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Introduction

Following a certain tradition, the Division’s An-
nual Report starts with an event which concerns 
the whole Berlin site: this year, another prominent 
building will be ready to take up work. The so-called 
“Technikum” (“Technical Centre”) has been com-
pleted at the northern corner of Abbe Street and 
Guericke Street and will accommodate the techni-
cal infrastructure in this (north-western) part of the 
site. The essential components of the new building 
are the porter’s office and storage, maintenance and 
training rooms, as well as various facilities for build-
ing management and supply engineering in accord-
ance with the infrastructural requirements. 

In terms of urban development, the longitudinal 
side of the “Technical Centre” corresponds to the 
building line of the “Scientific Instrumentation” 
building and the “Chemistry” building. The eaves are 
adapted to the neighbouring “Scientific Instrumenta-
tion” building. The appearance and the material are 
influenced by the yellow clinker brick of the existing 
historic buildings. The new building is intended to 
fit into the existing infrastructure. Furthermore, it is 
to do justice to its significance as a corner building, 
but should not be as outstanding as the main scien-
tific buildings. 

What should be specially emphasized is the new 
high-quality plastic-processing workshop which per-
mits the explicit requirements for test set-ups to be 
fulfilled – as they are required, e.g., by SQUID meas-
uring technology, biomagnetism or magnetic reso-
nance experiments. The workshop is operated by an 

interdivisional team, together with the Scientific In-
strumentation Department of PTB’s Berlin site.

It is precisely the highly professional workshops of 
PTB which are a basic precondition for the imple-
mentation of one of the core tasks of PTB: “Meas-
urements at the limit of measurability”.

PTB’s tasks are very complex, especially also in 
the Division “Medical Physics and Metrological 
Information Technology”; the name of the Divi-
sion should actually be supplemented by the terms 
“Mathematics”, “Data Analysis” and “Modelling”. To 
a small extent, this broad spectrum of tasks is sug-
gested by the headlines at the end of this report. In 
this very report, two subjects for each department 
will be highlighted by way of example:

Metrology for patient safety during MR exa-
minations 

Within the scope of the EMRP project “Metrology 
for next generation safety standards and equipment 
in MRI”, which has been coordinated by the “Medi-

Cover picture:

Pictograms which symbolize the five departments of Divi-
sion 8. They decorate the stairway of the Observatory, PTB‘s 
oldest building, in which Hermann von Helmholtz worked.

Fig. 1: Exterior view of the “Technical Centre” (left) and view 
into the plastic processing workshop (right).
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cal Metrology” Department since April 2012, a se-
ries of experimental set-ups for the traceable meas-
uring  –  among other things  –  of high-frequency 
field distributions within and outside a magnetic 
resonance imaging (MRI) scanner have been real-
ized as scheduled. With the aid of these measur-
ing devices, especially the results of numerical field 
simulations can be experimentally validated in the 

MRI scanner, whereby great emphasis was put on an 
implementation which is independent of the man-
ufacturer and the field strength of the tomograph. 
Achieving this milestone, which is important for all 
project partners, makes it possible to substantiate 
future MR safety standards in a well-founded met-
rological way and is thus of decisive importance for 
the second project phase. 

Magnetic Resonance Spectroscopy at neuro-
transmitters

The concentrations of neurotransmitters and other 
biomolecules in the human brain as well as their de-
velopment over the lifespan are of great importance 
for diagnostics and therapy, e.g. of neurodegen-
erative diseases. An MR-spectroscopic procedure 
developed in this department makes it possible to 

Fig. 2: left: Full-body phantom in PTB’s 3-tesla MRI including 
gantry for the measuring of high-frequency E and H fields 
in the scanner by means of electro-optical field probes; 
the calibration is carried out in an improved MR-TEM cell 
with traceability to the gyromagnetic ratio of water protons. 
Top right: Field distribution of the magnetic high-frequency 
component B1+ for a nominal power of 1 kW at the coil ent-
rance measured by means of MR methods in the full-body 
phantom. Bottom right: Set-up for the in-situ measurement of 
the S matrix of transmit coil arrays.

