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Research joint ventureαƛψŎƛǘȅά ŀǘ the HFT
Innovative concepts for the Stuttgart metropolitan region
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Six cross-linked fields of action: urban planning, architecture, IT, energy, mobility and finance.

Aim: Developing blueprints (methods, services, andproducts) for a sustainable urban development 
for both, districts and buildings, and transferring them into praxis.

Smart Public Building is one of three explorative projects of i_city.
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Overview Smart Public Building

ÅWhy?
ÅSustainableandenergy-efficient useof publicbuildings

ÅImproveroom utilizationandcomfort

ÅBetterpublicservices

ÅHow?
ÅApply devices and technologies from the Smart Home

ÅDevelopusecasesbasedon Open Source (openHAB)

ÅExplorative project SPB:
ÅPrototypicalimplementationat the universitycampus

ÅFocalpoint: usersandoccupants, not vendors

ÅParticipationof usergroups, e.g. students, technicalstaff etc.
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Background, motivationςandwhat about theαŜȄǇƭƻǊŀǘƛǾŜάΚ
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Overview Smart Public Building

1. What are the requirementsof smart public buildings 
regarding smart systems and technologies?

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

3. What opportunities do public buildings provide for the 
application of smart technologies?

4. How to deal with data privacyin the public sector?

Research questions

4Myriam Guedey | HFT Stuttgart | Smart Home goes Public | 25.05.2019



Overview Smart Public Building

ÅRequirements analysisand classification of public buildings 

ÅSurvey of public institutions in the Stuttgart region

ÅBasic installationof server, clients and further infrastructure

ÅProof of Concepts, e.g.:

ÅLocation Based Services (LBS)

ÅIntegration of social sensors

ÅSmart Lecture Rooms

ÅSmart Metering (water, electricity, heating)

ÅWeb based 2D/3D visualization of sensors

ÅManagement of distributed openHABsystems

Currentstateof the project

5Myriam Guedey | HFT Stuttgart | Smart Home goes Public | 25.05.2019



Requirementsanalysis
Differencesbetweenprivate homesandpublicbuildings

Private homes Public buildings

Accessibility private public

Assembly few (residents) numerouspeople

Usage living leisure, education, culture, 
sports, administration...

Visitors/ users same changing

Control no / less videomonitoring

Usagerules no / houserules publicpoliciesandregulations

Area in sqm 96,1 1 app. 900 2

Numberof users 2,1 per household1 app. 300 per day1

1 Average in Baden-Wuerttemberg(Statista, 2015)
2 Average in Stuttgart (surveyamongpublicinstitutions, cf. N. Fiedler, 2017)

Table: Nicola Fiedler
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In general, a publicbuilding is understood to 
be open to the public. The term publicalso 
implies that it is financed by taxes, and that 
its purpose is to serve the public in some 
way. (cf. Van Baren, 2017)

Accordingto DIN 18040-1 (2010) the
followingtypesof buildingscanbe grouped
aspublicbuildings:

α/ǳƭǘǳǊŀƭ and educational institutions, sports 
and recreational facilities, health care 
facilities, office, administrative and 
courthouse buildings, shops and restaurants, 
ǇŀǊƪƛƴƎ ƭƻǘǎΣ ƎŀǊŀƎŜǎ ŀƴŘ ǘƻƛƭŜǘǎά 
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Requirementsanalysis
Public buildingsandtheir requirements

Resultingfrom the differencesbetweenprivate 
homesandpublicbuildings, there arespecial
requirements, that haveto be addressedwhen
usingsmart homeapplicationsin public
institutions.

Theyarerelatedto the followingareas:

Å Building 

Å Usage

Å Visitors, users

Å Technology

üShort report on publicbuildingsandsmart 
applicationsςαmŦŦŜƴǘƭƛŎƘŜ DŜōŅǳŘŜ ǳƴŘ 
ǎƳŀǊǘŜ !ƴǿŜƴŘǳƴƎŜƴά ςin GitLab: 
https:// t1p.de/wbix

Requirementsof publicbuildingsregardingsmart systems(Nicola Fiedler)
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The HFT asa Smart Public Building
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Buildings, usageandusers
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Campus (city): 
Å 8 buildings from different years of 

construction, shared buildings
Å courtyard, parking lots, pavilion

Usage:
Å assembly rooms, lecture rooms, 

offices, library, workshops, 
ƭŀōƻǊŀǘƻǊƛŜǎΣ ŎŀŦŜǘŜǊƛŀ Χ 

Users: 
Å students, staff (teaching, 

administrative, technical etc.), 
professors, researchers, guests, 
ǾƛǎƛǘƻǊǎ Χ 

Site plan campus(HFT)



Why openHAB?
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Usinga smart homesoftwarefor a Smart Public Building

Why smart home?
Å Availability of systems and devices
Å Affordableretrofitting of existing buildings (wireless)

Why openHAB?
Å Free and open source software
Å Integration and management of systems, devices, 

and services independently from vendors, 
technologies and protocols

Å Persistence(MySQL, MongoDB, InfluxDBΧύ
Å Stability (few major releases)
Å Modularity through the development of bindings
Å Active community(users as well as developers)
Å User interfaces, M2M interfaces (RestAPI, MQTT)
Å Platform independent (beginner-friendly)
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Basic installation: Overview
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Currentandfuture installationsat the Campus

At present: 
Å 1 building (rooms on 2 levels)
Å 1 openHABserver, 2 test systems
Å app. 60 sensors and actuators
Å 2 LoRagateways (TTN)
Å 2 meters (water, electricity)

