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Wearables for Healthcare Group (Prof. Can Dincer)

DESIGNING A WEARABLE METABOLIC SENSOR

Industrial design of a face-worn device that measures breathing in real time — from lab
prototype to something people want to wear

Summary

What would it take to turn a piece of working laboratory equipment into a device someone would willingly strap to
their face during a workout? In our group (Sensors and Wearables for Healthcare, Prof. Can Dincer), we have
developed a face-mask sensor that measures respiratory gases — oxygen uptake (VO,), carbon dioxide output
(VCO,), and breath lactate — continuously and in real time during physical exertion. The sensing works. What
does not yet work is the object itself: it looks and feels like a prototype, and its interface to the face is unresolved.

For this Master thesis, you will own the industrial design of the device. You will begin with a short review of the
wearable and respiratory-mask landscape (CPAP masks, sports metabolic systems, respirators) and of the
ergonomic and anthropometric principles behind face-worn products. You will then develop and physically
prototype housing and mask concepts — iterating in FDM, and resin printing in our lab — around two central
constraints: the device must maintain an airtight seal across a range of different face shapes (a leak invalidates
the measurement, so this is a hard requirement rather than a comfort preference), and it must be comfortable
and unobtrusive enough to wear during exercise. A key freedom sets this project apart from typical housing work:
the electronics are not fixed. Beyond a few mechanical boundary conditions imposed by the measurement, we
can adapt the hardware layout to your design rather than the reverse — so the form can genuinely drive the
architecture.

Figure 1 - indicative model of the wearable sensor
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Finally, you will test your concepts on real subjects through our collaboration with the Chair of Exercise, Nutrition
and Health, evaluating fit, seal integrity, and comfort, and consolidate the results into a manufacturable design
direction. As a result, you will develop not only a resolved, testable product but a piece of real medical hardware
with a path to use. If the outcome of your thesis allows, we will jointly publish the results in an academic design
journal or conference proceedings.

Keywords: Wearable Devices, Industrial Design, Medical Hardware, Ergonomics, Anthropometrics, Respiratory
Sensing, Face-worn Devices, Human-centered Hardware, Prototyping

Prerequisites

You bring: a strong design portfolio; solid CAD and hands-on prototyping skills; an interest in ergonomics,
wearables, and human-centered hardware; ideally a background in Industrial/Product Design, Human Factors
Engineering, or a related field.

Provided Resources

We offer: an unusually open design brief on a real device; in-house prototyping (FDM, resin) and materials; testing
on real subjects via our physiology collaboration; and close supervision across multiple chairs.

How to Apply

If you are interested in conducting this thesis at our chair, please send an email to thesis.ipd@ed.tum.de with
reference line “Master Thesis: Designing a Wearable Metabolic Sensor”. Please state in your email your
preferred starting date, your motivation for the topic, and attach your resume and a folio or relevant work
samples. Based on the provided materials we will invite you for a first meeting to discuss further.
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