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Abstract 

This project will analyze the methodology used to apply statistical functions and data log 
transformation by a proposed Sand Rat Data Analysis Module (software) SRDAM to assist the 
exportation problem encountered by the B1-9000AT Digital Autocorrelator program. A module 
or techniques were developed to export the multiple data files from BI-9000AT to the SRDAM 
software then into MS-EXCEL® software to overcome the problems encountered in BI-9000AT 
software. BI-9000AT does not have the ability to automatically perform statistical functions or 
the log transformation needed for data analysis or interpretation from data collected by a NASA 
developed fiber optic device. BI-9000AT is a digital, high speed, signal processor which is used 
as an auto or cross correlator for dynamic light scattering (DLS) measurements performed in the 
eye. The sand rat, Psammomys obesus, is unique in that it is a nutritionally induced animal model 
for Non-Insulin Dependent Diabetes Mellitus (NIDDM) or type 2 diabetes mellitus (T2DM).  
Complications seen in diabetics such as blindness due to cataracts can be studied using the sand 
rat as a model. DLS can be used to detect cataracts at the early stages. The BI-9000AT with the 
SRDAM software efficiently and accurately calculates several data files at one time. Thus, study 
data can be analyzed at the time of collection from the animals for the investigation of various 
aspects of ocular health- specifically lens opacity, as a possible early indcator of diabetes 
mellitus.  
 
Background  
 
The project described below is collaboration between personnel at multiple government 
agencies, faculty, and students from Talladega College and Case Western Reserve University to 
develop a software module that will allow data mining, statistical calculations and data analysis.  
This data will provide an unprecedented opportunity to use data mining techniques to facilitate 
non-invasive studies of changes in the eye in an animal model of diabetes that mimics the human 
syndrome. Diabetes mellitus affects approximately 6% of the population [1].Diabetes 
complications result in extensive end organ damage, such that one–third of all hospitilized 
patients are diabetic, 30% of the patients requiring kidney transplants have diabetic nepropathy, 
gangrene of the lower extremities is 100 times more common in diabetics, diabetic retinopathy is 
the fourth leading cause of legal blindness and 100 million eyes are legally blind from catartacts 
today [2], [3].The data collected from these investigations will add important information on the 
progression of ocular health during the development of diabetes and provide a new tool for early 
cataracts detection. 
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Introduction 
 
Psammomys obesus or the fat sand rat is a wild desert rodent in the gerbil family. The occurrence 
of diabetes mellitus in the sand rat is a subject, which has aroused much interest since it was first 
reported [4]. The sand rat is a nutritionally induced animal model for Non-Insulin-Dependent 
Diabetes Mellitus (NIDDM), also called type 2 diabetes mellitus (T2DM).This animal is unique 
in that it develops mild to moderate obesity, hyperglycemia and complications from diabetes 
such as blindness, kidney disease, delayed wound healing and heart disease by dietary induction 
[4],[5],[6].  
 
The sand rat dwells in the salty deserts of Algeria, Tunisia, Saudi Arabia, Israel, Sudan, Libya 
and Egypt.  Their main diet in the wild is the low-energy, electrolyte rich salt bush plant, 
(Atriplex halimus) [6]. In the laboratory environment, the sand rat develops obesity, 
hyperglycemia and hyperinsulinema when fed a high caloric diet [5], [7], [8]. The development 
of cataracts in the sand rat is associated with the development of nutritionally induced T2DM 
(Figure 1). Various researchers have found that the diabetes syndrome in sand rats is relevant to 
pathogenesis of diabetes in certain populations including other minority groups in the United 
States (Arizona Pima Indiana and Micronesians) [9]. 
 

        
 

Figure 1: Photograph of eye fundus of Psammomys obesus (sand rat).Left eye is normal. Right 
eye shows a mature cataract. 

 
The sand rat project focuses on the early detection of ocular damage induced by diabetes. 
Researchers (Chenault et al) [10] are able to view the pathologic or normal traits of the eye using 
Dynamic Light Scattering (DLS) fiber-optic probe developed by NASA scientists (Ansari, et al) 
[11], [12], [13] (Figures 2 and 3). An optical fiber transmits a low- power laser beam into the eye 
[12], [13], [14]. Light scattered from within the eye back to the instrument is detected by a 
second optical fiber. Next, the data collected from the lens is stored, analyzed and processed into 
the summary file by the BI-9000AT Autocorrelator [11]. DLS data is depicted as protein particle 
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size distribution. A time correlation function is used to calculate the particle size in the lens 
crystalline. A change in protein particle size (increase) in the eye indicates complications due to 
opacity [10], [14] (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
   

 
 

Figure 2: NASA's Dynamic Light Scattering (DLS) fiber-optic probe 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 

 
Figure 3: The laboratory set up for eye examination and data collection. 

The animal is anesthesized for the procedure and all studies (performed by the principal 
investigator, V.M. Chenault) were conducted under an approved protocol at Uniformed Services 
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University of the Health Sciences in Bethesda, MD and in keeping with the regulatory guidelines 
for the humane care and use of animals (Figure 3). 
 

 
Figure 4: Sample particle size distribution data collected from analysis of the lens of the nucleus 
of the sand rat eye using DLS. Note there is a shift from low molecular weight to high molecular 

weight proteins [16]. 
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Figure 5: BI-9000AT Main Screen  
 

 
 

Figure 6: Double Exponent Result 
 
The BI-9000AT is an entirely digital, high speed, signal processor that can be used for cross 
correlation calculations of dynamic light scattering (DLS) measurements. Its correlator control 
program is written in C++ language. Figure 5 shows a main screen for the BI-9000AT program. 
The box marked “Correlation Data” is where the correlation function is plotted. Figure 6 shows 
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the screen for the Distribution Analysis through BI-9000AT program. Note that instructions are 
provided in this screen to print [P] data or save [S] data in a summary file.  
 
