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Abstract 
This report identifies the key features noted as requirements in the 
diagnostic decision-making process of single Photon Emission 
- Computed Tomography (SPECT) cardiac imaging. The report discusses 
the critical issues that create the basic system framework for design of 
an automatic target recognizer (ATR) algorithm prototype to support 
diagnosis of coronary artery disease. Candidate feature discovery 
algorithms that may form the basis of future work include Adaptive 
Resonance Theory and Bayesian Decision Network. A framework for 
the practitioner-Human-System-Interface would include baseline 
patient history and demographic data; reference cardiac imagery 
history; and current overlay imagery to provide complementary 
information (i.e. , coronary angiography, echocardiography, and SPECT 
images). The goal is to design a prototype that would represent a 
fused present and historical “whole” functional, structural, and 
physiologic cardiac patient model. This framework decision-assisting 
platform would be available to  practitioner and student alike, with no - 

“real-world” consequences. 
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A Human Factors Engineering Approach to 
Biomedical Decision Making: 

A New Role for Automatic Target Recognizer 
Technologies 

lntrod uction 
Exercise treadmill stress testing has been a standard examination 

technique in the diagnosis of coronary artery disease (CAD) for many years. 
Perfusion imaging agents, such as thallium-20 1 , improve sensi t i~ty,  
specihcity, and diagnostic accuracy of single photon emission computed 
tomography (SPECT) imaging. Despite these improvements, sens i t i~ ty  
ranges are reported from 68 t o  96 percent, and specificity ranges from 65 to  
100 percent (Kotler 1990). Development of algorithms to assist radiologists 
interpreting these studies could potentially benefit an extremely large 
number of patients yearly in the U.S. alone (the nuclear pharmacy industry 
estimated there would be over two million myocardial perfusion scans 
performed in 1994) (Telepak 1994). In an even greater sense, this project is 
critical because the algorithms developed will be directly applicable t o  other 
diagnostic radiology examinations comparing two sets of images and 
searching for new pathology, i.e., mammography and chest X-rays. 

This report describes the information gathering and conceptual 
design phase of this work. A new area of work for leveraging one of Sandia 
National Laboratory's critical technologies, i.e., automatic target recognizer 
(ATR) development, in the biomedical engineering field wi l l  be dehed .  

Background 
We are addressing the problem of data fusion to assist the medical 

practitioner in diagnosis and evaluation of CAD. The initial imaging tool 
selected for development of algorithm requirements was the tomographic 
myocardial perfusion scan (specifically, SPECT). The goal is to develop an 
automated, accurate, and reproducible computer algorithm to identifv 
perfusion abnormalities of the left ventricle at both stress and rest (Figure 1). 

Several quantitative tools currently assist the practitioner to diagnose 
these images (Freeman 1987). However, in practice, they do not receive 
widespread use due to perceived bias, inadequacy, and bulkiness. Hence, 
this project was conceived to  develop a system based on end-user 
requirements and information that is fused and applied in clinical practice. 
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Based on interviews with diagnostic radiologists, cardiologists, and 
nuclear medicine technicians, the most common cause of misinterpretation is 
comparing one area of the left ventricle on the stress images to a different 
area on the rest images. The problem is severely compounded by differences 
in left ventricular size and angulation between rest and stress. The image 
identification program being addressed by the Sandia National Laboratory 
team has great promise to alleviate this interpretational problem (Telepak 
1994). 

An information requirements analysis was performed using a 
representative group of medical experts (n=15). The task was to cull out the 
demographics of the population being studied, the perceived deficiencies in 
image processing and diagnostic interpretation, and potential solutions to  
misdiagnosis. 

Several key interpretational problems were discovered through this 
effort: left ventricular registration, both in orientation and size; very low 
resolution imagery (20 x 20 x 20 pixels from the region of interest); image 
normalization; and potential image distortion and artifact introduced by the 
SPECT image reconstruction. These problems continue to exist despite 
center of rotation (COR) correction software. Unfortunately, COR calibration 
must be repeated for each matrix size, collimator, and zoom factor used, and 
adds to its cumbersome and unacceptable nature (Mettler and Guiberteau 
199 1). 
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Figure I. Cardiac Radionuclide Imaging 
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Project Overview 
Currently, three major phases exist in the approach to algorithm 

development. These phases wi l l  be codeveloped in the project overview 
(Figure 2). 

(1) The first phase involved modeling of left ventricular registration, 
both in cardiac orientation and size. The optimal approach to this task 
involved isosurface fitting of a non-rigid body. This process will result in a 
reproducible form, i.e. , robustness of data presentation usable by automated 
data extraction systems. 

discovery system. Currently, two ATR feature discovery algorithms - 
neocognitron and Hebbian learning - are under consideration. Both have 
shown promising results for ATR problems and would be applied to the 
current problem of removing anomalies and enhancing real features within 
the cardiac images. 

