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DESCRIPTION:
Goal: To develop a method of superimposing multi-frequency measurements into a distribution of
time of flight of photons, following the conclusion drawn in [1] where existence of the multifrequency domain (MFD) method is recognized. Finally, to test if the distributions of time of flight
of photons (DTOF) as measured in the MFD can be applied to in-vivo measurements on humans.
The MFD method introduces principles of a new measurement technique where a MFD instrument becomes an equivalent of a time-resolved (TR) time-correlated single photon counting setup. The MFD will open a path to new research where the affordable TR instruments can be expanded to a high-density time-resolved diffuse optical tomography. Furthermore, MFD will be
applicable in biomedical optics clinical applications [2] where absorption and scatter parameters
or improved depth discrimination are beneficial or required. This includes non-invasive optical
biopsy, optical mammography, functional brain imaging, monitoring therapy and rehabilitation of
stroke patients, monitoring of brain condition of traumatic brain injury patients or intraoperative
brain oxygenation monitoring [3].
The idea of the MFD can be compared to a mechanism of delivering a broadband Internet. Carrier
waves at many frequencies (VHF-UHF radio frequency range) will be superimposed together to
power a laser diode. Frequencies will mix in the heterodyne manner creating beating frequencies
detectable at acoustic frequency range (single kHz).
Work description: This work regards basic research on development of the MFD method and
proof-of-concept prototype. This will require a multi-disciplinary effort including theory, software
and hardware research finalized with in-vivo tests on healthy human volunteers.
You can expect to learn biomedical optics and biomedical engineering basics; develop and construct new optoelectronic hardware, methods, algorithms, software, etc.; carry out measurements
in-vivo on humans; write peer-reviewed research publications; write PhD thesis based on the research.
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