measurement State variables
Type vector [z] Matrix [H] [x]
Resistor Vk(t) [ 10 ] [ vk(t) ]
Inductor VK(t)- vm(t) [ 1-1] [ Vk(t) vin(t) |
Capacitor 1km(t)History [ Geff -Geff | [ vi(t) vin(t) ]

N¢ AaNBAIINLG ¢ q] RFWHY Ut ql ef#qRYU

Element Gefl History Term

Resistor I/R -

Inductor At/2L imn(t-At) + Geff * vin(t-At)
Capacitor 2C/At Imn(t-At) + Geff * vmn(t-At)

Ne Aagww=aw YI qYUwWlheR2¢aNU0qWYnWAet RAWWIGWGWUqt
2.3 DTSE Description

fOWY!I T Wl WagYlWlge At GUWg6 Rt WGI YAGWGAWg6 IW? NEELWE GGl Y
YnlWg6 DWGYs 3l Wwnl RT We UT U1 Wt qaT ! WRUqYWe WUz GHII WYnl
NI YeGWRt WaYT WadaUT Wet wWe UWROT WG 1IUR 1 GolllBRNER BLUILIGGE] FYSHL
HYOGe q¢ qRYUcOWRYOGGUOU+FRa! We UT Wadé W3l In Yl 1 WgeYd g W
JAGHLT T T Wi W2 RHIE IOWNG Rt WE GG 1J2 REan@um ILLqgld 104UESID (AR 218 WY
Cqlqé Wi ~EAWet Ws IGO0 Ude! H e R RUIRROAR U (RapsUyA ¢t Uil Ts 1R
YUl caaWt 't qUGOWUNSIWG Y qWRT 3¢ 0 W hER G a WUe) WY T 10k
TW2RAEUI WnUécqgel RUNWE KBEIR GANW LI BY 9+ WISEW € oWy 6 WRI W6 ¢l
He¢ GEHRUORqRIJt W A ¢RIAUIAIND ULINaFFEWRM@ID ILE mo\RI YIEES I € 6 1R10 1 91 16 G 6 IR
Al YRt RUDWOURqWu9OAOL WRc¢ UMW+ WH2 qUWY qd6 3 W Gel qlunl
nY!l We WaYHREOGWAYUq! YO @il 200/ GUEcYU gel A taficldd R YO WY 1 WE RNE I

| Regional

] poC
.
. . T .

FiL PIU PMU

-‘. Transmhalen

ZalF S T

[ RNDzIAV4MIaRT W | A6 RaqUHaqz2 1 1J
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3. Edge-cloud Architecture for TSE

GRE Wt DEqRYOWT 3t #1 fWHIRHIW o @HI QNI TOUBY It #96 RUNIEHEq 2 | 1JWe Ul
CTY!I WNEEWWGWAGWUqt Waécqlls I JWHSE Y BUWNY!I W6el T s¢l

Co 2

3.1 Proposed architecture

Z

GUWBHNIBT Wel H6RqUHa | WWnY!I WNEEWE GG RAE qRY UWRU W
OT U1 W qel ! WRt WGe!l qRqRYUNVT WRUqVYWe WU G A WYnw?NE
bt YRAREcqUT WsRa6W ¢Wt GUARIHLW A?29 Wl = HAR@E 4 RY ULKALLY fAéE 1§
et el WGUUqt Wel Wt WUqWaqVYWagé JWA?29 W2ReWIHIII WY WP]
| WWaéW0WnYl s¢l T UT WgYWagsWWsel Tsel WWeHADGWI ¢ qRYU
NI YeGWGYT D0 WRY W Y& 2137 AWK O 1L Yire W & A YRINcJee i LW tLlog d aRIS LLDTL
RNDUc¢Gt WHecUWAVWet DT WRUqUWI U¢cdd! WeqlWagd Wt 2 HY q¢ qRY
GRNDD@URVGWRYUq! YUGGUI + Weéaqllad 1disiRT AIELE 0FIERIY ULLIMNH G & T
¢l HORqUAME ALLBI @IS ¥ 2 G D W6 ¢ qWA~Ot Wel DWYGWI ¢ qRUN W
HYUqé¢ RUt Wt ! U611 YORADT Wa et 2l BGWUqt WY nwyMweaY Ut I8
N6¢caquwiie Ut WaécaqlnVYl We W WEGYI qRUNWI @ @ I3 k& hEIL IRGE] LU L1

