
1. MULTISPECTRAL
    IMAGING

FOR NON-CONTACT COGNITIVE LOAD ESTIMATION



OUR GOAL
Develop a system that can measure brain function 

without being in direct contact with the user



CONTRIBUTION

• A quantifiable metric for cognitive load

• The current standard is the NASA Task Load 
Index survey

• Brain imaging in an active or fast-paced 
environment such as crew training 

• Extends to many other applications such as in-
surgery tumor detection or burn victim 
diagnosis

3



EXISTING TECHNOLOGY

1. Bulky 

2. Not versatile for different head sizes 

3. Requires physical contact 

4. High price
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An EEG headset

An fNIRS headset



THE EXISTING WORK



REWRITING THE PIPELINE

• Rewrote the codebase to be in Python instead 
of MATLAB

• Optimizations

• Parallelization

• Memoising

• Batch processing

• Resulted in a speedup of ~104

• Implemented image processing techniques to 
incorporate differences in wavelength intensity
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MY CUSTOM MODEL

PyTorch doesn’t have an implementation, so I wrote my own

And a custom data processing pipeline
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ResNet-50: 50 layer, 25 million parameter model 



DATA COLLECTION METHODOLOGY
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• Independent Variable:

• The relative task difficulty (n-back length)

• Dependent Variable:

• The blood flow in the prefrontal cortex

• Control:

• Sequence randomization

• Focal position



DATA COLLECTION SETUP

9

Collected data from ~40 interns 

while under low, medium, and high 

cognitive load



EVALUATION
It worked! Or did it?
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MODEL FAULT
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ISSUE WITH THE APPROACH

1. Diffusive properties of the head

2. Depth of brain tissue

3. Light intensity vs. signal-to-noise

12



CALCULATING FEASIBILITY

The energy generated from one pulse

The number of electrons generated from a pulse

The amount of energy needed to generate 1 electron
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MY NEW APPROACH



DIFFUSE OPTICAL TOMOGRAPHY
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GATED SINGLE PHOTON DETECTION

• Deep tissue reflects low amounts of light

• Single photon detectors are extremely 
sensitive

• Gating removes surface reflections
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CHALLENGES

Has been successfully demonstrated 
in the research domain:

Limiting factors

1. Price

2. Photon Detection Efficiency
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1. PRICE
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2. PHOTON DETECTION EFFICIENCY
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FUTURE 
DIRECTIONS

• Create a custom gated single-
photon detector

• Cost: ~$200

• Would need to develop 
mostly from scratch
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FUTURE 
DIRECTIONS

• Leverage IITs (Image Intensifier 
Tubes) from night vision 
technology

• Cost: $3,000 - $5,000

• May have issues gating
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