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Abstract 
Functional near infrared spectroscopy (fNIRS) uses electromagnetic radiation in the 

infrared and near infrared spectrum to image the blood flow and metabolic activity of the brain in 
real-time. Multiple light sources and detectors are placed on the scalp around the region of 
interest to continuously take measurements of the light attenuation of the back-scattered light. 
Using the modified Beer-Lambert Law, which relates the light attenuation to the relative 
concentration of certain molecules, we can track the relative concentration changes of 
oxygenated and deoxygenated hemoglobin which corresponds directly to an increase in 
metabolic activity in a region of the brain. Coupling the detected brain activity with their spatial 
origin and mental task, we can gain a better understanding of the compartmentalized functions 
of the brain. For example, the frontal cortex is a core area of the brain associated with mental 
arithmetic tasks (Arsalidou 2018). Thus, fNIRS should indicate activity in that region while test 
subjects are carrying out mental math problems, with the signal-to-noise ratio increasing with 
penetrative depth of the light. The level of penetration, measured by the amount of light actually 
interacting with brain tissue, is known to have a direct relationship with the source-detector 
distance, and, thus, finding the optimal optode layout in which the maximum amount of light 
reaches the neural tissue is of increasing importance. Using Monte Carlo simulations, we 
studied various layouts and compared them with that of an open-source design to evaluate their 
efficacy in assessing frontal cortex activities.  

Background 

Why Near Infrared (NIR)? 
Functional near infrared spectroscopy (fNIRS) is a promising non-invasive imaging 

technique for many applications, including potatoes, but we are primarily concerned with it use 
for sensing the contents of the human brain (López 2013). An fNIRS machine allows 
non-invasive, low cost, compact, hazard free, and continuous imaging of brain activity using 
electromagnetic radiation within the wavelength range of 700 - 900 nm. This near infrared light 
is able to penetrate living matter better than other forms of EM radiation while posing no threat 
to the tissue, unlike x-rays. This can serve as a replacement/complement to traditional, more 
costly and bulky methods of imaging such as fMRI, PET, or EEG. Because of its high 
time-resolution and cheap construction, fNIRS is a major component of many contemporary 
brain-computer interface (BCI) systems, in addition to having crucial applications in medical 



imaging and neuroscience research (Lühmann 2015). The signal which fNIRS is able to 
measure in the brain, corresponding to the distribution of cerebral blood oxygenation, is 
analogous to the signal measured by fMRI, but does not require such a rigid and expensive 
system to measure (Ferrari 2012). This means that fNIRS technology has the potential to 
increase the accessibility of neuroscientific research and support more widespread clinical use 
of functional neuroimaging for diagnostic purposes, in addition to allowing the development of a 
new generation of brain-computer interfaces. 

Theory on NIRS/ Modified Beer-Lambert Law 
Functional near-infrared spectroscopy is using the near-infrared region of the 

electromagnetic (EM) spectrum (780 - 2500 nm) to measure the functional aspects of the brain 
(i.e. observe the relationship between activity in certain regions of the brain and specific mental 
functions). Specifically, fNIRS systems measure the hemodynamic response in the brain. 
Hemodynamic response is the increased blood flow to active neuronal tissues, which serves to 
meet the increased metabolic demands for oxygen and nutrients delivered by oxygenated 
hemoglobin (Hb). Once the oxygen and nutrients are exchanged with metabolic waste, like 
carbon dioxide, at the blood-brain barrier, the deoxygenated hemoglobin (deoxy-Hb) makes its 
way out of the tissue. fNIRS takes advantage of the near-infrared (NIR) window, which is the 
region of the EM spectrum (700 - 900 nm) that penetrates the skin, tissue, and bone most 
deeply.  

Hb and deoxy-Hb, on the other hand, have stronger absorptivity. Since all other 
materials are mostly optically invisible to NIR light, the measurements of light attenuation (due to 
scattering and absorption) are only affected by the relative concentrations of Hb and deoxy-Hb. 
Hb and deoxy-Hb have different absorption spectra, which means that over the range of the NIR 
light, the two chromophores will absorb the light differently at the same wavelengths. Thus, the 
relative changes in the concentrations of Hb and deoxy-Hb can be measured by using the light 
attenuation at multiple wavelengths. In our design, we will use two wavelengths (750 nm / 850 
nm), one above and one below the isosbestic point (810 nm). This point is the wavelength at 
which the absorption coefficients for both Hb and deoxy-Hb are equal. The emitters and 
detector will be positioned ipsilaterally on the outside of the skull, so that the backscattered 
(reflected) light is detected.  