O Co O

—

3.2 Hardware-accelerated tasks for DTSE

fOWYITU WqYWt YO2U0Wa6 JW?NEEWWe ¢ qRYUY We qlqé WWaqRN
NI RT WE GGURAC qRY Ut Allgs YWget ¢+ Wl DWRAGOGNWAWUqUT WRU
¢cUTl Wq6 WWE2WU0qWoc¢ Gael RUNWaCt t KoL GYY TU2ITCIIAISRE alleH | £ 13CLCI
neURqRYUC¢ 0 Raq! WRLNBHIALLRGNCE ERLAIV T L2 FiIIALYRsGHE G 13 G WU gt Wa 6 W
b YieqRYUOWNS W Wa¢qRYUWGEql R¥LWc WeiNb WY nLWJIEHEG W? NEE
TUWGIY! GN0qWweée UT WRY WA eR A WU WIqy iy 633 WYIz | #1JW R U LW q ¢
T3t #I RGaRYUW3 G WOWNGSRY WRY Wnlet RAGUWAHNHE 21 1JWa 6 13WI
D WUHz qRYUWRNWOYWGeTY!I WASCUNVWRUW6 WWGYs I WNI RT LW
Je A6 W? NEBUIR W qY ! UT We OT Wn Y1 W32 131 ! wols W JaWVynwa il
FDqWYnWwWYe qGeqt W WG Wt WUqRUNWasWal ¢ Ut RWUqWt q¢ qld
N6WWNEEWE GG RAcqRYUWI WEHIWR21IJt Wt ! UH61 YORANDT WaWet e
Jt qRG¢cqRYUWNY! Wt !t qldWhecUqRaqRIJE Wt e2A6Wet W2Yaaqcen
b ¢cONWqROINWGYRUqAWHI RN RO DWR YA Y 13 0o RO R MGRUWIChYYO
g6 PlUWn T WqYWaqé JWE2IIUqW9 ¢ Gaqal RUNDWGAGYT 20 JWs 6 RAG WRH
YGUI ¢qRUNDWUOYI Gead! wyYl weUOT U Wal ¢ Ut RIUquHaYUT RaRY L
CHUOYlI Gecawt #30¢| RY fl¥id @10 WHEBIYD g 1819 d Edy6RWR UNn Y1 ¢ qRY
ncelaqWiRgqRNEqRYUWecqUWqsIWaYHecOIWaWN2WaAWaKWeT RUNDLW
#HYUql Yaauul ow~J¢t el BaWUqt we OT w2030t Wel JWaynnuat u
i ~EWHGNERW RHcCGO! WnYI Wicqll Wet DWbinYEIRY @aldIc 20 a
GRaqRN¢qRYUs IO
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4. Case Study, Experimentation & Results

N6 Rt Wt DAqRYUOWT 3t A#I RAWY W6 WWU+*GWI RGWUge qRY Ut WHE |
NEF| RIUqsGIMIaT mid | A6 RaqUHRged RSO WaGLULAEYI Y UNUqt L
s WWeUecd! AW WWARNUHRSGC ! t WaYT Vi RSVWe B VWLURG WY B 0 tld
cUT Wéel Ts¢l DWGaeqnyY!l G Wet YT We Ul wsUe¢da! Ws JWGI Y2R

