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The THz Frequency Range

ZESS /// Full Members /// Prof Dr Peter Haring Bolívar: High Frequency & Quantum Electronics

n= 300 GHz é 10 THz

l= 1mm é 30Õm

k = 10cm-1 .. 300cm-1

THz is at the transition

from electronics to optics
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THz Imaging & Sensing Areas
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Medical
e.g. tumor or caries 

recognition

THz
imaging & sensing

Remote sensing
e.g. astronomy, climate, 

now-casting, ...

Ultrafast sensors
e.g. DUT analysis, circuit test, 

device optimization, ...

Tooth decay

Security
e.g. drug & 
explosives 

detection

aspi-
rin 

MDMA

Amphe-
tamine

DNA

Industrial
e.g. package 
inspection, 

process control

3D imaging Non-destructive
testing (e.g. GFC)

Connective tissue

Biotech
e.g. genetic & proteomic 

sensing, biochips

|
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frequency (THz)

Tumor

Fat

Environment
e.g. astronomy, crops, 
ŊċƚĲƚЯШĦŸŰƣċůŔŰċƣŔŸŰЯШв

P. de Maagt, P. Haring Bolivar and C. Mann, Encyclopedia of RF and Microwave 
Engineering, pp. 5175-5194 (John Wiley & Sons, Inc., 2005) ISBN 0-471-27053-9.

THzcommunications
e.g. WAN, WPAN, Chip-to-ĦőŔƓЯШв

јEůĲƖŊŔŰŊљ

6G
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3D Cameras

ZESS /// Full Members /// Prof Dr Peter Haring Bolívar: High Frequency & Quantum Electronics

ÅThe AI-infused world is characterised by intelligent technical systems that need to interact reliably 
with people and each other. 

Å3D vision (seeing and recognising) is a crucial prerequisite.

Reliable high resolution3D-measurementswith activeopticalsensors
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ÅReal-3Dwith Si-integratedSensorswith activeillumination(ToF)(Prof. Schwarte)

ÅFurtherSpin-off from BASFresearchactivity(Dr. Thiel,Prof. HaringBolívar)

3D Camera Spin-offs

ZESS /// Full Members /// Prof Dr Peter Haring Bolívar: High Frequency & Quantum Electronics

Durchbruch durch größere Verbundprojekte, wie z.B. BMBF Projekt LYNKEUS (>1000 Personenmonate) und Industriekonsortia. 
Eintritt in Massenmärkte gelungen(zB Lenovo, Leica, ...)

> 100 Staff

> 50 Staff

Readout circuitryUa Ub

poly-Si

U0+umU0-um

n+ n+

DUab=

Ua-Ub

p- ROa ROb

PGbPGa

bƻƳƛƴŀǘŜŘ ά!a! LƴƴƻǾŀǘƛƻƴ !ǿŀǊŘ нлмфέ
Organische Zelle; Fundamentalbeobachtung und Effekterklärung im Rahmen Industrieprojekt mit BASF/ERT Optik

bƻƳƛƴŀǘŜŘ άZukunftspreis нллнέ
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3D Camera Development

ZESS /// Full Members /// Prof Dr Peter Haring Bolívar: High Frequency & Quantum Electronics

HeterogeneousIntegration
Å 2D Materials (Graphen) on Si

Passive Direct3D
Å Nonlinear. a-Si photodiodes

Cooperation Haring Bolívar, Kolb, Lemme, PMDTec, Charbón, et al.



8

P
h

o
to

: 
S

a
s
c
h
a

 H
ü
tt
e
n
h
a

in

Computer 
Graphics

Prof Dr Andreas Kolb

ZESS /// Full Members /// Prof Dr Andreas Kolb: Computer Graphics
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Sensor Simulation 
 

ZESS /// Full Members /// Prof Dr Andreas Kolb: Computer Graphics

Real Depth Data

Sim. Depth Data

Input                 Regular Layout             Optim. Layout         Ground Truth

Sim. THzData

Real THzData

Å Variation of sensor parameters, such as pixel layout or 
color filter

Å Joint learning of task and sensor parameters

Å Various modalities, e.g., color, depth, THz, and 
multispectral

Å Physically based sensor & scene models

Sensor Optimization
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Low Feature Scene 3D reconstruction
Reference offline 

optimization
Our online2D 
reconstruction

Model-driven Sensor 
Data Fusion

Data-driven Sensor 
Data Fusion

Å Interactive for high data rates
Å Sample tasks: real-time scene or 

image reconstruction  

Å Neural scene representation (NeRF and Gaussian 
Splatting)

