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Innovative concepts for the Stuttgart metropolitan region

Sixcrosslinked fieldsof action: urbanplanning,architecture, ITenergymobility andfinance.

Aim: Developing blueprintanjethods servicesand productg for a sustainableirban development
for both, districts andbuildings, andransferring them into praxis.

Smart Public Buildings one of three explorative projects of i_city.
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Overview Smart Public Building
Backgroundmotivation¢ andwhataboutthea SE LI 2 N} G A @S & K

AWhy?
A Sustainablend energyefficient useof publicbuildings
A Improveroom utilization and comfort
A Better publicservices

AHow?
A Apply devices and technologies from the Smart Home
A Developusecasedasedon Open SourceopenHAB

A Explorative project SPB: &
A Prototypicalimplementationat the universitycampus
A Focalpoint: usersand occupants notvendors
A Participationof usergroups e.g.students technicalstaff etc.
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Overview Smart Public Building
Researclyuestions

1. Whatare therequirementsof smart publicbuildings
regarding smart systems and technolodles

2. Whichtechnologiesin the field of smart homes are
suitable for smart public buildings?

3. Whatopportunities do publicbuildingsprovidefor the
applicationof smarttechnologies?

4. How to deal withdata privacyin the public sector?
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Overview Smart Public Building
Currentstate of the project

ARequirements analysiand classification of public buildings
A Survey of public institutions in the Stuttgart region moe
A Basic installatiorof server, clients and further infrastructure © @

A Proofof Concepts, e.g.: /g > B

ALocation Based Services (LBS) V

A Integration of social sensors
A Smart Lecture Rooms —
A SmartMetering (water, electricity, heating) @
AWeb based 2D/3D visualization of sensors

A Management of distributedopenHABsystems
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Requirementsanalysis
Differenceddetweenprivate homesand publicbuildings

In general apublic buildingis understoodo Privatehomes Publicbuildings
be open to the publicThe termpublicalso Accessibility private public
implies thatit is financedoy taxes, and that  FaSsElNY few (residentd numerouspeople
its purposels to serve the public in some Usage living leisure education culture,
way. (Cf Van Baren, 2017) sports administration...
) Visitord users same changing
Accordingo DIN 180461 (2010)the . —
. - Control no/ less videomonitoring
following typesof buildingscanbe grouped S :
. - Usagerules no/ houserules publicpoliciesandregulations
aspublicbuildings _
) Area insgm 96,11 app. 9002
o/ dzt Eﬂh_dﬂdﬂ]cat!(_)nw Institutions, sports BTN ES e 2,1 perhousehold! app. 300 perday?
and recreational facilities, health care

it ; S : 1 Averagein BadenWuerttemberg(Statista 2015)
faCIIItIeS’ Oﬁlce_’ a_‘dmmIStratlve and 2 Average in Stuttgars(irveyamongpublicinstitutions, cf. N. Fiedler, 2017)
courthouse buildings, shopsid restaurants ) )
LI Ny Ay3 f2ddax 3 NI 3 SaveNcofrRderj 2 A f S ad
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Requirementsanalysis
Publicbuildingsandtheir requirements

Resultingrom the differencesbetweenprivate

homesand publicbuildings there are special

requirements that haveto be addressedvhen
usingsmarthomeapplicationsn public

institutions.

Theyarerelatedto the following areas

A Building

A Usage

A Visitors, users

A Technology Techne

o Building
U Short report on publicbuildingsand smart ) 9y
applicationsca mTFFSYy uf A OKS DSOW
aYlFINuUS ! yo@nCRdly I3SY a
https:// t1p.de/wbix

Requirement®f publicbuildingsregardingsmartsystemgNicola Fiedler)
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The HFBsa Smart Public Building

Buildingsusageandusers

Campus (city):

A 8 buildings from different years of
construction, shared buildings

A courtyard, parking lots, pavilion

HFT
BreitscheidstraBe StUttg art

Building 6

Liederhalle
Usage:

A assembly rooms, lecture rooms,
offices, library, workshops,
f 02N G2NASasE OFFSUSN

M
Building 4

95)DJ}SaUDBIY

Building 3
Building 1

L20 ——»

(Loutenschlagerstr. 20)
SchellingstralRe

Users:
A students,staff (teaching,
administrative technical etc.),

professors, researchers, guests,
GAaAG2NA X

o

Building 2

Site planrcampus(HFT)
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Why openHAR

Usinga smarthome softwarefor a Smart Public Building

Why smart home? e MgSQRL@
A Availability of systems and devices
A Affordableretrofitting of existing buildings (wireless) a MQTE

Why openHABR

A Free and open sourcsoftware ( ) HAB

A Integration and managemenof systems, devices, /\ 09§emthesmarthome
and services independently from vendors, g ’
technologies and protocols

A PersistencMySQL, MongoDBfluxDBX 0 MAX[!

A Stability (few major releases)

A Modularity through the development of bindings $Wodbus s ) Bluetooth

A Activecommunity (users as well as developgrs .