4.1 Benchmark model

N6 IJLWa YT R3 @Hle L fUEEIE Lj@N !t {ROMBE @UI3IEUY IRIGID | ¢ & WRY W 6 Y5 UWR
2CORT ¢cqUWaqd WG YGYH T Wel AG6RqUHEge |l DOW + WRalWl#He UWF
GUcHNUT Waél YenN6YeqlWagdIWNI RT WRUW er®#SWe UWY! T 131 Wt yu
bt qWRIERIG ¢ q T WRUW~¢qbs Yl t+ WERGa2GRUt WIGGHEY! RUNLWq
RUqUI Bt qWel JWaynnul Waqél YeNR6YeqWaqd Wt RGeadcecqRYUL
HcqUNY! ! WHYAGGI R Ut W6 Wa et el 3T Whe eNOngLRYGHRHIIG |LLRcURYG
OYT 3t weUT Wl WG Wt 30qWaaqédwaldet el G0t WYI RNRU¢G qR
HcqUNY! ! WHYAGI R Ut Wq6WWea UYAY Ul 2¢HOGNWaYHEqRY UL W
CONY!I RS GIOWNGS IJWE '+ qldd WRE W 130G 130G D WHRIO 20 1Y TLL 5 ! 1L ¢ Wi |

o

Gecaql R¥FWeUT We Wl RoWI WUqUWt DaqWYnwiWéet el JaWUgWe URqt 1O

4.2 Experimentation Setup

f Ullq6 Rt Wt GUHARIHWq Ut qWt #U¢I RYAWs DWRAGGH WG WUaqWad I
q! GUt WYnWGGecaqnyY!l Gt AwWYUUWe qaqé WHGYe T We UT WY UIWE «
UG WRUWqII Gt WYnWaeqlUaA! We UNeundt Foree( TeeA ! TIaLE 8YN Bl IRt 3
Ugq o WOWMNHIARDe UT Wo=] 7WA ~wWROWYI T Ul WqYWt Raadc¢cqll
GU200Wf UWeT T RaRY GEAMLE AOYLE |13 GLUDdR ) LLLNG &5 I LLUIGET MEHISRUT @I 1R Ha}J1 S0
¢l Ye UT LU@sNINIMILL BYhiD of IRGGALLILESYU T W Y G FARYONJIS LU ¢ Alg LEotYG| R 5L ¢ LL
ql ¢T RqRYU¢ O W[ A] AWN] 7WA ~weUT We W RNEARQWEq6 131 U1
AYqéWHAC!I DWaqctW e dBéRBE i OUH o (T W AqRs §IFLIpE R 0 Bridl a R VY
HYOGe q¢ qRY Ut IOWMIE W UGB AT T BHc D NJ2Ud HEIG I ¢ qRYUWIUNRUIIW
[ VI W WWGetdecqRYUWYnWq6 WWaGWet el WGWUqWe URqt Alls 13U
s6RAG Wql ¢ Ut GRqt WGEHT Ut WYNWIYNNUT WaWet el 3ayUqt W
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4.3 Results

[ YOGYsRUNDWSWWNEEWNY!I GedcqRYUWGI YRWUT 21 WALWg6 1JWc W

RGGUNAGNUqUWT WRUWGS ¢! TE MWIDIL DN QR 2 RSEELH KL &0 W d s & qlld |

&VTeﬁUiMClumTU+H|RﬂuimRUMéc?chUTmﬁﬁmﬁmm@@MCq

Cl ROGUGWQRAWYGUI ¢ qRYUY IOWNG IW ¢ G Wec Wa ¢ ql RAIE Wel W

RULW Yn qs ¢H RIS RECRIBFOTIIG] REPWRNIBDMzt ql ¢ qlt W6 DWWl RO |
b YieqRYUt WnYI W6 WWad!l DWWGEet DW2Ydqe Nt we 0T WHel |
F RORGE ! W Wt 2dqt Wee 2131 ¢NPWT ROV BORDIWGLE Y Wadé ¢ UMK
ZOYu WRIMGGBEAGIR 6 Ys #Het RUNDWaS DWET Dhue ¢ qlWe HA2 1 ¢ A WY