Future: 
Å 1 building (rooms on 4 levels)
Å 2 further buildings
Å 3 openHABservers
Å app. 120 sensors and actuators
Å 4 LoRagateways (TTN)
Å 3 meters (at least) University of Applied Sciences Stuttgart, building 2 (current installation)
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Basic installation: Overview
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openHABstackandservices

Automation: 
openHAB2.4

Databases: 
MySQL, MapDB

Further services: 
Mosquitto, Grafana, NodeRED

Reverse Proxy: 
Nginx

Smart Public Building, current server installation (based on A.Dobler)
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Proof of Concepts
Seminars andtheses(BA/MA) at HFT
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Bachelor (Information Logistics)

ÅSmart Public Building: requirementsand
potentials(Nicola Fiedler)

ÅSmart LectureRoom(Nikolai Noller)

ÅLocation Based Services with Bluetooth      
beacons (Marius Böhm)

ÅMonitoring safety-relevant devicesin             
publicbuildings(Jens Hilgert)

ÅContextandlocationawarevisualizationof
sensordata(Andreas Jäkel)

ÅAn intelligent chargingstationfor
e-bike sharingat HFT (Claudia Kieckeben)

ÅReporting andmanagingdamagesin a        
buildingvia smart phone(Markus Kulas)

ÅSocialSensors: collaborativevotingson comfort
(Benjamin Wohlfahrt)

ÅAutomaticpresencedetectionin lecturerooms
(Kai Philipp Müller)

ÅSmart Meteringat the HFT (Marius Scherff)

Master (Photogrammetry, Software Technology)

ÅAdaption of openHABfor usage in public 
institutions with multiple buildings (Alexander 
Dobler)

ÅEvaluation and implementation of a web-based 
2D/3D visualization (Marc Philipp Jensen)

Currentwork (Information Logistics)

ÅData securityandprivacyin Smart Public Buildings

ÅReporting occupancyof parkinglots in realtime
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Proof of Concept: Smart LectureRoom

Part of the basicinstallation: sensors 
and actuators to monitor and adjust 
room conditions and devices in lecture 
rooms-> temperature, humidity, 
presence, lights, window status, power 
consumption.

Extension:  CO2 sensors (air quality), 
people metering (room utilization), 
ǿƛǊŜƭŜǎǎ ƭƛƎƘǘ ǎǿƛǘŎƘŜǎ Χ

ÅRule based automation
ÅInformation on room conditions 
ÅEasycontrol of functions per room
ÅMeasurementsof energy savings

Improvingenergyefficiency, usabilityandroom utilization
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Basic installation: smart switches, thermostats, and multi-sensors in lecture rooms at HFT
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Proof of Concept: Smart LectureRoom

Information and control via HABpanelin the 
browser or with the mobile app.

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

A simple example:
ÅBasic users, e.g. students (read)
ÅPrivileged users, e.g. staff (control per room)
ÅAdmins, e.g. technical staff (control, analyse)

openHABis not designed to manage access for 
different user groups and authentication for a large 
number of users.

At present: secured with reverse proxy (basic auth), 
LDAP connection will be examined.

Providing accessto dataandcontrolsΧ ōǳǘ how?
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Different HABpaneldashboards for basic and privileged users (mobile view)
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Proof of Concept: Distributed systems
Scalingthe smart hometo multiple buildings
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openHABtypicallyis runningin private homes, 
implyingsmallerbuildingsor apartments. 

RequirementSmart Public Building:
Management of large / multiple buildings

HFT building2:
Å 5 floors (offices, lectureandworkingrooms, 

computercenter, libraryΧύ
Å 2 basementlevels(workshops, technical

facilities, e.g. meters)
Å ~ 7.000 sqmin total

ü Limited rangeof wirelesssensornetworks
ü Oneserver: singlepoint of failure

Site plan, building2 (HFT) Distributed systems(A. Dobler)
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Possiblesolution:
Runningmultiple openHABinstances/sensorgateways.
ü Tediousinstallationprocedureandmaintenancefor

eachinstanceandits services, error prone.



Proof of Concept: Distributed systems
Maintenance of multiple openHABinstancesvia Docker andDocker Swarm
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Deployingwith containers(A.Dobler)

Concept:
Å Docker to capsuleopenHABinstances

andfurther services
Å Docker Swarmto manage the cluster
Å Nodes (physical/virtual) canjoin and

leavethe swarm
Å! άōǳƛƭŘƛƴƎ ƳŀƴŀƎŜǊέ ŎǊŜŀǘŜǎ and 

controls the setup (not obligatory)

Benefits:
Å Nomanualsetupandinstallation
Å Higher networksecurity
Å Backup andrestore(Volumerize)
Å Physicalandvirtual redundancy
Å Machines canbe easilyexchanged
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Github(movingto GitLab):
https:// github.com/Dobli/openhab-pb-stack

Secure networking(A.Dobler)

https://github.com/Dobli/openhab-pb-stack


Proof of Concept: Smart Metering
Smart water andelectricitymetersat HFT
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1. Building the infrastructure for LoRa:
Å Installingtwo LoRagatewaysat campus
Å Managing the fleet with Balena.io
Å Telegrambot sendsstatusto channel

2. Retrofitting the meters:
Å Upgradedmeterssend datavia LoRato TTN
Å TTN to openHABusesMQTT andNodeRED
ü Remote reading, consumptionoverview, datafor

EMAS (Eco-Management andAudit Scheme)

Upgradedwater andelectricitymetersin building2, NodeREDflow from TTN to openHABTTN gatewayat rooftop, bot alertsvia Telegram
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