Å Sample task: Super-resolution
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Computational 
Sensorics & Commu-
nications Engineering

Prof Dr Ivo Ihrke
 

ZESS /// Full Members /// Prof Dr Ivo Ihrke: Computational Sensorics & Communication Engineering 
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Computer Graphics: 
Flame and Smoke Tomography Fluid Velocity Estimation 

Engineering Measurements:
3D Refractive Index Tomography

2004 2008

Fluid Velocity Estimation

Captured Data

Resim + Turbulence

2014

2014

ZESS /// Full Members /// Prof Dr Ivo Ihrke: Computational Sensorics & Communications Engineering 
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https://www.k-lens-one.com/

Kaleidoscopic Imaging: 
Multiplexing Many Views 

K|Lens
A New Light Field 
Imaging Architecture

Bidirectional Kaleidoscope:
Simultaneous Geometry and Reflectance

2011

2008
2012

2013

APPLICATION: VIRTUAL F/0.7 REFOCUSSING

2021

https://www.k-lens-one.com/ZESS /// Full Members /// Prof Dr Ivo Ihrke: Computational Sensorics & Communications Engineering 

https://www.k-lens-one.com/
https://www.k-lens-one.com/
https://www.k-lens-one.com/
https://www.k-lens-one.com/
https://www.k-lens-one.com/
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Image Processing
Plenoptic Sampling & Reconstruction 

Optical Models
Aberrations

Optical Models
Unifying First-Order Light-Field Theory

Optical Models 
Light Field Radiometry

Long-standing problem: 
This is just an approximation
New: Exact Analytical Solution

ZESS /// Full Members /// Prof Dr Ivo Ihrke: Computational Sensorics & Communications Engineering 
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captured phase map

ground truth phase map3D printed ground truth

Image Processing
Plenoptic Sampling & Reconstruction 

Phase Retrieval & 
Acousto-fluidics

Microscopic Superresolution
Fourier Ptychographic Microscopy

Snapshot Plenoptic Imaging

Spectral Light Field Imaging

objective
LED array

sensor

mirror

Depth Estimation

Fourier Ptychographic 
Microscopy
System Characterization and 
Calibration
Optical Analysis and Algorithm 
Development

acousto-fluidic 
device

sustained sample rotation

ZESS /// Full Members /// Prof Dr Ivo Ihrke: Computational Sensorics & Communications Engineering 
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Mechanics & 
Structural Health 
Monitoring
Prof Dr Peter Kraemer
ZESS Co-Speaker & Member of the Board 
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ZESS /// Full Members /// Prof Dr Peter Kraemer: Mechanics & Structural Health Monitoring
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SHM of 
ÅGrout
ÅFoundation
ÅTower

SHM of
Rotor blades

Control engineeringfor
weldingof tower segments

SHM of rail bridge
components

Sensors, 
automaticfault 
detectionfor rail
vehicles

ConditionMonitoring 
(CM)
of drive trains

CM of foam
cutting
machines

CM of 
aerospace
structures

Fleet 
Monitoring

Conditionand Structural
Health Monitoring

ZESS /// Full Members /// Prof Dr Peter Kraemer: Mechanics & Structural Health Monitoring
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MSHM accesstoαƭŀǊƎŜ test rigsά

Bürger-Energie 
AltertheimeG

NX N117, 2.4 MW
hub height141m

ContractbetweenBEA eG and 
MSHM of University of Siegen

Research on BEA-WEP isallowedfor
the lifetime of the plant

Tower, blades and drive train are installedwith > 100 sensors

Exampleof drive
train installation

ZESS /// Full Members /// Prof Dr Peter Kraemer: Mechanics & Structural Health Monitoring
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Ubiquitous 
Computing

Prof Dr Kristof Van Laerhoven
ZESS Speaker & Member of the Board 
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ZESS /// Full Members /// Prof Dr Kristof Van Laerhoven: Ubiquitous Computing 
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Ubiquitous 
Computing
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Detecting Epileptic Seizures with Wearable Sensors
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Wearable Sensors for Capturing Hand Articulation

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



23ZESS /// Full Members /// Prof Dr Kristof Van Laerhoven: Ubiquitous Computing 

Activity Recognition
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Respiration Monitoring with Depth Cameras


