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Head: Prof.Michael Beigl
Lab Lead: Dr.Till Riedel

Founded >20 years ago as cooperation between 
Digital Campus Engineering Center(then SAP CEC) 
and UniKarlsruhe (now KIT)

Application oriented research in telematics

15 RAs, 20-30 Students

Started 100% 3rd party funded now part of Pervasive Computing Chair

EU-Projects, national funding

Industry, e.g. SAP, IBM, Huawei, Daimler, 
Bosch, Siemens, TRUMPF, Phillips, Infineon, KDDI

Early Focus on Ubiquitous Computing (now IoT)

First mobile web browser: PocketWeb(1996)

First context aware mobile phone: TEA (1998)

First smart everyday artefact: MediaCup(1999)

Fist European Wireless Sensor Network Platform: SmartITs(2002)
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How it began 1/2: Low Cost Sensor (2011)



KIT Department of Informatics4

How it began 2/2: Smartphone Retrofit Sensor (2014) 

Idea: Clip-on PM sensor module for smartphones

4 generations of prototypes:

3D printed for rapid prototyping

Light from flash is rerouted using an optical fiber respectively a 

mirror

Active versions with externally powered LEDs
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Air quality networks are perfect basis for research in 

ubiquitous systems

Novel mobile and personal sensing methodsé

Usability and UX for cititizen scientistsé

Mobile calibrationé

Privacy issues when sharing dataé

New IoT networksé

Interconnection with smart city controlé

Real world data sources needed for modelingé

Data mining of real world data sourcesé
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Is PM10 a problem

after all? 
Å Research/regulation has triggered

a positive development!

Å Enforcement through

measurement has lead to

innovation and demand for new

technologies!

Å Particle filters for non-diesel 

cars will come!

Å New problems: P25 Ą

Ultrafine particles

Å One problem: 

Å local foreground

concentrations can still be

high even in Germany

Å health effects of temporary

personal exposure cannot be

sufficiently quantified (Ąno

regulation)
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Danger: a matter of view point?

source:



Air Pollution and Mortality

Beelen et al., Lancet 2014

WHO EU
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European Study of Cohorts for Air Pollution Effects : 

ESCAPE (2008 ï2013)

PM+NOx

NOx only
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First epidmemiologicstudyin Augsburg: 1986

Jacobeit J. (1986): Stadtklimatologie von Augsburg unter besonderer Berücksichtigung der lufthygienischen Situation sowie des Lärms. In 
Augsburger Geographische Hefte 6, 171p.

Staubemission NOx - Ausstoß
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Milestone in Augsburg: Heart AttackCorrelation
to 1985 smogperiod

Peters et al., Lancet 1997

Während der Smogepisode 1985 konnte 

erstmalig eine systemische Reaktion 

nachgewiesen werden 

2015
2014

2008200319991996
1995

1984

Monica/Heart Attack Register
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How to quantify exposure?

Source:helmholtz-muenchen.de Source:merkur.de Source:icaros net

What is Ăcorrectñ local value?

People mostly not close to measurements.

People cannot carry equipment all the timeé

We need to interpolate/extrapolateĄ

Do we know what we are doing?
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We can use satelite images to

analyze the optical thickness!

Poluted image ïReference image

Ą regression problem!

But how can we be sure we

measure the concentration at 

1.5m???
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Beyond KORA é.
Continue Cooperative health research in Augsburg

ü Continue important findings on health risks:

ü Eg. Correlation of diabetes with PM was 

recently proven

ü In past using rather static models of PM based on 

land-use

ü 20 measurement points short-term

ü 5 long-term

ü Can we better estimate the personal exposure

to understand effects?

ü Can we create applications that proactively

support health?

ü What is the role of measurements in fine

granular planning tools?



Source: Toward Breathable Cities For All: Linking Air Pollution, Vulnerable Populations and Human Health, Arbor 
Day Foundation 

Doesthis meanif we plant enoughtreeswe getclean air???
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Machine Learning can use all correlationsé

Greenness (r²: ī0.71 toī0.77)
Temples (r²: 0.52 to 0.66)
Restaurants (r²: 0.31 to 0.44)

More input variables?

More complicated models?

How locally overfitted can a 
model be?

Ą More Measurements
needed!!!

Wu, et. Al Land-use regression with long-term satellite-based greenness index and culture-specific 

sources to model PM2.5 spatial-temporal variability, Environmental Pollution, Volume 224
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So we rather measure on ground?



