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Project Title: Improving on two wavelengths retinal oximeter 
 
Recently a new technique has been introduced [1], [2] [3] that relies uniquely on the acquisition of two 
images of the retina at two different wavelengths for the evaluation of retinal oximetry across the visual 
field. A CE marked device has been developed and has found great favor in the ophthalmic community 
[4]-[6]. (http://www.oxymap.com) 
 
Briefly the technique works as follow: two images of the fundus are acquired with a fundus camera or 
equivalent tool, one in the green region of the spectrum (isosbestic wavelength) and one in the red 
region of the spectrum.  Pixel intensity values on the vessel and near the vessel are used to calculate 
the local optical density (OD) at each wavelength. A calibration step is then applied, one artery and 
one vein within the visual field are selected their optical density is calculated as described above. 
Values of oxygen saturation taken from the literature (95% for arteries and 70% for veins) are imposed 
to the calibrating artery and vein and then used as known parameters to calculate oxygen saturation 
for all other wavelengths. The technique is gaining popularity because of its simplicity and consistent 
results on a single patient, yet the validity of the technique vis-à-vis large epidemiologic studies 
remains to be confirmed. 
 
We have utilized a Monte Carlo model of light transport in the retina to determine the error associated 
with the two-wavelength technique and have shown that a new calibration methodology is necessary 
to make this technique viable for clinical use. The student will work both on instrumentation design 
and computational modeling to create a new calibration paradigm for retinal oximetry. 
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Project Title: Oral Mucosa Vessel Density 
 
An inherited predisposition is one of the most important risk factors for colorectal cancer (CRC) and is 
implicated in 20 to 30% of all cases [1,2].  One of the most common inheritable colorectal cancer 
syndromes is familial adenomatous polyposis (FAP).  FAP is caused by a germline mutation of the 
APC (Adenomatous Polyposis Coli) gene, conferring a multiplicity of adenomas at younger age and a 
near 100% risk of colorectal cancer by the sixth decade of life if a preventative colectomy is not 
performed.  Presently, the recognition of the majority of individuals at increased risk for inherited forms 
of CRC occurs only after evaluation of family history revealing multiple generations with CRC and 
other tumours, which usually occurs at the time of diagnosis of CRC in the proband.  Currently, there 
are no definitive phenotypic markers for many of the inherited forms of CRC to identify high-risk 
individual presymptomatically although several studies have shown that these individuals often 
develop benign soft tissue and bony tumors, desmoid tumors, extraintestinal cancers, and [3] 
hypertrophy of the retinal pigment epithelium [4]. 
 
Furthermore presymptomatic genetic testing is expensive and not entirely conclusive, as 
approximately 20% of individuals with apparent familial CRC have no detectable mutation [5], in this 
paper these individuals will be classified as No Mutation Found (NMF). 
 
Light reflectance spectroscopy has been utilized to analyze vascular abnormalities and vessel 
structure in the oral mucosa of patients with another form of hereditary colorectal cancer, Hereditary 
nonpolyposis colorectal cancer (HNPCC) [6].  Utilizing this technique, investigators concluded that 
there was a measurable difference in the light reflectance patterns from the oral mucosal tissues of 
HNPCC patients compared to controls, with reflectance values in the 590-700 nm wavelength range 
significantly lower for individuals with HNPCC.  However, Carrara et al. [7] performed a similar clinical 
test and showed that there was no considerable difference in oral mucosal reflectance between 
HNPCC carriers and controls.  In a different study De Felice et al. [8] showed that increased oral 
vascular network complexity was related to gene mutation carrier status and appeared to be a 
consistent phenotypic marker for HNPCC. 
 



The analysis of the geometrical characteristics of micro-vascular networks of the oral mucosa was 
successfully applied to other hereditary conditions such as Ehlers-Danlos syndrome, [9], Down 
syndrome [10], and achondroplasia [11, 12], to name a few. 
 
The main goal of this study is to develop a system to measure vessels in the oral mucosa [13], oral 
mucosal vascular density (OMVD) in combination with a Kolmogorov complexity algorithm [14] can be 
used to assess the probability of an individual to be either FAP or HNCPP positive. 
 
Deliverable 
 

 A user friendly general user interface based on Matlab or other software that controls a camera 
and calculates the OMVD. 

 Testing of the system on optical standards 

 Testing of the system in human subject –Possible IRB 

 Can the system be used to measure vascular flow? 
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Project Title: An Imaging Pulse Oximeter Based on a Multi-Aperture Camera 
 
Transmission and reflectance based pulse oximetry are commonly used in medicine [1]. Pulse 
oximeters are based on the light absorption of oxygenated hemoglobin (HbO2) and deoxyhemoglobin 
(Hb), for the assessment of oxygen saturation (SO2), which is the amount of oxygenated hemoglobin 
present in the blood. The detection of oxygen saturation is now going a step further utilizing images to 
facilitate insights that would otherwise be difficult to obtain [2,3]. Some applications of imaging pulse 
oximetry are monitoring of neoadjuvant chemotherapy, characterization of vascular skin lesions, and 
detection of tumors [4,5]. Image pulse oximetry could enable a physician to gain a better understanding 
of the area of interest while requiring less invasive testing. 
 
Our imaging technique is based on synchronizing an imaging system to a photoplethysmographer. 
Photoplethysmography is the monitoring of time-varying changes in the volume of blood for a tissue. 
Light is directed onto an area of the skin and a photodetector is used to detect the light that is either 
reflected or transmitted through the skin, blood, and other tissue; the change in intensity is correlated 
to the change in blood volume. Within the plethysmogram signal, there is an AC signal and a DC 
signal. The AC component is a cardiac-synchronous signal caused by the arterial pulse and the DC 
component is a slow varying signal that is primarily caused by the total blood volume in the skin [6]. 
In a study done by Verkruvsse et al. [3] a consumer grade video camera was used to visualize the 
photoplethysmographic signal and determine a patient heart rate. With some additional filtering, they 
were able to distinguish arterial vasculature. Filtering was necessary because the DC component of 
the plethysmograph results in an offset that makes it difficult to know where the peak and trough are. 
By removing the DC offset arterial flow could be visualized. Their system used a broadband RGB 
filtering given by their specific imaging apparatus; consequently, quantitative data could not be 
ascertained. 
 
A study done by Lee et al. [7], used noninvasive diffuse optical spectroscopy to monitor oxygen 
saturation during hypovolemic shock and fluid replacement. They too used a broadband source and 
were consequently unable to take into consideration the individual effects of oxyhemoglobin, 
deoxyhemoglobin, and melanin. Recently we have introduced a multi-aperture camera capable of 
taking 16 different images at known wavelengths in a single snapshot, we have used the system to 
determine oxygen saturation in the retina as well as skin wounds [8,9]. The system uses narrowband 
filters, which enable to quantitatively determine the concentration of oxyhemoglobin, 
deoxyhemoglobin, and melanin. 
 
We propose a technique that uses a plethymographer to trigger the multi-aperture camera and take a 
snapshot at the peak and at the trough of the pulse waveform, the acquired images are finally used to 
calculate a value proportional to arterial oxygen saturation of the superficial skin vasculature 
 
Deliverable 
 

 Synchronization of a multiaperture camera with an off the shelf pulse oximeter 

 Calibration of camera parameters 
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