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Development of a 16bit 8-channel functional near-infrared
spectroscopy based neuroimaging system

Seungchan Lee, Anil Kumar, and Heung-No Lee*, Senior Member, IEEE

In this abstract, we aim to introduce our functional
near-infrared spectroscopy (fNIRS) based neuroimaging system
consisting of a system board, photodiode units and
dual-wavelength near-infrared (NIR) LED units. In a design of
the proposed system, an analog frontend (AFE) integrated
circuit (IC) and isolated low-noise power supply circuit enable
us to implement the portable and high-resolution fNIRS system.
From the system evaluation with mental arithmetic experiment,
a clear decrease trend of deoxy-hemoglobin has been found
during the mathematical calculation task.

I. INTRODUCTION

Initially, the brain-computer interface (BCI)[1] has been
studied to assist people with severe disabilities such as people
having difficulty in controlling their peripheral nerves systems
due to neurological and neuromuscular disorders. Recently,
this technology is being employed to real-world applications
due to its potential as a non-muscular communication channel.
In order to facilitate the development of real BCI applications,
a portable, cost-effective and non-invasive neuroimaging
technique is essentially required. A functional near-infrared
spectroscopy (fNIRS) is one of the best neuroimaging
techniques that meet these requirements. This technique
enables to access metabolic and microcirculatory neuronal
activity of the cerebral cortex region by measuring the
changes in the local concentration of both oxygenated and
deoxygenated hemoglobin that utilizing near-infrared optical
radiation.

In this abstract, a new concept of fNIRS based
neuroimaging system is introduced as a portable,
cost-effective and non-invasive neuroimaging technique.
Several evaluation results with mental arithmetic experiments
shows the significance of proposed fNIRS.

Il. MATERIALS AND SYSTEM DESIGN

The proposed fNIRS neuroimaging system consists of a
system board and a probe set including photodiode units and
dual-wavelength near-infrared (NIR) LED units.

The system board was designed to integrate a 32bit
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Figure 1. A proposed system board, a photodiode unit and a
dual-wavelength near-infrared (NIR) LED unit for fNIRS measurements

low-power microcontroller (STM32L4, STMicroelectronics,
USA), an AFE IC (ADS8688A, Texas Instruments, USA) [2],
a LED driving circuit for 8-channel fNIRS measurements. The
AFE IC was integrated with a 16-bit successive approximation
register analog-to-digital converter, 8-channel input
multiplexer, programmable gain amplifiers, and second-order
low pass filters. By using a high-resolution AFE IC, a
complicated signal conditioning circuit was eliminated, that
significantly simplify the overall system design. To provide
stable DC power to the AFE IC, a fully isolated and low-noise
power supply circuit was carefully designed.

The photodiode units were based on Texas Instruments
OPT101 monolithic photodiodes. The chip-type dual
wavelength (730 and 850 nm) AlGaAs LEDs (Opto ENG
OE-MV7385-P) were employed for NIR optical emission.
These photodiodes and NIR LEDs are soldered onto each
customized PCBs along with decoupling capacitors, and
housed in a 3D-printed casing.

I1l. SYSTEM EVALUATION AND SUMMARY

A mental arithmetic experiment has designed to examine
hemodynamic  difference  between the  non-trivial
mathematical tasking and the non-tasking state. This
difference appears as a hemodynamic concentration change of
the oxy- and deoxy-hemoglobin, measured by the fNIRS
system. From the mental arithmetic experiment results with
two subjects, the clear decrease trend of oxy-hemoglobin has
found during the mathematical calculation task.
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