Figure 3: Significant chan-
ges in the concentrations 
of glutamate and glutamine 
with increasing age in the 
anterior gyrus cinguli (small 
inserted photo), measured 
by means of MR spectro-
scopy at 3 tesla. This figure 
shows the effect for the 
whole cohort, i.e. without 
distinction of the sexes. The 
measurement uncertainties 
amount, on average, to 
1.5 mmol/l for glutamate and 
to 0.4 mmol/l for glutamine. 
The scattering of the data is 
dominated by physiological 
noise. 



Medical Physics and Metrological Information Technology

138

quantify such concentrations in vivo with high pre-
cision. Within the scope of large-scale studies in co-
operation with the Charité-Universitätsmedizin Ber-
lin (Charité University Medical Center Berlin), the 
levels of a series of substances were quantitatively 
determined in two important brain regions of 118 
healthy 20- to 55-year old volunteers – half of them 
women. Thereby, a reduction in the concentration of 
the most important excitatory neurotransmitter glu-
tamate as well as a significant increase in glutamine, 
which has an important share both in the synthesis 
and in the removal of glutamate, can be proved with 
increasing age. Interestingly, the age effect on gluta-
mate is stronger in the case of female test persons. 
Sex-specific differences were also found in the non-
age-dependent concentrations of total creatine and 
choline which reflect the energy metabolism und the 
cell-membrane-specific reconstruction processes. 

In addition to the original scientific importance of 
these results for the understanding of ageing pro-
cesses in the healthy brain, the data can also serve as 
reference information for future MRS studies with 
a completely different objective by quantitatively 
eliminating the influence of the age and sex distri-
bution in the examined cohort on the metabolite 
concentrations measured. 

Magnetic resonance imaging at low fields

In magnetic resonance imaging, there has always 
been the tendency towards increasingly higher mag-
netic field strengths. There is a good reason for this, 
as the signal intensity and, thus, the spatial resolu-
tion increases with the field strength. However, this 
is not necessarily valid for the other criterion which 
determines the image quality –  the contrast. Here, 
a study of the University of Berkeley has shown, 
for example, that the T1 relaxation times of cancer 
tissue of the human prostate and the surrounding 
healthy tissue differ by approximately a factor of 2 in 
the ultra-low field at 132 µT. At these extremely low 
field strengths, tumour tissue can be made visible by 
means of T1-weighted imaging, which – at higher 
field strengths – can only be achieved insufficiently. 

In order to put this occasional observation into a 
larger context, the «Biosignals» Department ex-
amines how the T1 and the T2 relaxation times of 
different substances and tissue samples behave at 
extremely low magnetic fields in Nuclear Magnetic 
Resonance (NMR). For this purpose, an ultra-low 
field NMR measuring facility was set up for a mag-
netic field range from 100 nT to about 200 µT. As al-
ready reported in the Annual Report 2012, surpris-
ing observations were made at this low field strength 
in pure water, which could not be interpreted by 
means of the established physical models. 

Currently, priority is given to samples whose physi-
cal properties come closer to the physiological con-
ditions, e.g. agarose gels with different viscosities. It 
is envisaged, in future, to examine cancer tissue of 
the prostate and of the liver taken from an animal 
model. A priority of these studies would be to iden-
tify the field range in which an optimum tumour-
specific imaging is possible. 

Due to the physically induced lower signal-to-noise 
ratio, imaging in the extremely low field will, with 
regard to spatial resolution, never be able to com-
pete with high-field imaging. It could, however, 
turn out that the improved contrast in the extremely 
low field allows an information gain in another way 
which will open up new diagnostic applications for 
magnetic resonance imaging. 