We use principles of neurovascular coupling (i.e. hemodynamic response) in functional 
imaging: neuronal activity is related to change in concentration of Hb. We will be implementing a 
method of fNIRS called continuous wave (CW) fNIRS. We will need a light source with constant 
amplitude and frequency, so that all the measured attenuation is due to hemodynamic 
response. The measured change in light intensity can then be related to the changes in relative 
concentration of Hb through the modified Beer-Lambert Law (mBLL).  
 

OD = log(IO/ I) = * [X] * L * DPF + Gε   
 
Where OD = attenuation (optical density), IO = emitted light intensity, I = measured light 

intensity, = attenuation coefficient, [X] = chromophore concentration, L = path length (distanceε  



between emitter and detector), DPF = differential path length factor, and G = geometric factor 
(related to scattering).  

When  are known, constant scattering (i.e. G = constant) can be assumed, whichε  
means OD can be differentiated with respect to time to reduce the mBLL to 
 

[X] = OD / d , where d = total corrected photon length.Δ Δ ε   
 

In our dual wavelength system, the measurements for change in relative concentrations 
of Hb and deoxy-Hb with respect to time can be solved by this matrix.  

 
OD   = d  d    *   [X]HbΔ 1λ ελ1

Hb ελ1
HbO2 Δ  

OD    = d  d    *   [X]HbO2Δ 2λ ελ2
Hb ελ2

HbO2 Δ  

Device Design Overview 

OpenNIRS device 

In our pursuit of optimizing the optode layout, we employed open-source fNIRS design 
from the OpenNIRS organization and Monte Carlo simulations. The original optode layout of the 
OpenNIRS design, intended for measuring frontal cortex activity, was emulated in simulations to 
determine the general efficacy of the current state of technology. This layout employed one 
detector and four equidistant light sources placed on the forehead, which is optimal due to its 
relative hairlessness, flatness, and proximity to the frontal cortex. We compare these results 
with those of different optode layouts that is only simulated, and attempt to verify some optode 
layouts by assembling our own device (modified from OpenNIRS design).  

OpenNIRS is an open-source fNIRS design meant to encourage widespread research 
and use of fNIRS machines (Lühmann 2015). Although the components themselves are fairly 
inexpensive, due to the very recent development of the technology, there are only a handful of 
manufacturers which sell commercial fNIRS devices, and these devices typically cost some 
quantity of tens of thousands of dollars. By working on and contributing to the open-source 
fNIRS design we are able to support the wider spread of this technology. 

The OpenNIRS design is specifically designed as a wearable, low-cost device. While 
much of the recent research on fNIRS focuses on larger, more expensive devices with hundreds 
of channels, we chose this 4-channel model as a platform for our research for both practical 
reasons and to demonstrate the portability and affordability that are distinct benefits of fNIRs 
over other neuroimaging methods (Ferrari 2012).  



 
Figure 1: OpenNIRS device 

 
This design uses two wavelengths of light, 750 nm and 850 nm, with 4 different LED light 

sources and a single detector, adding up to a total of four channels. The design is modular, 
however, allowing the possibility of using multiple four channel modules. The design consists of 
both a mainboard and sensing module. Also printed on the mainboard, with the intention of 
being separated, is a small Bluetooth communication board. 

The mainboard can be connected to up to 4 modules. Its main role is to route power to 
each module, control their function at a high level, and transmit the data they collect. This 
integrated chips (ICs) on this board are a analog to digital converter and a microprocessor. The 
Bluetooth communication board connects to the mainboard and simply contains a Bluetooth IC 
and a pair of additional components to convert the power and digital inputs supplied from the 
mainboard from 5V to 3.3V. 

The sensing modules are somewhat more complex, containing a photodiode, four 
dual-wavelength LEDs, and all of the hardware necessary to use them to collect four channels 
worth of NIRS data. In order to record a signal from all for LEDs with a single photodiode, we 
must perform time domain multiplexing. To accomplish this, we require a microprocesser to 
control the process, a series of switches, and a demultiplexer. The recorded signal from the 
photodiode is both extremely noisy and very relative. The module implements analog lock-in 
demodulation and adds a programmable gain amplifier in order to address this.  

