
  

  

Abstract— Early cancer detection remains an important 

problem in healthcare today.  Since the mid-1990s, Optical 

Coherence Tomography (OCT) has been explored as a cancer 

detection instrument. Previous studies have shown connections 

between tissue porosity, cell behavior, cell topology, and their 

relation to cancer and disease progression. Previous researchers 

have found that in a healthy cell, the pore size of the surrounding 

extracellular matrix (ECM) is homogenous. However, in a 

cancerous cell, heterogeneous pores appear. Additionally, as 

cancer progresses, pore size decreases. Herein, we propose a new 

method of improving cancer detection using OCT.  In a study 

utilizing an artificial ECM, a connection between pore size and 

gold nanorod (GNR) diffusion was established such that smaller 

pores lead to less diffusion, and vice versa. Cell behavior is 

measured by cell motility, which refers to the rapid, in-place 

motions of intracellular parts that can be used to assess cell 

response to therapy, their surrounding environment, and 

potentially reveal premalignant behavior. Previous investigators 

have defined two metrics of cell movement, alpha, and motility, 

which correspond to signal auto-decorrelation and signal 

amplitude, respectively. Cell topology refers to the 3D structure 

and shape of cells and cell clusters, which has been shown to 

mutate in diseases such as cancer. By quantifying cell topology, 

cellular health can be examined. Techniques using OCT have 

also been used to monitor the response of diseased tissue to 

treatment. These studies have been largely independent of each 

other, and the need for a more holistic measuring system has 

been called for. This research aims to create a custom OCT 

system capable of obtaining these metrics simultaneously and 

with improved imaging depth and comparable resolution. 

Through an integration of a near-infrared (NIR) laser, 

interferometer, and LabVIEW control of the system, a new 

Deep-Imaging, Multi-Parameter OCT (DIMP-OCT) is being 

created. The system bodes a 4.6µm resolution and 5.4mm 

imaging depth. This is made possible by a 50-50 fiber optic beam 

splitter using a 1300nm wavelength laser with 160nm 

bandwidth, and 2048-pixel spectrometer with a 140kHz linerate. 

Here, we report the design of the system being built, the 

techniques used to build and test the hardware, and the 

approach to developing the graphical user interface. We also will 

report results from tests to assess DIMP-OCT subsystems. 

I. INTRODUCTION 

Cancer is a disease characterized by uncontrollable growth 

of abnormal or damaged cells, and is one of the leading 

causes of death in the world1. In 2020, approximately 

600,000 people died of cancer in the US, and the estimated 

global death toll was 10 million2,3. Previous investigators 
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have shown tissue mechanics change when diseased, 

apparent in breast cancer4,5, and play a vital role in drive 

cancer progression6,7, yet our understanding is limited due to 

conflicting studies. Some studies show tissue porosity 

driving tumor invasion8,9, while others do not10. Being able 

to quantify and visualize tissue mechanics and cell behavior 

together has the potential for bridging the gap in our 

understanding of the complex relationship between these 

two cancer-driving properties11,12. Previous investigators 

have shown OCT to be capable of quantifying the 

morphology of cells and cell clusters13, the size of pores in 

biological tissue14, the movement of cells and cell 

organelles15,16,17, and the response of diseased tissue to 

therapy18. These studies were conducted independently of 

each other; therefore, combining these techniques has the 

potential to reveal the interconnective nature of cell behavior 

and tissue mechanics to better understand cancer growth and 

its real-time response to cancer therapies, which will be 

invaluable in both research and the clinic.  

Current gold standards in cancer assessment are invasive and 

destructive, limiting the ability to research and understand 

the nature of diseased tissue. Additionally, results have a 

time delay of a few days to a week or more. Thus, a non-

invasive, non-destructive, real-time imaging system would 

be a great advancement in disease assessment. OCT is a 

subsurface laser-based imaging technique that functions 

similarly to ultrasound; however, instead of sound waves, 

light waves are used, allowing images to be taken on the 

micron to millimeter scale with high resolution. 

