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Goals E

* Monitoring of visitor numbers and movement flows in order to comply with
hygiene concepts

* Based on connected sensors, i.e., use of smartphones, tablets and wearables,
among others

* Visualization in a live web dashboard for university management but also
visitors

e Sustainable and affordable components, i.e., use of FOSS (Free and open-
source software) and open standards, as well as low-cost single-board

computers
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Architecture
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Sensors



e Raspberry Pi 4 Model B -
 WLAN and Bluetooth module O e

WI©Raspberry Pi 2018

* Second WLAN module E
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* WLAN module in monitor mode
| + Bluetooth
* receives data packages from
nearby, transmitting devices
* filtering of known devices (MAC-  Close distance |

e )]

indicator for distance (RSS! =
Received signal strength indication)
 Second WLAN module for data
transmission Received signal strength as an indicator for the distance of devices or people to
each other (RSSI)

Source: Narvarez & Guerra (2021)
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-Camera
* Data privacy!

(Passive) Infrared
Temperature, air pressure, humidity

Air quality (CO, level)

© SparkFun Electronics, Perfectlan, Pimoroni, BerryBase



-Camera
* Data privacy!

(Passive) Infrared

Temperature, air pressure,
humidity

Air quality (CO, level)




* Sensors required for each room E

e WLAN sensors centered in the

room [:] - (] <D1 o
 Power supply often a problem [ -
* Existing IT (access points) can be L ® |aroeor
used if necessary [ : ; e
* PIR sensors installed at each &

room entrance

Example of distribution of sensors

Source: Roussel, Bohm, Neis (2022)
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ObservedProperty

Sensor +name: CharacterString ‘o:

Open
Geospatial
Consortium

+name: CharacterString +definition: URI
- . +description: CharacterStrin
+description: CharacterString P g

+encodingType: ValueCode
+metadata: Any 1 | +observedProperty

Moo Open Standard

0..* |+datastreams

Datastream Observation
+datastreams _ )
+name: CharacterString +phen0rr_1en0nT|me: TM_Object
0..* | +description: CharacterString +datastream +observations | *resultTime: TM_Instant
+observationType: ValueCode +result: Any .
0.* | +unitOfMeasurement: JSON_Object 1 0..x |+resultQuality: DQ_Element[0..*]
+observedArea: GM_Envelope[0..1] +validTime: TM_Period[0..1] .
+datastreams | +phenomenonTime: TM_Period[0..1] +parameters: NamedValue[0..]
+resultTime: TM_Period[0..1]
+observations
0.*
1 +thing
Thing
: +things
+name: CharacterString 9 1
+description: CharacterString 1 +featureOfinterest
+properties: JSON_Object[0..1 i
b _Object(0. 1) o _ «CodeList» FeatureOfinterest
. 0..* +historicalLocations ValueCode :
0.. +things +name: CharacterString
HistoricalLocation +description: CharacterString
. ._ +encodingType: ValueCode
0.* | +locations +time: TM_Instant +feature: Any
Location 0..* +historicalLocations
+name: CharacterString +location .
+description: CharacterString SensorThings API data model
+encodingType: ValueCode 1.x (OGC SensorThings APl standard working group)
+location: Any




FRaunhofer Open Source SensorThings API B

Server for concrete implementation

Access to Raspberry Pi measured values ? F Ro ST

Processing for aggregated spatial data i' Server
* with machine learning methods, among © Fraunhofer

others
Output standardized for the client or
presentation layer

GeoServer for standardized output of
geodata, especially background map
and spatial plans

.@. GeoServer

© 0SGeo
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* Forecasting module using collected data

- : ' [oee SensorThingsAPI
sets and mac.hme Iear.nmg.g methods -» [ (FROST-Server) J s
* largely online teaching in the last ’
1 |
semesters 0GC WPS
* minimal room usage, i.e. few data | (Forecasting module”) ||/
focus on upcoming semesters o [ oecwmsawrs |
i (Geoserver) '
:'. .

Webserver
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Outlook



Forecasting module
Simulation of visitor flows
Integration of schedules

Evacuation scenarios Facility Management / Controlling
Smart Campus
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