(2) The second phase is implementation of an automated feature 

0 The three-dimensional neocognitron is an extension of previous 
two-dimensional neural network feature extractors designed for 
ATR problems. The two-dimensional neocognitron has shown 
relatively good success for feature extraction in ATR problems. 
Hebbian learning is an extension of current two-dimensional work 
in ATR problems. Hebbian learning technique has shown promise 
to  have better performance than neocognitron for feature 
extraction. Further testing of the algorithm is planned for future 
work. 

0 

(3) The third phase involved classification algorithms to identify types 
of targets. Their performance can be measured with confusion matrices and 
the error rate and probability of correct classification. These metrics are 
functions of the number of classes and the joint probability distribution of 
features selected (ATRWG 1990). 

Several classification algorithms are under consideration for this 
application, including the Adaptive Resonance Theory (ART) and the 
Bayesian Decision Theory. ART is an existing implementation that has been 
applied to  ATR problems and is being considered as part of the baseline for 
future neural network ATR solutions. The Bayesian Decision Network is an 
artif icial intelligence technique currently under development for application 
to ATR problems. This algorithm contains desirable properties, which allow 
a user to track the system decision process. The Bayesian Network has 
already been applied to medical diagnostic problems with some success (Dave 
and Bhaswan 1992). 
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Data Preprocessing 
Data preprocessing is essential to appropriate information 

representation and development of the Human System Interface (HSI) for 
entering patient medical records into the database in a usable format. The 
baseline information analysis indicated that the registration between rest 
and stress images is crucial for proper medical diagnosis. Currently, this 
step is completely operator-dependent and no system automatically accounts 
for possible scale change between rest and stress images. Hence, mis- 
registration is one common cause of false diagnosis. 

The project approach selected was creation of a geometric model of an 
ideal heart. This would be accomplished through nonrigid body model 
fitting, while accounting for missing or extra data within the images. 

Approach to the Cardiac Orientation Problem 
The cardiac orientation problem was examined in both two- and three- 

dimensional space. First, the two-dimensional approach was to determine 
the axis through the center of the left ventricle within a given image. An 
initial approach was t o  determine the left ventricular wall via edge detection. 
However, the use of an edge detector does not necessarily determine the edge 
of the myocardial wall due to the “dimness” resulting from ischemic or 
infarcted areas of the heart (Crooks and Fallone 1993). Furthermore, due to 
the low image resolution (at most 20 x 20 x 20 pixels/slice) it was dif6cult to  
resolve anomalies in a robust manner in subsequent processing after edge 
detection. Another attempt was made by using normalized correlation to fit 
an ideal cardiac slice t o  a given image to determine its proper alignment. 
Again, because of low image resolution, the results were very insensitive to 
rotation and thus produced a large set of possible solutions. 

As a final alternative, a method was used that determines the centroid 
of the myocardial walls. Two approaches were exploited. The fist was to use 
the horizontallvertical slices by finding the center of the axis through each 
side of the cardiac wall. Then an axis is drawn to bisect these two axes, and 
theoretically, the bisecting axis should result. However, due to unequal 
thickness of the cardiac wall, a true bisecting axis was not obtained. The 
other approach was to consider the slices along the short axis. The center of 
the wall was determined for each slice and this point is used in conjunction 
with the result from other slices to form the desired axis. Again, due to  the 
low resolution of the image, the result was very sensitive to the noise present 
in the image and did not prove to be a robust method for reorientation 
(Goshtasby et al. 1992). 
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The three-dimensional approach was to determine the principal axis 
and centroid of the image from which an image-to-image alignment of rest 
and stress images would be produced. This method was very sensitive to 
outliers and, unless the images were preprocessed to remove all outliers, the 
proper axis would not be found. Furthermore, true alignment was not 
possible due to the rigid body assumption of the three-dimensional cardiac 
images. 

Approach to the Image Normalization and 
Reg is tra ti on Problems 

One approach to image-to-image registration is two-dimensional 
correlation with rotation adjustments (Figure 3, Regular vs. Normalized 
Correlation Results). The two-dimensional correlation results would then be 
used in conjunction with three-dimensional adjustments to the image to 
achieve minimum image-to-image registration error (Collignon et al. 1994). 

One issue related to two-dimensional correlation is that of 
normalization. Because each set of images are normalized to the hottest 
pixels in the image, the image-to-image correlation may need scaling. 
Normalized correlation adjusts for the need of such scaling at each point of 
correlation. A given window is first normalized before the associated 
correlation operation. The result is more discriminatory and more robust t o  
anomalies within the given set of images. The best correlation result with 
the appropriate rotation would then be used to adjust the three-dimensional 
image. Iterations of such correlation would then be performed on another 
slice of a Werent perspective in order to optimize the fit (Goshatsby et al. 
1992). 