Additionally, OCT has already been shown to be capable of 

real-time image display. Thus, OCT is a prime candidate for 

a non-invasive, disease assessment system. As of 2023, off 

shelf OCT systems can range from $74,000 to $91,000. This 

project aims to build and test an OCT medical imaging 

system capable of simultaneously obtaining the 

aforementioned metrics for a fraction of the cost of an off-

shelf system, all with comparable functionality and 

enhanced imaging capabilities. 
 

II. INSTRUMENT DESIGN 

DIMP-OCT has two fundamental components: deep imaging 

and multi-parameter acquisition. The capability for OCT to 

measure multiple parameters simultaneously is not 

dependent on hardware of the system, but rather from the 
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processing of the image after collection. Imaging depth and 

resolution, however, are dependent on the system 

components, such that hardware can be selected to enhance 

both simultaneously according to the following equations. 

 

Axial resolution is a defined by the coherence length of the 

light source, and is therefore dependent on the center 

wavelength and limited by the spectral bandwidth. 
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Later resolution is limited by the spot size of the focused 

probing beam, and is a function of focal length, center 

wavelength, and beam diameter. Our system uses a beam 

diameter of 1-2 mm 
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Max imaging depth is limited by either number of pixels 

recorded or spectral bandwidth, and is a function of center 

wavelength, light source bandwidth, and number of pixels 

recorded. We record 2048 pixels. 
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According to previous investigations19, as wavelength 

increases signal attenuation decreases resulting in improved 

image clarity. Coupled with a 140kHz linerate camera, the 

use of a 1300nm wavelength laser allows for high resolution, 

deep imaging capability. 

A. Hardware 

The hardware, Figure 1, has key components of a broadband 

light source, 50-50 fiber optic beam splitter as an 

interferometer, a retroreflector, a line rate camera, and Data 

Acquisition System (DAQ) controlled galvo mirrors. An 

optical interferometer is a measurement tool that splits a 

coherent light source though a half-silvered mirror and 

combines the light waves to create an interference pattern. 

OCT utilizes a spatially resolved interference pattern to 

collect measurements. It does so use a 50/50 beam splitter 

that employs a reference arm and sample arm to create the 

interference pattern, and once the reference image is 

subtracted from the sample image, the remaining image data 

represents subsurface structures. A galvanometer system 

with silver coated mirrors is used to steer the sampling light 

beam to different positions on the sample based on a voltage 

level provided from the LabVIEW interface, the equation for 

this is shown in LabVIEW code in Figure 4. The galvo 

mirrors play a pivotal role in data acquisition as they allow 

for highly precise positioning on the sample, as well as 

acquisition in a straight line to create a 2D image known as a 

B-scan. Some challenges encountered when building the 

system include optical alignment, improper equipment, and 

equipment troubleshooting. A particularly difficult piece of 

equipment for this research was the Cobra 1300 

Spectrometer). Some challenges for the camera stemmed 

from the goal of controlling the camera's frame rate and 

exposure time as these are controlled by internal settings, 

and not directly adjustability with LabVIEW functions. 

 

Figure 1. Schematic of fiber-based DIMP-OCT 

 



  

 
Figure 2. Hardware for interferometer, including periscope (red box), 

galvo system (yellow circle), and sampling arm (green circle)  

TABLE I.  DIMP-OCT HARDWARE AND SPECIFICATIONS 

 

B. Software  

The OCT system runs using NI-LabVIEW software, Figure 

3 shows the graphical user interface (GUI) used for DIMP-

OCT and the laser spectrum recorded using the GUI. When 

designing the GUI, the primary consideration of user-

friendliness, because the ultimate objective of OCT is to be 

used in clinical settings. This means the system needs to be 

simple and easy to navigate so that clinicians can quickly 

and accurately take measurements and provide a diagnosis. 

