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The THz Frequency Range

% B S0 %K Sub-Millimetre Waves
Microwaves Millimetre-Waves Infra-Red Visible Ultra-Violet

H,0 l]“"! VY | THz is at the transition
| from electronics to optics
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THz Imaging & Sensing Areas

i Ultrafast sensors
Environment e.g. DUT analysis, circuit test,
tBievice optimization, ...

e.g. astronomy, crops,
Neét It AWRY Uqé 0 RUGEIRY US I

Medical Biotech o s
e.g. tumor or caries e.g. genetic & proteomic J E ] L] I D R U D b

recognition sensing, biochips

Tumor Tooth decay
THz
imaging & sensing

frequency (THz)

Industrial Security
e.g. package e.g. drug &
inspection, explosives
process control detection

P. deMaagt, P. Haring Bolivar and C. Manrkncyclopediaof RF and Micr,
Engineering, pp. 51755194 (John Wiley & Sons, Inc., 2005) ISBN©1-
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3D Cameras

A The Akinfusedworld is characterisedy intelligent technicalsystemsthat needto interact reliably
with peopleandeachother.

A 3D vision(seeingandrecognisinyis a crucialprerequisite

Reliable higliesolution3D-measurementswvith activeopticalsensors
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3D Camera Spioffs

A Real3D with SiintegratedSensorsvith activeillumination(ToFYProf Schwarte)

> 100 Staff

b 2 YA Y IZik&Rspréist n n H

Durchbruch durch gréRere Verbundprojekte, wie z.B. BMBF Projekt LYNKEUS (>1000 Personenmdnédtestiiekbnsortia
Eintritt in Massenmarkt@elungen(zB Lenovo, Leica, ...)

A FurtherSpinoff from BASFesearchactivity(Dr. Thiel,Prof HaringBolivar)

> 50 Staff

trinamiX

rods

Pkﬁi' i

for bin picking

. ) . . : . . 2YAYIlFGSR 6
Organische Zelle; Fundamentalbeobachtung und Effekterklarung im Rahmen Industrieprojekt mit BASF/ERT Optik - b yhus a
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3D Camera Development

Heterogeneousntegration Passivdirect3D
A 2D Materials (Graphen) on Si A Nonlinear aSi photodiodes

Cooperation Haring Bolivar, Kolb, Lemme, PMDTec, Charbon, et al.
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Computer
Graphics

Prof Dr Andreas Kolb
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Sensor Simulation Sensor Optimization

A Various modalities, e.g., color, depth, THz, and A Variation of sensor parameters, such as pixel layout or
multispectral color filter
A Physically based sensor & scene models A Joint learning of task and sensor parameters

RealTHzData

Image2image
Network

k 3 ; 3 ,
F | u t
- i e — | - _4
Input Regular Layout Optim. Layout Ground Truth
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Model-driven Sensor Datadriven Sensor
Data Fusion Data Fusion

A Interactive for high data rates A Neural scene representation NeRFand Gaussian
A Sample tasks: regime scene or Splatting)
Image reconstruction A Sample task: Supesresolution

Loy SEriile Eeei ERIEEEE el Reference offline  Our online2D
optimization reconstruction
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nicationsEngineering

Prof Dr Ivo lhrke
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Computer Graphics:
Flame and Smoke Tomography

2014
Fluid Velocity Estimation

* s , % ¥
R R

Resimt+ /Turbulence
Captured Data
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Kaleidoscopic Imaging:
Multiplexing Many Views
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Image Processing
PlenopticSampling & Reconstructio

Integrated lens array on chip

Decorrelation

O (8 The monolathic camera ray from Venkataraenan« . 201 Focussed nght Fleld camera (Raytri
Coded, aperture ; i Wi A .

Correlated Decorrelated

— rocuser g Longstanding problem:

Lens plics imaging b) The focused light field c
(6 The programmabl pertue from Lsng o L. (2008 Afocql nghf F|e|d camera (Lyfro)

QExteranIensqrroy P-Po QP— Qw >P ; ThIS IS JUSt an appr0X|mat|0

= | = New: Exact Analytical Soluti

Aperture

Spatial Domain

Fourier Domain

optical axis

optical axis
-

Main AFOCAL
;va\ﬂm\ . .
——»00 condition I: condition 11:

) The external lens armay from ( X (€) The afocal light field camera from N; [2005a}

Optlcal Models
Light Field Radiometry

Inverse 4D FT Reconstruction  Inverse 4D FT Reconstruction Bicubic Spatial Upsampling
Zero-Padded in Fourier Domain Bicubic Spatial Upsampling Spatial Reconstruction
dataset courtesy [Veeraraghavan et al. 07]

Color Filter Arrays Light Field Acquisition

»
PCO Sans — CYHG pattorn

.5 \%m Dragonfly
- MokgyPro HS1

ke HotionPro
FastVision Fasi R —
PixoLINK AgST 1 PikeLINK ASS1
-k
Dalsa 1M75 Dalsa 1M75
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Experiment

gain in SNR

ER
log # log ¥

color imaging with light field imaging with

alternative CFAs alternative masks and lenslets

- baseline: RGGB - baseline: pinhole array

Photon Noise

Simulation

see[Wuttig 05]
Additive Noise

Center Right side Bottom right corner
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Image Processing
PlenopticSampling & Reconstructio

SnapshotPlenopticimaging .« =

\

FPM: super-resolution reconstruction

L'z ISz
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Spectral Light Field Imaging

O Spectral Neural Radiance Field Scene Representation

5D Input Output Volume Spectral Rendering
Position + Direction Spectral + Density Rendering Filtering Loss
@yze.9) — ]| —©2
Ray1
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Fourier Ptychographic

Microscopy

System Characterization and
Calibration

Optical Analysis and Algorithm
Development

super-resolution close-up
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Mechanics &
Structural Health

Monitoring

Prof Dr Peter Kraemer
ZESS Copeaker & Member of the Board
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u Siagan ot Conditionand Structural
Health Monitoring

Sensors,
automaticfault
detectionfor rail

SHM of .
vehicles

Rotor blades

Fleet
Monitoring

SHM of /
A Grout & N

A Foundation ¢
A Tower

el Structures . e gel\:'l OOSfpaCG
and ) \ 5 |

Machines
structures

Controlengineeringor s
weldingof tower segments "~

ConditionMonitoring
(CM)
of drivetrains

eeeee

SHM ofrail bridge
components
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MSHMaccesgo o f | tasEi§st

ContractbetweenBEA eG and Research on BEWERSs allowedfor
MSHM of University of Siegen the lifetime of the plant

Tower, blades andrivetrain are installedwith > 100sensors

Exampleof drive Generator shaf A - Biaxal incination
train installation - RPM o - 2x 1-DACC

telemetric system

Weather station on the roof
» Camera

* 5G Antenna

* GPS time sychronisation

Rotor shaft

* Torque

* Bending X

» Bending Y ,
* Abs. position

* Orbit

Battery powered telemetric system
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Ubiquitous
Computing

Prof Dr Kristof Van Laerhoven
ZESS Speaker & Member of the Board
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Ubiquitous
Computing
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DetectingEpileptic Seizures with Wearable Sensors

ZESS /Il Full Members /// Prof Dr Kristof Van Laerhoven: Ubiquitous Computing 21



u Universitat
Siegen

WearableSensors for Capturing Hand Articulation
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sleep from 11:02 - 6:30
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no myoclonic twitches
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leg accel.

[ tennis

—

played tennis twice (Tuesday & Friday)

time (seconds)
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Respiration Monitoring with Depth Cameras