Source-Detector distance 

An important parameter in building an fNIRS device is the distance between the light 
source and the light detector. This distance affects the signal primarily in two ways. First, the 
farther apart the source and detector are, the less light will actually reach the detector. Second, 
the closer the source and detector are, the less of the mean path length of the light will be in the 
actual brain tissue, the white and gray matter, as opposed to the scalp, skull, or cerebrospinal 
fluid. Previous studies have revealed that, beyond a distance of roughly 50mm, the percentage 
of the mean path length in the brain remains relatively constant, so a distance of 30-45mm is 
typically used (Strangman 2013). A commonly used rule of thumb is that the effective 
penetrative depth of the sensor is about half of the source-detector distance (Lühmann 2015). 
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Optode layout 

It is intuitive that not only is the distance between the source and detector layout 
important, but that the way in which the sources and detectors are distributed over the surface 
of the head would also be important. Interestingly, this intuition seems to be misleading. 
Research on optode layout has revealed that the primary characteristic determining 
performance is simply the density of the optodes (Strangman 2013). However, these studies 
primarily use regularly spaced optodes, which is complicated by subsequent research indicating 
that using a variety of source-detector distances actually results in a less noisy signal after 
processing. The layout of the optodes seems to be particularly important for few-channel 
devices, as the amount of tissue the device is able to sense across is determined by the layout, 
and the penalty for an inefficient optode design is clearly much greater when we only have four 
optodes. It is for this reason that we have focused this project on high-performance optode 
layouts for few channel devices. Recent papers (Saager 2011)  suggest different optode 
designs, including placing a detector very close to the source intentionally to cancel out this 
superficial signal.  

Methods 

Simulation 

MCML 

Monte Carlo Multi Layer (MCML) is a software package for Monte Carlo photon 
migration simulation in multi-layered media, implemented in C. This software allows us to 
simulate the results of applying fNIRS to a 2D “layered slab” model of the human head. The 
output of this software is an absorption distribution. From this, we can use the absorption 
coefficients to compute the photofluence distribution, a probabilistic approximation of the flow of 
light through the media. The product of the photofluence distributions found from the source and 
detector locations is the spatial sensitivity distributions, which allows us to find the relationship 
between source-detector distance and the sensitivity of the brain tissue. 



MCX 

 
Figure 3: Slices from Colin27 brain model 

Monte Carlo Extreme (MCX) is a software package for GPU-accelerated Monte Carlo 
photon migration in voxel-based media. This software allows us to simulate the the results of 
applying fNIRS over a 3D model and outputs not only the absorption distribution, but the partial 
path length of each photon that reaches a detector in each different medium. This allows us to 
calculate directly the amount of incident light on the detectors and the portion of the mean path 
length which is in the brain (Fang 2009). For these MCX simulations, we’ve used Colin27 as our 
input volume, a widely referenced sample model of the human head (Holmes 1998). Our model 
of Colin27 uses 6 different tissue types, two of which correspond to the brain itself. By altering 
the detector locations on Colin27 in MCX, we are able to study the simulated effects of 
particular 3D optode layouts. This approach has two major inconsistencies with the actual 
device we are building. First, the simulation software is not configured for time domain 
multiplexing, which prevents us from actually simulating four sources and a single detector. 
Instead we must simulate each source-detector pair separately, or approximate this layout as 
four detectors and a single source. We compared these approaches to ascertain the validity of 
replacing sources with detectors in simulation.  Second, the signal we are primarily concerned 
with detecting emerges from changes in time in blood oxygenation in the brain, but the model 
we are using for our simulation is static. As such, we can only judge the extent to which a layout 
allows light to interrogate the brain tissue, not the extent to which a layout actually allows us to 
recover this signal.  
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Figure 4: OpenNIRS specified layout (left) and alternate layout of our own design (right) 

 
OpenNIRS documentation gives an example layout, based on the 10-10 system, to use for 
monitoring frontal cortex activation during a mental math task. It is widely documented that the 
frontal cortex is a core compartment of the brain that is responsible for carrying out much of the 
mental arithmetic tasks (Arsalidou 2018). This means that when the small-scale fNIRS device is 
placed on the forehead (most proximal to frontal cortex) of a subject during a mental math task, 
there should be detectable activity in that specific region of the brain. This layout places the 
detector at AFz and sources at Fp1, Fp2, and corresponding locations above. We simulated this 
optode layout and several variations of this equidistant design. In addition, we also developed 
our own design, featuring a close source/detector. This design is based on recent work, which 
intentionally measured this superficial hemodynamic signal in the skin and skull (Saager 2011) 
(Luu 2009). While neither of these studies use a close time domain multiplexed source (both 
use close detectors) we believe this will still prove effective given that the multiplexing is rapid 
enough that subsequent superficial measurements can be averaged across intervening deep 
measurement intervals. These papers note that there is no dominant method currently for 
actually subtracting out the superficial signal, but they discuss several candidate methods. Luu 
refers to fitting a linear combination of shallow channels to a deep channel and using an 
adaptive filter with shallow channel, while Saager scaled the shallow signal to fit the deep signal 
before subtracting. Any of these methods could be altered slightly to address slight time delays 
in recording. 

