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Abstract— Optical coherence tomography is a non-invasive, 
in-vivo imaging technique based on the principle of light 
interferometry. This study examines the development of an 
OCT imaging system powered by a 1550nm fiber laser. Real-
time, cross-sectional and sub-surface volumetric imaging 
was performed by analyzing light backscatter from different 
features inside samples. Spectral encoding was Fourier 
transformed to produce 2D depth profiles. Conclusively, 
results demonstrated optimum resolution with high-contrast 
interference patterns, thus offering near-maximum Z-axis 
and translational imaging quality. Future research will aim 
to combine existing detection sensitivity capabilities with 
the imaging depth of multi-photon microscopy. 
 

I. INTRODUCTION 
Laser imaging techniques have played an essential role in 

modern-day healthcare and are indispensable tools for 
screening and early detection of diseases including age-related 
macular degeneration and esophageal cancers [1]. In addition, 
the application of laser imaging techniques for brain imaging 
and surgical guidance is recently gaining ever increasing 
attention in the community. Fourier-domain optical coherence 
tomography (FD-OCT) stands out from other laser imaging 
techniques due to its unique optical sectioning capability, 
ultrahigh detection sensitivity, and ultrafast volumetric 
imaging speed [2]. The capability to noninvasively survey large 
tissue volumes allows more accurate assessment of early stage, 
focal diseases. FD-OCT achieves quantum noise limited 
detection sensitivity and video rate 3D microscopic imaging by 
using an optical heterodyne interferometer to extract signals 
encoded in the spectral domain, where depth information is 
measured by a spectrometer. Without the need for axial 
scanning, FD-OCT provies 50 dB signal gain and simultaneous 
capture of depth information after a Fourier-transformation. 
This study explores the development of a proof-of-principle 
FD-OCT imaging modality and its corresponding axial and 
transverse resolution capabilities. 

II. MATERIALS & METHODS 
To construct the system, a femtosecond erbium doped fiber 

laser (EDFL), optical spectrum analyzer (OSA), and a 
workstation equipped with Labview programs were used. The 
1550nm EDFL generated optically synchronized pulses split 
into reference and sample arms by a 50/50 coupler. The light 
source was collimated and linearly polarized with a ThorLabs 
fiber controller before being strongly focused into a sample. 
Interference patterns measured between the reflected and 
backscattered sample waves were used to generate reflectivity 
profiles. After Optical dispersive Fourier transform (DFT) 
technology converted the spectral encoding scheme into 

temporal encoding of depth information, Gaussian waves in the 
frequency domain were turned into Soliton in the time domain. 
Full width half maximum (FWHM) calculations combined with 
the constant speed of light were then used to determine the 
smallest spatial increment the microscope could resolve. 

 

 

 

 

 

 

 

Figure 1. Schematic diagram of proposed imaging modality used to 
extract volumetric information from backscattered 1550nm laser 
source. 

III. RESULTS & DISCUSSION 
Before applying DFT technology, the Optical Spectrum 

Analyzer (OSA) captured raw spectral encoding from the 
laser source, with a travel delay of 7.7 uW between sample 
and reference arm power (Fig. 2). 

 
 

 

 

 

 

 

Figure 2. Signals backscattered form different depths and amplified at 
varying optical frequencies.  

 
A Fast-Fourier transformation was applied to the raw 

spectral encoding in the frequency domain to extract the 
resolution capabilities of the imaging system in the time 
domain (Fig. 3).  

 

 
Figure 3: High-speed, in vivo volumetric imaging is made possible by 
applying a series of concepts including depth-encoded frequency 
conversion (L→ω) and optical DFT (ω→T).  
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   After taking a FWHM, the Fourier-transformed signal yielded 
a 2.24ps time, corresponding to an axial resolution of 8 microns, 
well within the preferred range of 5 to 10µm. As for 
translational imaging quality, the 1.50ps FWHM produced a 
transverse resolution of 4.9 microns at the higher end of the 3 to 
5µm spectrum. 

 
Figure 4. Translational, XY-plane (a), and axial, Z-plane (b), 
imaging resolution in the time domain extracted from the depth-
encoded signal. 
 

High contrast interference patterns were successfully 
created, using only a CUDA GPU workstation, FPGA-
digitizer, and programs developed in Labview to 
automatically increment the movement of a motorized stage in 
the transverse axis. 

 
The near-maximum axial and transverse imaging quality 

demonstrated by this study shows the versatility of 
rudimentary OCT systems in achieving spatial resolution 
within ±2 microns of the preferred value. The use of FD-OCT 
opens numerous applications in the cross-sectional 
visualization of tissue morphologies.  

 
While the results shown advance imaging speed and 

detection sensitivity capabilities, multi-photon microscopy 
(MPM), specifically three-photon microscopy (3PM), provides 
unsurpassed imaging depth into tissue by strongly 
suppressing the background signal and absorbing near-
infrared excitation light. Future research will focus on 
incorporating unconventional optical illumination 
wavelengths in the 1700-1800 nm range to strike a balance 
between tissue scattering and water absorption. 
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