Application of AVS to Align Rest and Stress 
SPECT Volume Pairs 

Advanced Visual Systems (AVS) software modules were used in an 
attempt to  align the volumetric data taken from two different cardiac SPECT 
imaging scans of the same patient. This method was used to allow extensive 
data manipulation, analysis, and visualization. The method uses concepts 
from static rigid body mechanics (Glass 1994). 

Noise in the data presented one of the primary problems when 
applying this procedure (Figure 4). Calculations of the static functions are 
biased because of the noise. Figure 4 shows a set of axes drawn through the 
centroid and aligned with the principal axes using the entire volumetric 
dataset. Some filtering must be done to isolate the cardiac data from the 
noise. 
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A simple threshold filter was implemented as a first attempt to  filter 
the noise. A spatial a t e r  was added whenever high intensity noise was 
encountered outside of a specified radius from the previous centroid location. 
The results of these filtering steps can be seen in Figures 5a and 5b. After 
filtering, the two data sets were s t i l l  offset, indicating the presence of noise. 
Recalculation of the static functions of the heart using the isosurfaces and 
realignment with the updated values improved the alignment (Figures 6a 
and 6b). Repeated recalculations would result in the capability to  examine 
slices through both aligned data sets at  the same spatial location. 

HSI Design Requirements 
Creation of a dynamic, interactive cardiac information platform 

requires an interface that may display information required by routine and 
emergency scenarios, selected by the operator. Critical HSI elements include 
patient risk assessment/history/demographics; current and historical 
reference imagery; and imagery available for overlay and fusion, i.e., 
complementary imagery. Techniques currently considered standard-of-care 
and complementary are coronary angiography (vascular integrity and 
patency); echocardiography (valvular disease and wall motion); and SPECT 
(tissue perfusion and health, i.e., ischemia versus infarct). 
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threshold image of normalized correlation. 
ResuM 3: Correlation result with the original template rotated clockwise 10 degrees. (a) regular correlation result, (b) normalized 
correlation result, (c) threshold image of normalized correlation. 
Result 4: Correlation result with the original template rotated clockwise -10 degrees. (a) regular correlation result, (b) normalized 
correlation result, (c) threshold image of normalized correlation. 
One approach to image-to-image registration is through two-dimensional correlation along with rotation adjustments. The two-dimensional 
correlation results would then be used in conjunction with three-dimensional adjustments to the image to achieve minimum image-to- 
image registration error, One issue related to two-dimensional correlation is that of normalization. Because each set of images is 
normalized to the hottest pixels in the image, the image-to-image correlation may need scaling. Normalized correlation adjusts for the 
need of such scaling at each point of correlation. A given window is first normalized before the associated correlation operation. The 
result Is more discriminatory and more robust to anomalies within the given set of images. The best correlation result with the appropriate 
rotation would then be used to adjust the three-dimensional image, and iterations of such correlation would then be performed on another 
slice of a different perspective in order to optimize the fit. 

Figure 3. Regular vs. Normalized Correlation Results 
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Figure 4. Noise Present in Cardiac Data 
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Figure 5. Results of Initial Noise Filtering Step 
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Figure 6. Results of Final Noise Filtering Step 
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Conclusion 
ATR algorithms, which support interpretation of cardiac radionuclide 

imaging techniques such as SPECT, require feature selection characterized 
by statistical sigdkance, intra-patient variability, and medical diagnostic 
signi&cance. When coupled to knowledge extraction and human factors 
methodologies, these algorithms provide a powerfiil diagnostic tool. Cardiac 
imaging preprocessing tasks that are critical to system performance include 
image-to-image alignment, normalization , and scale differences. 

From this effort, it appears that using static functions for rigid bodies 
for the alignment of cardiac SPECT data pairs and noise filtering will 
achieve reasonable results. AVS can be used in follow-on efforts t o  examine 
slices through both aligned data sets (and the historical reference imagery 
set) at  the same spatial location. Comparison to other techniques for cardiac 
volumetric determination and pair alignment is recommended for future 
work (Moshfeghi et al. 1994; Pretorius et al. 1991; Rusinck et al. 1993). 

However, a neural network approach of ART and a probabilistic approach of 
Bayesian decision network were chosen as strong candidates for this 
problem. These approaches are desirable due to non-linear processing 
capabilities and similarities t o  the human decision-making process. 

key elements of the HSI. Early incorporation of HSI design requirements 
into the engineering effort wi l l  improve user acceptance, information flow, 
and overall system performance. This is a component of future work, which 
deserves continued exploration and integration. 

Further evaluation of feature extraction techniques is recommended. 

A baseline information requirements analysis identified a number of 
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