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Fraunhofer ENAS presents a gyrocompass for indoor 
applications and a monitoring system for power 
distribution networks at SENSOR+TEST digital 2021

At the digital SENSOR+TEST 2021, Fraunhofer ENAS presents a monitoring 
system for condition monitoring of plug and cable connections in switching 
gears for power grids and a MEMS based gyrocompass.

The SENSOR+TEST measurement fair takes place as a digital trade show from 
May 4-6, 2021. This year, the Fraunhofer Institute for Electronic Nano Systems 
ENAS is represented as an online exhibitor and presents technologies, components 
and systems developed at the institute from the world of sensor and measurement 
technology. Among other things, the research institute shows how MEMS gyro-
scopes are used in a gyrocompass and how power distribution grids can be moni-
tored using a multi-sensor system for cable connections.

Compass based on a MEMS gyroscope

Nowadays north-finders based on gyroscopes are used because of their robustness 
against local Earth magnetic field distortion and independence of electromagnetic 
transmission. Furthermore, the systems can be used to align equipment in rein-
forced concrete buildings that requires a specific orientation to the Earth’s rota-
tional axis.

The high resolution and precision needed for north-finders is currently only 
achieved by optical gyroscopes or hemispherical resonator gyroscopes. But they are 
much more expensive and larger than state-of-the-art MEMS gyroscopes.



Fraunhofer ENAS designed an easy-to-use, compact, transportable, standalone 
north-finder based on one MEMS gyroscope. The in-house developed, fully inte-
grated tuning fork MEMS gyroscope offers low enough noise and drift to determine 
north heading down to 1 degree of deviation in less than 10 minutes at a latitude 
of 50.8 degrees (Chemnitz, Germany) without additional signal conversion elec-
tronics. The build in sensor has a bias instability of 0.63 °/h and a noise floor 
(angular random walk, ARW) of 0.02 °/√h. Moreover, the implemented Maytagging 
algorithm allows the use of inexpensive consumer electronics, for example a 
standard stepper motor and low-cost microcontrollers. The measurement routine is 
fully controlled by the microcontroller, which also collects the angular rate data and 
determines the north direction by phase fitting. The power consumption stays 
below 4 watts for the complete measurement cycle. 

The gyrocompass will be presented in a short presentation at the Digital Agenda on 
Tuesday, May 4 at 9 a.m.

Monitoring system for the cable connections of cable-based power grids

The flexible, easily mountable, small-sized, self-sufficient multi sensor wireless 
monitoring system for medium voltage cable joints was developed together with an 
international grid operator. With the help of this real-time monitoring system, faults 
in the cable connections of cable-based power grids can be detected at an early 
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The Fraunhofer Institute for Electronic Nano Systems ENAS is the specialist and development partner in the field of Smart Systems and their 
integration for various applications. Fraunhofer ENAS has specialized on the challenge of combining micro and nano sensors, actuators and electronic 
components with interfaces for communication and a self-sufficient energy supply to form smart systems, thus supporting the Internet of Things and 
the ongoing digitalization. The institute develops single components, manufacturing technologies and system concepts, system integration technolo-
gies and actively supports the technology transfer for and with its customers. It offers innovation consulting and supports customer projects, starting 
from the idea, via design and technology development or realization based on established technologies up to tested prototypes.

Fully integrated precision MEMS gyroscope in a standalone north-finder.
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stage, appropriate maintenance work can be carried out and blackouts avoided. In 
addition, the developed measurement system can contribute to the large-scale 
digitization of the distribution network. This enables the network operator to 
continuously record data on power consumption, critical conditions or incipient 
faults.

The individual sensor nodes consist of a wireless communication module, a power 
conversion module, and various sensors for detecting e.g. partial discharge, over-
temperature and external impacts such as vibrations or shocks. The developed 
system is featured by an impressive flexibility, small size and small weight. It can be 
fitted easily around all common power cables with shielding and cable joints. Even 
the current induction energy harvester has a flexible design. From a current flow of 
around 15 amperes, the radio electronics and sensor technology is supplied with 
sufficient energy. The whole sensor node including radio, sensors and energy 
harvester is designed for and practically tested in a wide operating temperature 
range from –40°C to +110 °C. The system is currently undergoing extensive field 
testing in a switchgear in a 22.9 kV distribution grid. 
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The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. With its focus on developing key 
technologies that are vital for the future and enabling the commercial exploitation of this work by business and industry, Fraunhofer plays a central 
role in the innovation process. Based in Germany, Fraunhofer is an innovator and catalyst for groundbreaking developments and a model of scienti-
fic excellence. By generating inspirational ideas and spearheading sustainable scientific and technological solutions, Fraunhofer provides science 
and industry with a vital base and helps shape society now and in the future. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 
75 institutes and research institutions. The majority of our 29,000 staff are qualified scientists and engineers who work with an annual research 
budget of 2.8 billion euros. Of this sum, 2.4 billion euros are generated through contract research.

Installation of sensors at elbow connectors in ground switchgear. The MEMS vibration sensors 

used were characterized by means of a test station implemented via FMD – Research Fab Micro-

electronics Germany. Photo © Fraunhofer ENAS