Assembly 

Printing / Soldering 

The electronic components of the printed circuit board (PCB) and PCB layout were 
ordered and printed, respectively, in accordance with the documentation provided by OpenNIRS 
in the form of EAGLE board and schematic files for both the module and mainboard. Most 
components are surface mounted using solder paste and a reflow oven, heat gun, and soldering 
iron. We used the Kester R276 unleaded no-clean solder paste with soak temperature- duration 
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of 150oC-90 seconds and peak temperature- duration of 235oC-60 seconds when using a reflow 
oven. As for the heat gun, we operated at around 370oC, and the soldering iron at 750oC. The 
module is dual-sided which only allowed for one side to be reflowed in an oven. Components 
not soldered by the oven were assembled via heat gun and soldering iron. Larger, mainly plastic 
components risked deformation and burning with heat gun, so solder wire and solder iron were 
used instead.  

 
 
 

Figure 5: Our fully-assembled module and mainboard with design modifications 



Modifications to design 

In the original OpenNIRS design, the mainboard communicated with a bluetooth module 
for data acquisition in a move towards increased portability and wearability. We wanted to follow 
this trend in emerging state-of-the-art fNIRS devices, but we had trouble sourcing the originally 
required bluetooth chips due to the manufacturing company having ceased its production. 
Instead, we replaced the bluetooth module with a prebuilt Adafruit Bluefruit LE board in order to 
acquire and save data from the device. The new module offers a user-friendly phone app that 
can communicate with the bluetooth module and transfer the data. In order to replace the 
bluetooth module, we soldered female pin connector wires onto the pads of the board 
corresponding to relevant data output, which would then be connected to the Bluefruit LE via 
on-board pin connectors. Also, the batteries supplying power to the mainboard were originally 
described to be housed in a 3D printed casing meant to be worn, in accordance with the trend of 
increasing portability and wearability in latest fNIRS devices. Due to time and resource 
restrictions, we have opted to not manufacture the 3D printed parts, and instead soldered two 
sets of 9V battery connector pads directly onto the board via wires. 

 
As for the module PCB, we made a few changes with the source LEDs. The original 

LEDs used and listed as part of the OpenNIRS device is no longer available since the company 
that manufactured them ceased its production. We have opted to use dual wavelength source 
LEDs from a different company with 850nm / 950nm wavelengths. In the original OpenNIRS 
desgin, the source LEDs and detector are housed in a 3D printed casing that permanently sets 
the source-detector lengths. In order to test the validity of our proposed optode layout 
determined from Monte Carlo simulations, we need to be able to test various iterations of the 
layout. To make this feasible, instead of fastening the LEDs permanently in a casing, we solder 
the LEDs onto makeshift pads made out of 2x2 male pin headers, which are then connected to 
the module via wires. This assembly allows for the frequent and quick repositioning of the 
optode layout required for experimental data. 

Results 

Simulation 
Table 1, below shows side by side the result of simulating a single source with 4 

simultaneously activated detectors each 32.5 mm away, the result simulating each 
source-detector pair individually with their locations swapped, and the result of simulating each 
source-detector pair individually, still using a single source in the center. The differences 
between simulating four detectors simultaneously and individually are negligible, so it is clear 
that the fact that we must simulate source-detector pairs individually in order to simulate a 
layout with four sources should not impact the results significantly. Therefore, the difference 
shown below between the arrangement with 4 detectors and 1 source and 4 sources and 1 
detector can only be attributed to the difference in function between sources and detectors. This 



difference, however, remains minor, with less than 50 additional photons received and less than 
1% less of the MPPL spent in the brain. The scale of this error suggests that our simulations 
utilizing 4 detectors should be able to reasonably approximate the function of our device with 4 
sources. Note also, that in all trials, the ranking of source/detector locations for the number of 
photons received of the percent of MPPL in brain remains the same. 
 