Magnetic nanoparticles in medical metrology

In addition to new diagnostic procedures, PTB’s 
sensitive magnetic metrology also plays a major 
role in the development of new tumour therapies. 
Iron-oxide-based magnetic nanoparticles are used 
for these new therapy approaches which can be en-

Fig. 4: Left: Photo and ULF MR images of a sample phantom 
a) water, b) CuSO4 in aqueous solution and c) CuSO4 in 
aqueous solution and hydroxyethyl cellulose. Centre: Figure 
at 17.7 µT (731 Hz). Right: Figure at 2.3 µT (100 Hz), colour 
scales in tesla, the spatial resolution is 1.8 mm x 1.4 mm.
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riched especially in the tumour tissue by means of 
an external magnetic field. 

If you bind cancer-cell-destroying drugs or specif-
ic nucleic acids to the nanoparticles, the latter will 
mainly unfold their effect in the tumour tissue and 
harmful side effects on the healthy tissue can be re-
duced. Via a magnetic alternating field applied from 
the outside, the nanoparticles can be additionally 
and purposefully heated in order to accelerate the 
destruction of the tumour cells. 

When developing the new therapies, the conditions 
under which as many nanoparticles as possible 
would accumulate in the tumour must be clarified. 
For this purpose, it is necessary to determine the 
distribution of the nanoparticles in the organism in 
a non-invasive way. 

By means of the measurement method of magnetic 
relaxometry in the homogeneous field which had 
been developed earlier by this department, it had al-
ready been possible to quantitatively indicate the to-
tal amount of magnetic nanoparticles in the organ-
ism and the centre of gravity of their distribution. 

In a further development, several sequential mag-
netic relaxometry measurements with strongly in-
homogeneous excitation fields will be used. As a 
result, the distribution of the magnetic nanoparticle 
content in the tissue over a larger volume area can be 
reconstructed quantitatively and spatially resolved. 

To demonstrate the method, a phantom of an organ-
ism made of 54 gypsum cubes with an edge length 
of 1 cm was manufactured. Twelve of these cubes 
were loaded with 5 mg of magnetic nanoparticles. 
The other cubes remained unloaded. This phantom 
was magnetized by a sequence of 48 field coils which 
were differently arranged in the room, and after the 
magnetization field had been shut down, the respec-
tive amplitude of the decaying magnetization was 
determined by means of a multi-channel SQUID 
system. The whole measurement only took a few 
minutes. 

By means of the new reconstruction procedure, the 
nanoparticle content in the individual cubes could 
be reconstructed with an uncertainty of 50 µg.

Currently, PTB aims at enlarging the measuring set-
up and the phantoms to be able to offer examination 
conditions which are as realistic as possible for tu-
mour therapy for human beings. 

Traceability of measurements of biologically 
relevant objects by means of counting

Measurement procedures which are based on direct-
ly counting biologically relevant entities like cells or 
molecules, but also micro-organisms, e.g. viruses 
or bacteria, can – under certain conditions – be di-
rectly used for the realization of the SI unit for the 
amount of substance. The traceability of respective 
measurements in medicine and biology, but also in 

Fig. 5: Measuring set-up for 
phantom measurements for 
the non-invasive imaging of 
magnetic nanoparticles. 
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the fields of environment and nutrition could, thus, 
be realized by counting the number of biologically 
relevant entities. Measurement procedures based on 
this approach are therefore considered as a key tech-
nology for the establishment of the traceability to 
the SI system of units in the above-mentioned fields. 

In PTB›s «Biomedical Optics» Department, met-
rological pioneering work on the development and 
supply of measurement procedures for the absolute 
counting of cells as reference measuring methods for 
laboratory medicine has been carried out for many 
years. This includes mainly flow-cytometric meas-
urement procedures for the counting and the deter-
mination of the concentration of cells in blood and 
in other body fluids, but also microscopic counting 
procedures. In this way, reference values determined 
by PTB via cell counting ensure, today already, the 
traceability within the scope of legally stipulated in-
terlaboratory comparison measurements in labora-
tory medicine.