A User interfaces, M2M interfaceRestARPIMQTT) chocean

A Platform independent(beginnetfriendly) @ LigBee /f-ewms
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Basic installation: Overview
Currentandfuture installationsat the Campus

At present:

A 1 building(rooms on2 leveld

A 1 openHABserver, 2 test systems
A app.60 sensors and actuators

A 2 LoRagateways(TTN)

A 2 meters(water, electricity)

Future: _

A 1 building(rooms oré leveld ||||”
A 2 further buildings |
A 3openHABservers

A app.120 sensors and actuators
A 4 LoRagateways(TTN

A 3 mete rs(at IeaSt) University of Applied Sciences Stuttgart, building 2 (current installation) -
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Basic installation: Overview
openHABstackandservices

AUtomatlon SPB Server Host network = = = = = = = = Grafana
openHA&_4 10CAlhOSE m = = = = = = =
Databases:
MySQLMapDB —
Further services: ; : : : —
Mosquitto, Grafana NodeRED : | Hostos i 0
Reverse Proxy: | ‘sesssssssnssssssnnsnnsunnnestissnsnannasuast I
H Reverse Proxy

Nginx -

| Local Network |

Smart PubliBuilding, current server installation (based ArDoblej
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Proofof Concepts
Seminarsandtheses(BA/MA) at HFT

Bachelor (Information Logistics)

A Smart Public Buildingequirementsand
potentials(NicolaFiedle)

A SmartLectureRoom(NikolaiNoller)

A LocationBased Servicesith Bluetooth
beacongMarius B6hm)

A Monitoring safety-relevantdevicesin
publicbuildings(JensHilger

A Contextandlocationawarevisualizatiorof
sensordata (Andreas Jakel)

A An intelligentchargingstation for
e-bike sharingat HFT (Claudidieckebei

A Reportingandmanagingdamagesn a
buildingvia smartphone(Markus Kulas)
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A SocialSensorscollaborativevotingson comfort
(Benjamin Wohlfahrt)

A Automaticpresencedetectionin lecture rooms
(Kai Philipp Mller)

A SmartMetering at the HFT (Marius Scherff)
Master (Photogrammetry, Software Technology)

A Adaption ofopenHABor usage in public
institutions with multiple buildings (Alexander
Dobler)

A Evaluation and implementation of a wédased
2D/3D visualization (Marc Philipp Jensen)

Currentwork (Information Logistic$
A Datasecurityand privacyin Smart Public Buildings

A Reportingoccupancyof parkinglots inrealtime
12



Proofof Concept SmartLectureRoom
Improvingenergyefficiency usabilityand room utilization

Part of thebasicinstallation: sensors
and actuators to monitor and adjust
room conditions and devices iacture
rooms->temperature, humidity,
presence, lights, window status, powe
consumption.

Extension: CQ sensors (air quality),
people meteringroom utilization),
g ANBI Saa tAITKUIE ac

A Rule basediutomation
A Information on room conditions

A Easycontrol of functions per room
A Measurementsof energy savings  Basic installatiorsmart switches, thermostats, and mutensors in lecture rooms at HFT
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Proofof Concept SmartLectureRoom
Providingaccesgo dataandcontrolsX  ohdmiP

Information and control viddABpanein the
browser or with the mobile app.

Requirement Smart Public Building:
User authentication and authorization (groups)

65V
414 415 416 417
== Power Consumption Beamer kWh Avg: 88 V

simple example:
Basic users, e.g. students (read)
A Privileged users, e.g. staff (control per room)
A Admins, e.g. technical staff (control, analyse)

16°C 17°C 18°C 19°C 2:?:; ‘:IC 22°C 23°C 24°C 25°C
0 = e——
Heater 2
16°C 17°C 18°C 19°C 20°C 21°C 22°C 23°C 24°C 25°C
openHABs not designed to manage access for v
different user groups and authentication for a largg

number of users.

Heater 3
16°C 17°C 18°C 19°C 20°C 21°C 22°C 23°C 24°C 25°C
0 =i

Window 1 Window 2

DifferentHABpanetiashboards for basic and privileged users (mobile view)

At present:secured with reverse proxy (basiath),
LDAP connection will be examined.
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Proofof Concept Distributed systems
Scalinghe smarthometo multiple buildings

RequirementSmart Public Building:
Managementof large / multiple buildings

openHARypicallyisrunningin privatehomes [ Baus |
implyingsmallerbuildingsor apartments
HFTbuilding 2:
A 5floors (offices lectureand workingrooms,

computercenter, library X 0
A 2 basementlevels(workshopstechnical Site planpuilding2 (HFT) Distributedsystems(A. Dobler)

facilities e.g.metery
A ~ 7.000sgmin total Possiblesolution:

Runningmultiple openHABNstancessensorgateways

U Limitedrangeof wirelesssensometworks U Tediousinstallationprocedureand maintenancefor
U Oneserver singlepoint of failure eachinstanceandits serviceserror prone.

Bau 8
Bau 4

=P restore config

«wgp change config
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Proofof Concept Distributed systems
Maintenanceof multiple openHABNstancessia Dockeand DockerSwarm

C once pt Swarm Manger

A Dockerto capsuleopenHAantances Memmasaaaas | docker-compose.ym1 )
andfurther services ——— S T

A DockerSwarmto managethe cluster Bl - " dockex

A Nodes physicalvirtual) canjoin and X
leavethe swarm ' f

Al aodzit RAyY 3 \andylasm

docker networking

controls the setup (not obligatory) T e '
Deployingwith containers(A.Doble)
Benefits
A Nomanualsetupandinstallation
A Highernetwork security
A Backupandrestore (Volumerize Securenetworking(A.Doble)

A Physicahndvirtual redundancy Github(movingto GitLab):
A Machinescanbe easilyexchanged https:// github.com/Dobli/openhalkpb-stack
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Proofof Concept SmartMetering
Smartwater andelectricitymetersat HFT

1. Buildingthe infrastructure for LoRa 2. Retrofittingthe meters.

A Installingtwo LoRagatewaysat campus A UpgradedmeterssenddataviaLoRao TTN

A Managingthe fleet with Balena.io A TTNto openHABusesMQTTand NodeRED

A Telegrambot sendsstatusto channel U Remotereading consumptionoverview datafor

EMAS EceManagementand Audit Schemé

TTNgatewayat rooftop, botalertsviaTelegram Upgradedwvater andelectricitymetersin building2, NodeRE@ow from TTNto openHAB
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