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1. Background and Purpose of Application 
 

Green power applications, particularly driven by the wind turbine industry and associated smart 

grid solutions, have significant instrumentation needs for making wind turbines/power plants 

more energy efficient, have greater reliability, and be able to seamlessly integrate with power 

suppliers, distribution nets, and consumer devices. Precision synchronization between all devices 

and sensors is a mandatory enabling technology for all of these applications.  

 

Test and development of wind turbines require multi-channel synchronized instrumentation to 

make meaningful measurements with respect to vibration, noise, and wind flow. These 

measurements relate to the efficiency, reliability, and life time of the wind turbines.  They also 

enable experimental validation of the mathematical models of vibration (FEM), sound 

propagation, wind flow models (CFD).  In addition, shadowing effects in wind turbine farms, 

impact of changing wind speed/direction along with turbulence provide significant challenges in 

site planning and efficient operations of wind farms.  The noise footprint of wind turbines can be 

more accurately modeled and measured using multiple synchronized microphones, and noise 

sources can be identified by correlation between vibrating wing surfaces and radiated noise. This 

can only be achieved using synchronized blade-mounted and ground-based sensors, a 

measurement which today is extremely difficult to perform.  

 

The development of large scale arrays of synchronous acoustic transducers provides opportunities 

to create high-performance, low-cost acoustic holography and imaging systems for identification 

of dynamically varying and moving (rotating) sound sources.  Although such arrays exist today, 

they are severely constrained by physical cable distances of a few hundred meters, whereas 

wireless synchronization developed by this project, makes arbitrary distances possible.  

Extensions of these technologies into audio recording and reproduction, as well as other types of 

transducers, can provide innovative new applications that have never before implemented due to 

prohibitively high costs.   

 

The core technologies developed provide for a platform for a wide range of new innovative 

applications.  Examples included improved traffic, transport, delivery services, and logistics flow 

made possible by more precise timing, thereby resulting in greener solutions.  Reduction of 

queues and associated wasted time and energy are direct consequences of better synchronization.  

As a new platform for distributed sensors it becomes an enabling technology reaching 

applications far beyond its original goals. It will also serve as a fertile soil for applications 

innovation, similar to the creativity inspired by PCs and Smart Phone platforms and as seen in the 

instrumentation industry on VME, VXI, and PXIbus platforms.  

 

The project pulls together a range of Danish and international companies with state-of-the-art 

knowledge of timing technologies and this directly contributes to the improved competitiveness 

of the wind turbine industry, associated transducers and instrumentation manufacturers, and end 

users in associated applications and services industries. 

 

The project drives significant innovation on two fronts:  

 

1. Development of technologies that make  

 Small devices: Enables lightweight electronics which can be built into many types of 

transducers. 
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 Wireless synchronization:  Accuracy of 100 ns or better is made possible between all 

devices in a system.  

 No practical distance limitations between devices thanks to the global synchronous 

time provided by GPS.   

 Low power:  

i. Innovative technologies that make extraction of time signals from GPS 

receivers very energy efficient by new algorithms which only require the 

receiver to be active for less than 100 ms, hence greatly reducing power 

consumption, thus moving closer to the long term goal of autonomous 

sensors, also from a power standpoint, using energy harvesting.   

ii. Synchronous wireless data transmission utilizing precision timing 

mechanisms can greatly reduce power consumption associated with wireless 

transmission, as well as reducing latency, thus making such systems more 

applicable for real time audio transmission, as well as for instrument and 

control systems where rapid feedback loops require low transmission latency.   

2. Development of new applications for such sensors, particularly in the area of green 

applications such as wind turbine development and monitoring, smart grid monitoring and 

control, as well as acoustics and vibration measurements to ensure more efficient, low-noise 

products. The project provides for a user-driven research, where users of a diverse range of 

applications participate in intensive project kick-off meetings where their requirements and 

innovation ideas and communicated to the research team, thus ensuring that the research 

meets real world needs.  

 

One example of a potential applications innovation is the ability to merge data from unrelated 

measurement systems.  For example, since all data is logged on a precisely synchronized time 

axis, waveforms from all measurement stations can be precisely correlated, whether it was 

planned or not. For example, multiple sound recordings from different locations during the 

fireworks on holidays such as New Year’s evening can be used for scientific purposes of 

analyzing sound propagation, reflection, and attenuation in complex landscapes, cities, and 

across bodies of water, thus contributing to a large scale unique scientific experiment as a 

useful, unintended byproduct of an entertainment event.  

 

The project will have significant impact on the continued success of the Danish wind turbine 

industry, where reliability and efficiency are high priority challenges. These attributes will 

directly and indirectly impact all of society by providing lower cost, lower carbon power. This 

will support a highly reliable society which becomes more and more vulnerable as its dependence 

on reliable “always on” electronics (and associated power sources) becomes greater, and hence 

critical for the stable operation of all aspects of society. 

 

Denmark’s historically strong position in instrumentation, acoustics and sensor systems will be 

improved by use of these technologies, with three of the Danish project partners being SME’s 

operating in these fields. Spin-offs from the core technologies is expect to impact a wide range of 

industries outside those of the project participants, due to synchronous timing be a core enabler in 

many new ideas.  

 

Multiple innovative new products and services can leverage the technologies developed:  For 

example the deployment of large scale smart grid monitoring solutions, homeland security 

monitoring systems, and synchronized traffic and dynamic ride sharing. In Intelligent Traffic 

Systems, precision timing enables services for automatic dynamic speed control of vehicles 

(trains, trucks, passenger cars) and real time routing for optimum efficiency that accounts for 
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traffic lights, traffic congestion, hills, wind etc. to reduce congestion and provide the lowest 

possible fuel consumption.  

 

As a final note, to give an indication of future market potential, a comparison to the PXIbus 

architecture is relevant. Launched in 1997, it provides wired state-of-the-art synchronization for 

instrumentation systems and according to Frost and Sullivan is currently a $500 million market, 

expected to grow to $1 billion by 2017. However, there are already clear indications that nano 

synchronized technologies will have a much broader range of applications than instrumentation 

which is the focus of PXI.  
 