4 
detectors
, 1 
source 

Number 
of 
photons 
detected 

Percent 
of 
MPPL 
in brain 

Indiv 
sims 
with 4 
sources 

Number 
of 
photons 
detected 

Percent 
of 
MPPL 
in brain 

Indiv 
sims 
with 4 
dets 

Number 
of 
photons 
detected 

Percent 
of 
MPPL 
in brain 

Det 1 332 15.53% Src 1 400 15.17% Det 1 332 15.53% 

Det 2 190 14.01% Src 2 195 11.3% Det 2 190 14.01% 

Det 3 139 15.95% Src 3 188 15.76% Det 3 138 15.53% 

Det 4 288 14.67% Src 4 354 14.61% Det 4 288 14.67% 

Mean 237.25 15.03%  284.25 14.21%  237 14.94% 

Table 1: Effects of replacing sources with detectors 
 
Standard Layout 

 
Figure 6: Fluence Distribution returned for Colin27 Simulation 
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Figure 7: Portion of MPPL in brain, by source-detector distance, per detector 

 
Figure 8: Total number of photons received at each detector, by source-detector distance 

 
As shown in figures 5 and 6, we have confirmed prior reports that increasing the 
source-detector distance resulted in a greater portion portion of the light’s path being through 
the brain, but allowed less light to actually reach the detectors. Barring a few anomalies, like the 
lower right detector only sensing 29 photons at a distance of 25mm, each of the detectors 
display this behavior. Some detectors, like the one in the upper left, are revealed to perform 
slightly worse by this process, consistently achieving a lower number of photons detected and a 
lower percentage of the paths of those photons being in the brain. 
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Figure 9: Total photons detected by source-detector distance 

 
Figure 10: Portion of photon bath through brain by source-detector distance. 

 
The composite results from the above sources make these trends more explicit, showing 
monotonic increase or decrease. While the individual detector results do indicate these same 
trends, they are somewhat noisy, likely as a result of the stochastic nature of Monte Carlo 
simulations. The averaging that produced the above graphs was able to smooth this noise. 
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Figure 11: Portion of photon path in brain by source-detector distance and rotation 

 
Figure 12: Total photons detected by source-detector distance and rotation 

 
The above rotation simulations confirm the dependence of few-channel fNIRS systems on 
specific optode layout by demonstrating the changes in light collected caused by simply rotating 
the layout. The data for the percent of the photon path which is through the brain reflects no 
consistent pattern of variation based on rotation. The larger source-detector distance 
simulations seem to produce more variation based on rotation, but there is not a consistent 
pattern, suggesting that it is unlikely that these variations are determined by the geometry of the 
head. However, when considering the number of photons detected, all but one source-detector 
distance demonstrated sharp decreases in the number of photons received passed 20 degrees, 
indicating that this position, with one detector over the brow bone, is suboptimal. 
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Alternate Layout 

 

 
Figure 13: Photons detected, alternate vs base layout 

 
Figure 14: Portion of photon path in brain, alternate vs base layout 

 
The alternate layout produced, when averaged across all detectors, a dramatically 

higher number of photons received and a dramatically lower percentage of the photon’s path 
which traveled through the brain. This is as expected, as a detector very close to the the source 
should receive many more photons than the other detectors, but it is unlikely many of these will 
have passed through the brain at all. However, excluding the photons received by the close 
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detector, we see that sacrificing a detector has actually resulted in a very minor loss in photons 
received in the 30-40mm range, and almost no difference in the percent of those photons path 
which traveled through the brain. 

 

Assembly 
The programmer was able to upload the software onto the mainboard, but was not able 

to communicate with the module board. Once the programmer was plugged into the module and 
turned on, the module would cut the power to the programmer, making it impossible to upload 
the program onto the board. We tried troubleshooting this through checking that all connections 
were secure, there were no short circuits, and even resoldered replacements for components 
suspected on malfunctioning. In conclusion, we were unable to verify the efficacy of our 
proposed optode layouts with experimental data.  

Discussion 
Our Colin27 simulation results confirm previous work indicating that a fairly small 

percentage of the Mean Partial Path Length is actually in the brain. Our hypothesis that this is 
dependent on the specific arrangement of optodes on the specific portion of the head has been 
supported by our results in simulation, primarily those concerning the angle of rotation and the 
the alternative layout. However, we were not able to verify this hypothesis through experiments 
using a physical device. 

