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Global positioning and navigation using satellites has been a crucial part of modern infrastructure since the 

development of GPS in the 1970s, providing a positioning uncertainty less than 5 meters. However, such signals 

cannot be accessed underground or underwater and may be jammed or spoofed with relative ease. There 

remains, therefore, an important and practical need for precision navigation that does not rely on communication 

with an external source.  

Inertial navigation by dead-reckoning uses a known initial position along with precise and continuous 

measurements of acceleration in order to calculate the position of the inertial sensor on a map. Free from the 

need to rely on an external signal, the state-of-the-art micro-electrical-mechanical systems (MEMS) are used 

across a range of commercial and defence applications. As MEMS devices are limited by their intrinsic bias 

drift, the next paradigm of GPS-free navigation will require a means to surpass this factor.  

  Quantum-sensors look to overcome such classical limitations, and here we present progress towards the 

realisation and commercialisation of a hybrid quantum-classical inertial navigation system. Herein, quantum 

measurements may be used to overcome the bias drift by fusing the outputs of multiple quantum and classical 

sensors [1-2].  

Our device is based on a grating magneto-optical trap (gMOT) atom interferometer, which aims to ruggedise 

the overall vacuum system while maintaining a compact footprint [3, 4]. Laser systems to provide the laser 

cooling and Raman beams for the measurement have been developed towards this specific application, and the 

approached taken will be outlined.  

Figure 1. a) gMOT vacuum package. b) Side-profile view of the gMOT under operation. The MOT, 

comprising a few million rubidium atoms forms at the top of the vacuum cube, where the grating is located. 

In the first instance, we have worked towards achieving a hybrid acceleration measurement in a single  

axis. Progress towards this goal, as well as benchmarking test results and calibrations will be presented. We will 

illustrate the capabilities of our present system and show a pathway towards extending capabilities to measure 

rotation and eventually to full 6-axis operation.   
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