To achieve this simplicity, subVIs were utilized which are 

analogous to functions in scripting languages. This allows 

for a clean interface and cleaner code but increases the 

complexity of troubleshooting somewhat as the code now 

has layers which must all work in concert for effective 

execution. Additionally, the GUI allows for control over 

displayed images properties (an upgrade from previous 

iterations), enabling users to adjust parameters such as 

contrast for brighter images. Some software challenges 

encountered include real-time display, subVI integration, 

and control over internal camera settings.   

 

 

  
Figure 3. Graphical User Interface (GUI), main window (top); Spectrum 

measured using a Cobra 1300 Spectrometer (bottom). The x-axis represents 

the pixel number of the camera (corresponds to light wavelength), and y-

axis the intensity of light measured from that pixel. 

C. System Utility 

In a study using Diffusion-Sensitive OCT (DS-OCT), it was 

found that GNR diffusion is positively correlated with tissue 

pore size14. In cancer, the ECM becomes heterogeneous and 

dense resulting in decreased pore size, thus provided a 

metric for disease assessment based on GNR diffusion. 

Another study investigated the intracellular motion of 

mammary epithelial cells and created metrics alpha and 

motility to characterize these motions. Investigators found 

that motility and alpha were sensitive to cell health, making 

the metrics valuable for studying disease progression and 

treatments15. DIMP-OCT is both diffusion sensitive and 

capable of measuring Motility and alpha, allowing it to 

assess ECM and potentially cellular health, allowing for a 

holistic assessment of tissue health. These capabilities will 

be built into the normal operation of the system so that 

investigators can monitor ECM- and cell-sensitive metrics in 

real-time for rapid assessment of diseased tissue.  

Hardware Specs Vendor Model # 

Light Source Wavelength: 1280nm 

Power: 15mW 

Bandwidth: 

3dB (145nm) 

10db (180nm) 

Exalos EBS300045-

02 

Interferometer Dual wavelength 

1310nm & 1550nm 

50-50 ratio splitter 

ThorLabs 10202A-50-

FC 

DAQ Max voltage: 10V NI 150199E-01L 

Galvo system 

w/ silver coated 

mirrors 

Small <5mm diameter 

beams. 12.5deg scan 

angle (.8v per deg) 

Thorlabs GVS002 

Cobra 1300 

Spectrometer 

Pixels: 2048,  

Max linerate:147kHz, 

BW: 245nm,  

Spectral Res.: 0.12nm 

Wasatch 

Photonics 

C1300-

1300/245/147-

SG2K 

Reference arm 

retroreflector 

AR coating: 1050nm-

1700nm 

Thorlabs PS975M-C 



  

 
Figure 4. LabView block diagram of subVI, corresponding front page, and use of subVI  

 

D. Future Directions 

Although the system is capable of operating, there is still 

work to be done in order for it to be capable of disease 

assessment. The system is not in optical alignment as lab 

locations have changed since last use, so work is being done 

to realign the system. Previous iterations of the system used 

a DAQ with a max voltage of 5V limiting the max scanning 

angle of the galvo system below their operational max. A 

new DAQ with a max voltage of 10V has been procured and 

is in process of being integrated with the system allowing for 

use of the galvo system’s full potential. Currently, image 

processing algorithms for metrics of diffusion, motility, and 

alpha are utilized in post using MATLAB, thus limiting the 

potential for real-time image display that could be clinically 

relevant. Therefore, work is being done to incorporate data 

processing algorithms into the system’s LabVIEW code. 

III. CONCLUSION 

In conclusion, the proposed DIMP-OCT will allow for 

simultaneously measurement of tissue porosity, cell 

behavior, and cell topology, resulting in a more holistic 

measurement of human tissue health, making it a promising 

candidate for disease assessment and monitoring. The 

integration of a NIR light source and interferometer provides 

deeper imaging without sacrificing resolution. This system 

will hopefully become a powerful tool to enable accurate 

disease assessment and treatment monitoring.  
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