Within the framework of the EMRP project “Me-
trology for monitoring infectious diseases, antimi-
crobial resistance, and harmful micro-organisms”, 
flow-cytometric and microscopic counting proce-
dures  –  besides biomolecular procedures like the 
digital polymerase chain reaction, are further devel-
oped by PTB, among others, to be able to use their 
advantages and potential also for a more accurate 
determination of the concentration of viruses and 
bacteria. These activities are carried out in coopera-
tion with European partners from the Laboratory 
of the Government Chemist (LGC), UK, the BAM 

Bundesanstalt für Materialforschung (Federal Insti-
tute for Materials Research and Testing), the Joint 
Research Centre (JRC) of the EU, the Nacionalni 
Inštitut za Biologijo (NIB), Slovenia, the Türkiye 
Bilimsel ve Teknolojik Araştirma Kurumu (TÜBI-
TAK UME), Turkey, as well as with working groups 
of the University College London (UCL) and the 
Charité-Universitätsmedizin Berlin (Charité Uni-
versity Medical Centre Berlin).

However, the suitability of absolute counting proce-
dures as higher-order reference measuring methods 
depends on two essential preconditions: First, on 
the knowledge of the counting uncertainty (sample 
uncertainty) which must be as accurate as possible; 
second, on the definition and identification of the 
relevant targets (identification uncertainty) which, 
too, must be as accurate as possible. Whereas, usu-
ally, the stochastic uncertainties can be well esti-
mated by means of counting a sample via known 
statistical methods, the uncertainty concerned with 
the definition and identification of objects has so 
far hardly been examined. Another EMPR project 
with the title “Traceability for biologically relevant 
molecules and entities”, which is coordinated by the 
Laboratory of the Government Chemist (LGC), UK, 
and in which PTB’s department, in addition to the 
Istituto Nazionale di Ricerca Metrologica (INRIM), 
Italy, the Laboratoire national de métrologie et 
d’essais (LNE), France, the Nacionalni Inštitut za Bi-
ologijo (NIB), Slovenia, and the Türkiye Bilimsel ve 
Teknolojik Araştirma Kurumu (TÜBITAK UME), 
Turkey, are involved, is investigating this fundamen-
tal question on the suitability of counting procedures 

Fig. 6: Fluorescence 
scattering diagram for the 
determination of the con-
centration of (CD34 positive) 
stem cells by means of 
relative counting relating to 
calibration particles.
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for the traceability of measurements of biologically 
relevant objects. In addition to primary reference 
measurement procedures, where also the volumes 
of the diluted samples are directly determined, sec-
ondary reference measurements will be validated in 
this project by means of relative measurement pro-
cedures as well. These measurement procedures can 
be easily employed by manufacturers and end users 
so that measurements of higher precision are also 
possible in hospitals. Figure 8 shows, as an exam-
ple, a fluorescence scattering diagram from which 
the concentration of CD34 positive stem cells can be 
determined relative to the known concentration of a 
calibration particle suspension. 

The results of this multisectoral project are sup-
posed to characterize influence quantities and meas-
urement uncertainties for various analytes (cells, 
DNA, lipoprotein particles) and to create, thereby, 
the foundations to find out to what extent absolute 
counting can be applied to realize the traceability to 
the SI unit of the amount of substance with biologi-
cally relevant entities.

European project on new methods for the de-
termination of measurement uncertainties 

Within the scope of the EMRP project “NEW 04 - 
Novel mathematical and statistical approaches to 
uncertainty evaluation”, new uncertainty evaluation 
methods for inverse problems and regression pro-
cedures are developed and applied in selected case 
studies at PTB. In addition to taking into account all 
uncertainties, an important component for the de-
termination of trustworthy uncertainties is also the 
inclusion of any prior knowledge. This was realized 
for the case study of the ELISA (= enzyme-linked 
immunoabsorbent assay) tests during the last year: 
From an earlier international interlaboratory com-
parison, informative prior distributions could be 

constructed which formalize the experience made 
during ELISA tests which had been carried out in 
the past. The prior distributions allow reliable un-
certainty analyses for future ELISA tests (carried 
out, e.g., on various analytes in different laborato-
ries). Furthermore, they facilitate a regularization 
of regression problems, e.g., in cases where data are 
lacking. The method developed thus also allows an 
analysis for ELISA tests. With the methods used to 
date, no or only an (extremely) inaccurate result 
could so far be achieved.