The BI-9000AT consists of three important steps in order to generate the final results into 
particle size distribution data (Histograms as depicted in Figure 4). The three steps are: 
 

Step 1. Loading data files into the system  
Step 2. Creating Summary Files 
Step 3. Importing Summary File in MS-EXCEL® 
 

The most critical steps in this software are between steps 2 and 3 in BI program. A fourth step is 
needed to perform log transformation into one valve that represents lens health or opacity. The 
importing of summary file into MS-EXCEL® is performed to create the BI-9000AT histograms.  
 
The BI-9000AT lacks the ability to: 1) collect data summary file of DLS measurement; 2) 
transfer multiple data files into MS-EXCEL®; 3) pick individual d/nm columns from summary 
file and import to MS-EXCEL® [11]. 
 
The complexity arises between the steps previously mentioned and other needed features in order 
to produce efficient and accurate results in real time. The BI-9000AT program uses MS-
EXCEL® to produce a distinct hardcopy of data and does not have the ability to perform 
logarithm transformation and statistical functions. The process for loading individual files into 
MS-EXCEL® is time consuming in order to produce results from DLS and for application of 
statistical functions. Multiple files have to be entered into MS-EXCEL®, individually, to 
produce results. Therefore, the BI-9000AT was not efficient because it was not sufficiently 
designed to produce results in an effective manner. 
 
Methodology 
 
The lead author (Raza) prioritized the problems and current complications with the BI program 
to ascertain the importance of each function’s role in determining the results. Secondly, a 
feasibility analysis was performed to assess the technical feasibility, organizational feasibility 
and economic feasibility to meditate the risks of each methodology.  
 
Data Analysis  
 
The first methodology was to create C++ /C # module to accommodate the BI-9000AT program. 
This particular methodology proposes a sufficient time saving effort and reduces the risk. 
Ultimately, the methodology that the author chose is to create a module written in C# language  
by using SharpDevelop 2.0 (Integrated Development Environment -IDE for Visual Studio.Net®) 
from Microsoft Corporation. Statistical packages such as MS-EXCEL®, or Statistical Package 
for the Social Sciences (SPSS) [17] can be used to apply statistical functions. During the 
assessment of the technical feasibility a small risk appeared in respect to familiarity with the 
software. This risk is very low because the proposed module, based on Graphical User Interface 
(GUI), is somewhat effortless. The software module (Sand Rat Data Analysis Module- SRDAM) 
provides a graphical user interface, which will allow the user to easily navigate and perform 
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desired steps by loading multiple summary files through one interface. By using this module, 
intangible benefits increase tremendously. SRDAM is versatile software that can be used for an 
organization’s predictive analytical needs, statistics, data mining, and survey analysis or for 
decision optimization in the project. Figure 7 depicts the main screen of SRDAM software 
module, used to capture the data from BI-9000 AT program. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7: SRDAM software module main screen 

 
Nomenclature of File System 
 
The following list explains the nature of the files. 
 

 DAT extension means “correlation data file”. 
 RAT extension means “count-rat data file”. 
 SUM or DUM means “summary file”. 

Results and Discussion 

The methodology uses the following major steps to apply statistical functions to get the desired 
results in a timely manner. 
 
Loading .SUM or .DUM files created by the BI-9000 AT program into the SRDAM software 
module was performed through the main GUI interface. That screen had an option to select 
default files. The default files were hard coded into the source code or selected manually by 
pressing the browse button. (see Figure 8, SRDAM Data Capture Screen- see notation on the left 
hand side). 
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After loading all summary files, the second step was to send the output into MS-EXCEL®. This 
could be performed by pressing the “Parse” button. At that point, the interface asked, for a file 
name. Once the file name was given, it picked all d/nm columns from the summary files and 
transported them into MS-EXCEL®. (Figure 8, Data Capture screen- see notation on the right 
hand side) Next, the MSEXCEL® file was opened and the Log Transformation steps, mean and 
Standard Deviation analyses were performed through MSEXCEL® formula.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 8:  SRDAM Data Capture Screen                
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Figure 9, 10, 11 and 12 depicts sample screens for the steps required to produce the final results 
after assessment of the sand rat lens using the fiber optic device.  Sample graphs are provided to 
depict the statistical functions (mean, standard deviation and the log transformation data point). 
 

                                                             

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 9: Sample (raw) data for Summary File Figure 10: Data capturing from Summary File 
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Figure 11: Mean DLS results representing lens particle size and opacity for 8 individual 
measurements of the lens nucleus from the data in Figure 10 (Row 27). 

 

 
 

Figure 12: Standard Deviation calculations determined from the data depicted in Figure 10 
(Row 28).  
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Figure 13: Log Transformation data depicting lens health as a function of opacity. The lower the 
value, the healthier the lens. 

 
Conclusion 
 
The BI-9000AT Program was enhanced by SRDAM software. The SRDAM Program analyzed 
the data analysis technique more efficiently than the BI-90000AT Program alone. This program 
scanned multiple data files and allowed the application of statistical functions to show the 
relationship between complications seen in diabetes, such as blindness due to cataracts, using the 
sand rat as a model. 
 
Future Research 
 
However, in the future development of more feasible modules is important. In future, a complete 
graphics packet could be developed to load data file (.data extension) and perform al necessary 
statistical function through GUI (Graphical User Interface) and eliminate the need of BI-9000AT 
program by improving SRDAM software. 
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