N6 WWl Wt ediqgqt WYnWaSWWae GEGRUNWY N W6 WG YEYE T WRNEE

t 6 Ys UWRUWNEHGUWOLWNEHINWNWNR2IUt W6 WWRFWHa qRY UL
Glct el JaWUqt WRUAGaT VT WRUOWE Wt RUNG VU WAHBGYIR G ¢ HIts 16 dIHOLL

et el BGUWU0qt Wel Wl WEYR2VT WeUT Wt qVY! VT Wéeqldaqé W R
HYGGa URAcqRYUWT Da¢! WHWqs JIUWa6 WWAI YRt + RUNDWE! t q
UYqWaget WO0We OT W1 WRYUt RT U1 ¢ qRY U W WLEAE WALY st 1333 (RUDaLE:
b Ynags el DWeAG Y @l FAAWGEGNT 1 WB6qdd T TUSeCATIN Wb We GGl Y é H6 toWe 13U H L
DT AT Yel Wel H6RqUAqa |l WWRY W2¢ dRT Wn YR (IdE G WRZ 10 IHa & i
YodavYeTl T Wa Y MaRGHIMNAEX 1t REREVLIELGIWG 6 I WIIT NIIALWs 6 R4 I Wa 6 1J WA |
qcét titto

Co

.HHHHMH AN
[RDz| JWOalW HHz| ¢H! WAYEGE! RI YOWAWGs WU WHG ¥

Resource Used Available Utihization (%)
Type

Slice LUTs 42,862 53,200 80.57

Slice 3570 106,400 3.36

Registers

DSPs 26 220 43.64
(DSP48EI)

AOaYHt W[ Ve JUH! W W=ZYW~cA

~ ~

Ne Agwoaw YI qYUWlhe R2¢aWUqWYnWAet REWWG WG WUt

Execution Environment Execution Time
x86 cloud server 30.4ms
Zybo Z7-20 board 0.0029ms

Né¢ AR RUNDWEz2GG ¢ | !
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5. Conclusion

—;

DWwée20W 6 YsUWaqéc¢c qUWNEELWs 6 RAS WRY W PDhe RI T WnVYl Waq6 |
YT U OWGYs I WNI RTHWGH I WUqt WRFEFADE T R2DAWHY G G2 UR
Daql RUNWT W2RAEWVI AWt eA6Wet WA~Or Awe 0T wWayYl Wl UwWeYC
Daqll RUNDWcUT WrHYGG2a URAHECqRY UL W1 WheRI WGWUqt WA! Wnk
U611 YOURADT WaWet 2l WaWUqt WRUWE WaqRGG! WG ROMIL oW f
Jhe RI WG WUqt WYnWNEEfdaVE LG VRGBqUHEGe OMWhBDE3qgal RUN
BDUNRUOWY WeqWaqsIWRIT NUWnY! WIOQRARWVUQUWNEELWE GGURHAC qR Y
YsHYt qEMUWAAENYD WAY ¢! T Awe U1 WHAG AUGAIRGID & Rt RIJUDEL a6 2IRU RIL
DWrHe¢UWEHERWD2 I WE WUNMMMMA Wt GUIWJT 2 GWnNY! Waé6 e Ae
Lt qG Wa6 et pifdRIdWGIR DRV &G JUqt Alls RagéYe qllt ¢ #HI R3ARU
GRURGa G WY21I 610¢T WaVil@ad LA ¥ BIRD DaI®R G Wia Y W 31 213WY qd I
DO RHRIUUHA! WYNnW6 WG YGYL UT Wt Yie qRYULWRY WaY!I W32 RT
eGWbc Ul W6 WWHYIGIN+FRq! WYNnWaéWWe Wacaql RFWRURAI et |
| a2 W WHEY Ut q¢c¢ Uqlict WavYUNWq6 13l JWel YWel Dhue ¢ qlWEe !l T s