Another example from the above-mentioned EMRP 
project is the treatment of inverse problems for sys-
tems with computationally expensive models. Here, 
a prominent example at PTB is the exploitation of 
indirect measurements by scatterometry carried out 
on masks which are used in the semiconductor in-
dustry for the manufacturing of components. There-
by, results are obtained by comparing measurement 
data with the results of simulations of the Max-
well equations by means of finite element methods 
(FEM). Thereby, the geometry is determined nu-
merically for which the simulation results agree best 
with the original measurement data. In addition to 
the determination of geometry parameters such as 
the critical dimensions (e.g. upper and lower width 
as well as height of a trapezoid structure in Figure 
8, centre) and the side-wall angle (SWA in the same 
figure), the uncertainties of these parameters must 
also be determined. Within the scope of the pro-
ject, it was demonstrated that the improvement of 
the mathematical model leads to both a smaller un-
certainty of the critical dimensions (< 2 nanometres 
instead of < 5 nanometres) and a good agreement of 

Figure 7: Micro titre plate of an ELISA test (a bioanalytical 
test which, among other things, is used in medicine, source: 
Voigt et al., 2008) and the regression curve estimated with 
prior knowledge. 
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the side-wall angles determined from scatterometry 
with the values of this quantity which have been di-
rectly obtained from scanning force microscopy by 
these values (see Figure 8, bottom). In addition to 
approximation procedures, e.g. covariance methods 
based on linearization, now also surrogate models 
can be used to determine the measurement uncer-
tainty. They are based on the polynomial chaos and 
enable Monte Carlo simulations to determine the 
uncertainties by means of a calculating speed which 
is faster by three to four orders of magnitude than 
the original model. 

Initiative for a European centre for mathema-
tics and statistics in metrology 

In the running EMRP project, currently also the 
concept of a “European Centre for Mathematics and 
Statistics in Metrology” is worked out which is not 
only supposed to institutionalize the increasing Eu-
ropean cooperation of the mathematical experts of 
the European metrology institutes, but also to make 
the already existing know-how, in particular the 
know-how which has been newly developed in the 
course of several EMRP projects, available to the in-
terested users of the European metrology institutes, 
to European industry and to European and interna-
tional organizations, e.g. in the field of normaliza-
tion and standardization. 

Reliability of measurement data in energy 
grids

The “Metrological Information Technology” De-
partment, whose work is focussed on the reliability 
and security of metrological software and measure-
ment data, has been engaged, to a particular extent, 
at the national and at the international level, in the 
security of measurement data in energy grids. At 
the European level, the department has participated 
in the EMRP project “Metrology for Smart Electri-
cal Grids”, which was concluded in 2013. This task 
mainly comprised conceptual work. This led to 
the creation of a security concept for metrological 
components in Smart Grids. The concept focuses 
on the end-to-end security of the measurement 

Figure 8: Photo of EUV scatterometer (top) and schematic 
drawing of the profile of a period of a line structure on an 
EUV mask (centre) and certain values of the side-wall angle 
(SWA) determined from the solution of the inverse problem 
with measurement uncertainty (blue) for various fields on 
the EUV mask (bottom). The results of comparison mea-
surements carried out on the same fields by means of the 
scanning force microscope (3D-AFM) are represented as red 
dots. 
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data by taking into account the particular dynamic 
requirements placed on measurement systems in 
Smart Grids. The activity was carried out in accord-
ance with the work accomplished in the Task Force 
“Smart Grid” and in the CEN/CENELEC/ETSI 
Smart Grid Coordination Group which was set up 
by the EU Commission and in which the depart-
ment had been actively involved.

At the national level, Smart Meter Gateways are, 
in future, intended to be the communication link 
between the electricity meters and the economic 
stakeholders connected via Internet (see Figure 9). 
Gateways are purely IT instruments with extensive 
metrological functions, and they are thus subjected 
to the regulations of legal metrology.