Though we were able to examine different layouts analytically using our simulations, we 
were unable to support our proposed layouts with verifiable experimental data. This is largely 
due to the high complexity of the device and time and resource constraints that accompanied 
this project. In the future, it would be worthwhile to first focus solely on the successful assembly 
of an fNIRS device, and then to move onto optimization through simulations. To increase the 
likelihood of a successful assembly, the process should begin as soon as possible, with all 
components already ordered and organized into appropriate groups. One needs to check all 
connections to ensure proper contact and no shorts have formed. Since moving/ soldering the 
same components too often can lead to defects on the board (i.e. one of the pads contacting the 
component falls off, component deforms due to being heated over and over again, etc.), one 
should also have substantial experience in assembling surface mount circuit boards, and just 
working with electronics in general. 

The minor difference present between the 4 source/single detector 4 detector/single 
source simulations justify the use of simultaneous 4 detector simulations to approximate the 
OpenNIRS device. The fact that the location-based ranking for either percent of MPPL in the 
brain or photons detected remained the same whether sources or detectors were placed at 
those locations indicates that substituting detectors for sources in our location-based simulation 
should not alter our results.  

The source-detector distance results based on the OpenNIRS layout confirm the 
previously reported relationship between distance, light received, and portion of photon bath in 



brain tissue, confirming the efficacy of our simulation in the process. The rotation based results 
suggest that the specific geometry of the head may play a significant role in determining the 
amount of light actually received by detectors. By preserving the source detector distances, but 
moving the detectors, we demonstrate that minor alterations in layout are capable of having the 
amount of light received at detectors, across several source-detector distances. The lack of 
similar attenuation in the percentage of photon path through brain tissue suggests that the 
primary way in which the geometry of the head affects the performance of simulation (at least 
within the forehead) is not variations in skull and scalp thickness allowing less access to brain 
tissue at certain locations. Instead, it seems that some components of the head, perhaps air 
pockets, cerebrospinal fluid, or particular bone formations, are actually inhibiting the ability of 
the light to reach certain exits positions on the head.  

The results of our alternate layout suggest that this design could actually be enormously 
beneficial. The minimal loss of photons which actually traveled through the brain in exchange for 
thousands of photons carrying the superficial signal suggests that dedicating a channel to 
recording the superficial signal may actually result in a net information gain. While validating this 
layout will ultimately require experiments on a physical device, this evidence that 3 deep 
channels alone can provide comparable coverage of the prefrontal cortex to the original 4 
channels is encouraging, and suggests that few-channel devices may have more flexibility than 
previously acknowledged. 

Future Work 
In future iterations or variations of this study, it would be prudent to allot more time and 

resources into the hardware assembly, as having a functioning device is critical in analyzing the 
optode layouts using experimental data. The simulations alone only tells us of the potential 
amount of valuable signal we could receive from a certain layout; experimental data acquired 
from a completed fNIRS device is desired to verify the efficacy of these layouts. 

While the results of our alternate layout were encouraging, this layout by no means 
represents the optimum for a 4-channel device. Finding the optimum layout is not a particularly 
straightforward task as, it is extremely dependent on the specific application. The methods 
described above to subtract the superficial signal from deep channels represent a fairly simple 
way of applying computational techniques to allow these devices to surpass the limits of their 
sensors, and distinctly more sophisticated computational techniques are possible. By taking into 
account both the relative position of optodes, as in our alternate layout, and the location on the 
head, even more specialized designs can be generated. Known noise sources like the heartbeat 
can be tracked and used to align recordings, specialized optodes can be designed with 
specifically designed wavelengths, or broadband NIR, to better sense the shallow or deep 
signals.  

Conclusion 
fNIRS is a promising technology with the potential to lower the costs and dangers of 

diagnostic imaging and neuroscientific research. However, these devices, while low cost, are 



somewhat intricate and susceptible to significant malfunction, as demonstrated here. While the 
ease of construction may remain an issues, our simulations show that with proper placement, 
low cost fNIRS devices can provide a useful form of functional brain spectroscopy. 

Our intention was to build off of prior work investigating the effects of varying the 
distances between source and detector. While many newer fNIRS devices utilize hundreds of 
channels, with optodes packed together in a dense grid, few channel devices continue to be 
cheaper, more widely accessible, and a powerful diagnostic tool in their own right. Through our 
rotation simulation we demonstrated how the performance of these few-channel devices can be 
impacted not only by source-detector distance but by the relationship between the optode layout 
and the geometry of the head, even prior to concerns arising from localized brain activation. 
Through our alternate layout simulations, we made a case for the development of more creative 
configurations of optodes, by showing that dedicating a detector or source to producing a 
superficial channel may not represent a significant reduction in the amount of deep signal 
collected.  
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