KIT Department of Informatics25



KIT Department of Informatics26



KIT Department of Informatics27

Hermann-Billing-Preisverleihung 2012
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Standard

(gravimetric)

Professional

(mostly optical)

Consumer

(mostly optical)

Low-Cost

(optical)

stable unstable

expensive cheap

large small

static mobile

low temporal

resolution

high temporal

resolution

Tradeoff

accurate noisy

delayed low latency

Budde, M., Zhang, L., & Beigl, M. (2014). Distributed, low-cost particulate matter sensing: scenarios, challenges, approaches. In First International 
Conference on Atmospheric Dust (DUST 2014). Digilabs. https://doi.org/10.14644/dust.2014.038

Range of measurement technology 
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Alternative?: Low-cost Sensing?

¸ Light- or Laser-scattering 

¸ Sensor cost 10-20 ú

¸ Most common today for PM: SDS011 dust sensor
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Polydisperse Particles: Setup

¸ Measurement at 

TROPOS, Leipzig, 

Germany

¸ 17 SDS011 sensors 

(14 with valid data)

¸ SMPS/APS reference 

with 92 aerodynamic 

channels
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Polydisperse Particles: Experiments

Ambient Air 

1
Ambient Air 

2

Zero 

Air

Ammoniu

m

Sulfate 1

Ammoniu

m

Sulfate 2

Soo

t
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PM 2.5 Time Series

¸ Dynamics are 

generally captured 

well

¸ Readings have an 

offset

¸ Offset differs for 

individual sensors
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PM 2.5 Scatter Plots

¸ Good linearity

¸ Systematic 

misestimation of 

concentration

¸ Ambient air: on 

average 66% of the 

PM2.5 reference 
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PM 2.5 Scatter Plots

¸ High variance 

between individual 

sensors

¸ Ranging from 45% 

to 85%
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Real World Data: Humidity

¸ SDS011 only 

defined up to 

70% RH

¸ Strong humidity 

dependence

¸ Fog is misread 

as fine dust 
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Conclusions?

¸ SDS011 can capture dynamics with high temporal 

resolution

¸ Notable variance between sensors

¸ Humidity is a problem

¸ Suitability depends on application / further measures
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Calibration

¸ Two basic approaches:

¸ Exposure to defined and well known concentrations and 
environmental conditions (mostly under lab conditions)

¸ Co-location with standard / high-precision reference (in 
field)

¸
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Some calibration Ăflavorsñ

¸ Micro vs macro

¸ Non-blind vs semi-blind vs blind

Jose M.Barcelo-Ordinas et al. (2019) Self-calibration methods for uncontrolled 

environments in sensor networks: A reference survey, Ad Hoc Networks,Volume 88
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Multi-hop and rendezvous calibration
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Sometimes less may be more
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Alternative Deployment?: Citizen Science?
¸ Sensors assembled and operated by citizens

¸ Data collected and displayed on luftdaten.info

¸ Stuttgart alone: more than 600 active sensors
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Challenges

¸ Instrumentation ¸ Coverage

¸ Calibration
¸ User 

¸ Error

42

¸ Privacy¸ Incentivization
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Smartphone Sensing

43



KIT Department of Informatics44

Human Error

not actually
sensing / recording

unwanted 
device movement

Device Handling

wrong
orientation

wrong height
or distance

generating noise

phone use
while measuring

User Activity

Object /
Phenomenon

Measurement/ 
Observation

Environment / 
Context

Unreliable 
Measurement

unwanted user
movement

wrong object / 
phenomenon

wrong object 
handling

wrong alignment

wrong time 
and/or place

indoors instead
of outdoors (or v.v.)

environmental
disturbances

wrong sample 
properties

false or no 
annotation

inappropriate
weather

incomplete / 
wrong assembly

Hardware

faulty
installation

missing
maintenance

undocumented /
surplus parts

faulty device
association

wrong amount
of samples

no / faulty
calibration

covering sensor

44
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Going cheaper: Smartphone Retrofit PM Sensor 

Idea: Clip-on PM sensor module for smartphones

4 generations of prototypes:

3D printed for rapid prototyping

Light from flash is rerouted using an optical fiber respectively a 

mirror

Active versions with externally powered LEDs
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Sensing: Signal Reconstruction from Noise
Smart

AQnet 

Konso

rtium

26.07.

2017
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We are countingparticlesé

éso we have a relation between mean and variance 
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Sensing: Signal Reconstruction from Noise
Smart

AQnet 

Konso

rtium

26.07.

2017
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Sensing: Signal Reconstruction from Noise
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Sensing: Signal Reconstruction from Noise
Smart

AQnet 

Konso

rtium

26.07.

2017
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Mobile PM / Black Carbon