In protection profiles and technical directives, the 
German Federal Office for Information Security 
(BSI) secures IT security and the interoperability of 
the gateways. However, the security philosophies, 
which are the basis of IT security concepts and legal 
metrology, differ from each other and have led to the 
necessity of working out a supplementary document 
of requirements which is closely linked to the BSI 
documents. 

The concrete metrological requirements were de-
veloped by the “Metrological Information Technol-
ogy” Department – as the project leader – in close 
cooperation with PTB›s subgroup «Communica-
tive Utility Meters», and laid down in the document 
PTB-A50.8 as a reliable guide to be used by manu-
facturing companies and testing institutes. Close 
coordination existed with the BSI, the verification 
authorities and the trade associations concerned. 

Important contents of PTB-A50.8, which exceed the 
general security and interoperability requirements 
in the protection profile and the Technical Direc-
tives, are: 

•	 Definition	of	the	relations	of	the	gateways	to	oth-
er technical facilities, such as the display unit, the 
meter and the time server; 

•	 Requirements	 placed	 on	 time	 synchronization	
and on the secure provision of time; 

•	 Requirements	placed	on	 fault	detection	and	on	
the recording for verification purposes;

•	 Protection	 against	 forbidden	 interactions	 and	
side effects of software interfaces; 

•	 Requirements	placed	on	data	acquisition	and	on	
the creation of new measurands;

•	 Requirements	placed	on	 the	 contents	 and	vari-
ants of the displays, and on the storage and dis-
play of information which is relevant to billing. 

New challenges in the field of gaming ma-
chines

Industry’s interest in the marketing of new gaming 
machine types has persisted for several years now. 
Figure 10 shows the development of the type ap-
provals in the past few years. What is supportive of 
the fast development of new types is the comput-
erization of the gaming machines and, thus, the ex-
tensive shift of the gaming machine development to 
the creation of new software. All essential gaming 
procedures take place on computers and are repre-

Fig 9: Classification of the Smart Meter 
Gateways between meters and open 
communication networks.  
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sented on high-quality screens. New types are thus 
often created only through the further development 
of the software.  

However, the use of embedded IT systems is not 
only a phenomenon which influences the number 
of types, it also makes new qualitative demands on 
the type approval tests. This applies especially to the 
protection of the instruments against inadmissible 
interventions because, in addition to the advantages 
brought about by the use of current information 
technology and software, also their risks have to be 
taken into account.

In 2013, the Federal Ministry for Economic Af-
fairs and Energy (BMWi) presented a draft for the 
amendment of the gaming regulations. The aim of 
this draft is to achieve significant improvements for 
the protection of the gambler. In order to achieve 
the desired effect in the case of the machine-specific 
approval requirements, the particularities of the IT-
based gaming machines must be considered in an 
adequate way. Here, the “Metrological Information 
Technology” Department, which is continuously 
gaining expertise by means of its approval activity, 
has rendered consultancy to the BMWi.

Within the course of the consultation, concrete 
machine-specific requirements were identified and 
their implementation into testing procedures was 
investigated. The conversion of political aims into 
parameters which can be tested by an approval au-
thority is an important criterion for the attainability 
of the aimed-at objectives.

The examination was focussed on 

•	 the	 introduction	 of	 a	 periodic	 gaming	 break,	
with a resetting of the gaming machine into a de-
fined initial state;

•	 the	 safeguarding	 of	 data	 which	 have	 been	 ge-
nerated by the gaming machine and which are 
needed especially for the levying of taxes, also 
outside the machines;

•	 a	comparative	analysis	of	different	variants	of	a	
player card to prevent a use of the machines by 
persons under 18 and to contain multiple ga-
ming.

The underlying technical concepts will have to be 
presented in detail in a future technical directive 
which will follow the amendment of the gaming 
regulation.