Co
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2. Methods
2.1 Dataset and preprocessing
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2.2 Parathyroid Network
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f UL RBB¥URWORWWe HUY I Ge¢aWA] + Wel ywal 3t 30qaT oWN G 13 W
30T RUNDt oW + WYAL W31 207 Wn! YGWHEt DWUNAAWq6 IW2 Rt 2 ¢ 0 R
GYT WaAWI2RX0WRUOWHAEY It Ws 6131 WWa6 IWE YT 13ttt KGN 6137 LRSHYa] I
HYI | UAqd! WRT WDUqR3 Ut WaaldqRGIVWWGYt RgR21IW 30T RUNY UL
HYI | 0t GYUTt+ WqYWGYt RgR2UWHE Ut AW Wa YT DU WG BT R
F YOGUWA] + WeJONOAWHEt DW= Ab BDNE W& W2 Ul &=y iy OHgant
CAUYI G¢caWRSI InYIl DAWE WY 2131 ¢ 0 WD #H R 205§ 10161 5 R
RUt GUHqRYUPYRUIGEADRT HEOW K211 q6GNt 1t Alqs IWaYT
2Rt 2c¢ Rt ¢ qRY U LRI UENT vt GALNCE LG YOA + LN H 1O

[ RDEB + ¢ 0 GO It WYn WabelTUOVIcRaq 6 a WY e qHY O 13t 1O
4. Discussion and Conclusions

N6 DWrYUql RAz2 qRY U tgl¥anl LIGLE[RRA | Wt opite!T A WidcU LOGaldHYa R 2 13 W2 x LWn
qYWT DqUAqWeHUYI GcaWGel ¢cqé! | YRT Wt #ARUqRNI ¢ G6! WRAE
DORARIWUHA! WY nWgqé WWGI 3t JUqIT WA | & LR Ud Y6 Y2 i 1R 10 I0ILUIR &
CHUYI Gc¢aWA] t oW E [ Y-QU cadl AU oRSaiBUl W RSHTILY 2 HEWDE t na Ga! Wi
D+ GUl qt WRUWV+Gu¢ RURUNWSWJWaYT Wabt W UHRY RYUt OWc Y
I 320¢t 0T Waqécaqllagd IWaMRT WHWRY & tigld OWagAse c DIGUT RUD
Gl YT egRUDWY V201 ¢ W[ ecdt DWAYH RqR2IJW3UT RUNY OW[ 21 q¢
Het RE W D2 ¢alT Wqéecqqé dWayYT DaWWI+F6RARUIT WaYs 1l W
HYS YI qULTOWNEILDRACTO! WHYU31 0T WHet It Wel X TOZE W21+ LW
F201 cdWnedat DWGYH RqgR21IW3 0T RUNY WeINYKW=ZE WE UT WNZ ODE

N6 UW30T RUNY WYnWq6RY WHagel! W PJ20¢dll WagdeaqWTl 3IGWU
GRURGaGWIYHYE U WRUWQUI Gt WYNnWGWaql RAY AlWA2 qllgé WRI WG
| T e#HqRYUWRY WOUHDH ¢ ! WgYWROGGYYVADWGOUWRRED WY L qf
| 13t D¢ | #HE6pOENRODEID BIFGIUHRRI AR ! WH¢c2t JT WAH! Waqdé IWY21J1 56
D+ Gi ¢ RUNT WH! Was YWT JARY R2UWne¢HqVYI + WRYUt ql ¢ RURUNLU
bl YORWT ¢ q¢ WRAOWIcH e UHVHKRIY eaiowmi® Uq Bl We=ZYWNYEbL WR
q6 1l WA! WRUq! YT e#RUNUW 2t HUGqRARGRq! WqYWHR¢t JT Waql
Q6 NWIOUHqWY NWg6 R WRY + 2 JWRUOWGYT WidlWal ¢ RURUNIOWCE Y5 1
HRIFR WUqUT WHYG GO DqJa! IOWE IJHY W ! UFEUlic Y1) LRIDSRIFIRRY UL 2 LI
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