Fig. 10: Development of the 
type approvals
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Fundamentals of Metrology 

EMRP project on the quantification of biologi-
cally relevant molecules and entities 

Quantification of the concentration of viruses 
and bacteria within the scope of the EMRP pro-
ject INFECT-MET

Traceability of photometric absorption measure-
ments for the determination of the total haemo-
globin content in blood 

Characterization of the 129Xe spin relaxation in 
glass cells

Field-controlled particle matrix interactions 

Microscopy on fluorescent marking peptides in 
living cells 

Equivalence of two statistical methods for inter-
laboratory comparisons 

Critical analysis of existing guidelines for the 
analysis of key comparisons

Setting up an environment for high-performance 
computing (HPC) in metrological applications 

New procedure for the determination of prior 
distributions for measurement uncertainty ana-
lysis 

Robust surveillance of the covariance matrix 

Comparison with AFM confirms accuracy of 
scatterometric measurement and evaluation 
procedures 

Simplified evaluation procedures for magnetic 
field fluctuation thermometry

EMRP project “Metrology for Smart Electrical 
Grids” concluded

Headlines: News from the Division

Metrology for the Economy

Launching of the ZIM project “New nanoparticle 
contrast agents for Magnetic Particle Imaging”

EMRP project IND52: “Multi-dimensional reflec-
tometry for industry” 

Development of new sensors for flow-cytometric 
cell counting

Conclusion of the MSTQ project “Setting up a 
paediatric ECG reference system for functional 
extension of Automated External Defibrillators”

Development of a mathematical method for spec-
tral deconvolution 

New MSTQ project: “Development of procedures 
for the characterization of integral quantities 
from differential optical measurements” 

Improved modelling of the tilted-wave interfer-
ometer by means of the simulation environment 

Determination of the roughness of line profiles by 
scatterometry

Mobile measurement technology for electric vehi-
cles in road traffic

Licence agreement between PTB and D-Trust on 
the use of INSIKA software 

Metrological requirements placed on Smart Meter 
Gateways

Metrology for Society

Functional magnetic resonance spectroscopy in 
the visual cortex

Efficient procedure for the determination of po-
wer limit values for multi-channel MR excitation 
coils
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HF head coil at 7 tesla
Measurements with regard to the warming at im-
planted EEC electrodes during MR investigations

Interlaboratory comparison on living and artifi-
cial test pieces

Mobile 129Xe polarizer in the field

Improvement of the signal strength of a hyperpo-
larized 129Xe gas flow

Characterization of a 129Xe NMR and fluore-
scence biomarker

Small animal respiration system for hyperpola-
rized 129Xe gas

Infrasound source for the magnetic/acoustic 
shielding room

Foetal magnetocardiograms by means of multi-
ple optically pumped micromagnetometers 

Can brain currents be seen in magnetic reso-
nance images? 

Use of near-infrared spectroscopy for the investi-
gation of physiological processes in the kidney of 
small animals 

The influence of tissue absorption on the deter-
mination of the dye concentration by means of 
fluorescence measurements in reflexion geome-
try

Efficient time-resolved optical brain imaging of 
larger areas

General Linear Model Analysis of in-vivo 
measurements in terms of the motor activation 
of the brain by means of time-resolved near-inf-
rared spectroscopy (NIRS)

Absolute determination of the quantum yield of 
fluorescent nanomaterials 

Successful conclusion of the project on the trans-
fer of R&D results for the determination of cell 
concentrations in body liquids 

Temperature distribution in large storage tanks 

Three-dimensional simulation of turbulence in 
an active fluid 

Modelling of deformation waves in biological 
cells 

Helmholtz seminar on the calculation of the 
measurement uncertainty in practice

Modern regulation of software updating in 
measuring instruments

Complex software architectures in modern 
measuring systems 

Support rendered for the development of new 
guidelines on cash gaming machines 

International Affairs

Scientific-technical cooperation between PTB 
and the University of Tandil, Argentina 

The Joint Committee for Traceability in La-
boratory Medicine (JCTLM) recognizes PTB’s 
measurement procedure for cell counting as a 
reference measurement procedure 


