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WEDNESDAY. MARCH 29, 1995 

6:OO p.m. - 7 : O O  p.m. 
Registration. 
6:30 p.m. - 9:30 p.m. 

Introduction to Neural Networks (Tutorial). 
P.E. Keller, L.J. Kangas, and S. Hashem. 

THURSDAY. MARCH 30, 1995 

7:30 a.m. - 8:30 a.m. 
Regist ration. 

OPENING SESSION 
8:OO a.m. - 8:05 a.m. 
Workshop opening. R. T .  Kouzes and S. Hashem. 
8:05 a.m. - 8:25 a.m. 
Overview of the Pacific Northwest Laboratory. 
G. L . Work. 
8:25 a.m. - 9:05 a.m. 
Neural Network Models: Insights and Prescrip- 
tions from Practical Applications (invited paper). 
T.  Samad. Honeywell Technology Center, Minneapolis, 
Minnesota, USA. 
Neural networks are no longer just a research topic; numerous 
applications are now testament to their practical utility. In 
many of these applications, neural networks are being used 
as nonlinear empirical models. This presentation will discuss 
some of the lessons learned from studying and developing real- 
world modeling applications. Topics covered include: the ne- 
cessity of intelligent input selection; myths and facts about 
over-generalization; the complexities of neural network design; 
and the relationships between neural networks and other tech- 
nologies. Much of the discussion will be in the context of 
specific applications to energy and the environment. We will 
also identify some of the limitations of the technology, and the 
research that is being pursued towards overcoming them. 

9:05 a.m. - 9:45 a.m. 
Application of Computational Neural Networks 
in Predicting Atmospheric Pollutant Concentra- 
tions due to Fossil-fired Electric Power Genera- 
tion (invited paper). F. El-Hawary. BH Engineering 
Systems & Technical University of Nova Scotia, Halifax, 
Nova Scotia, Canada. 
The paper deals with the problem of predicting pollution con- 
centration levels at  a specific ground location as a result of 
emissions from fossil electric power generation sources. The 
level of pollution concentration depends on physical atmo- 
spheric conditions (such as wind direction andvelocity), stack 
height, plume rise and selected plume dispersion model. In 
addition, source pollution concentration levels depend on the 
active power generation of the units involved. 

We report on work in progress employing the Back- 
propagation model of computational neural networks in order 
to  predict ground level pollution concentration at a specific 
site. The problem formulation allows the user the choice of 
using the neural network as either an alarm processor or as 
a discrete predicting processor. The input pattern consists of 
site coordinates, plume dispersion model parameters relevant 

to the site, atmospheric conditions, and active power condi- 
tions. Computational experiments with test data demonstrate 
that the proposed approach is viable. 

9:45 a.m. - 10:25 a.m. 
Neural Network Analysis for Hazardous Waste 
Charactfirization. M. Misra, L.  Y. Pratt, C. Farris, 
and R.O. Hansen. Colorado School of Mines, Golden, 
Colorado, USA. 
The Dig Face Characterization Project at the Idaho National 
Engineering Laboratory aims to improve the safety of buried 
hazardous waste reclamation by using geophysical data to esti- 
mate the maximum depth to which soil may safely be stripped, 
excavating to that depth, and then repeating the process. 
Thus, very rapid analysis of the data will be required to avoid 
excessive delays in the excavation process. We are develop 
ing a data processing scheme designed to meet those needs. 
First, the data will be interpolated to a regular grid, replacing 
invalid or missing data in the process with interpolated val- 
ues. Second, the data volumes will be reduced to manageable 
dimensions by wavelet processing, discarding portions of the 
wavelet images that correspond primarily to noise. Third, the 
locations and depths of buried objects will be estimated us- 
ing back-propagation neural networks. Input to  the network 
is presented at  multiple resolutions-a small neighboihood of 
highest resolution data along with successively larger neigh- 
borhoods of successively lower resolution wavelet compressed 
data. Simultaneous analysis of multiple geophysical data types 
(such as magnetic and electromagnetic) will be used where 
appropriate to reduce the uncertainties in the estimates and 
possibly to classify the types of sources present. Reduction in 
training time required for new characterization problems will 
be achieved using transfer techniques. 

10:25 a.m. - 10:40 a.m. 
Break. 

ENVIRONMENTAL APPLICATIONS 
10:40 a.m. - 10:50 a.m. 
Overview of the Environmental Molecular Sci- 
ences Laboratory. R. T. Kouzes. 
10:50 a.m. - 11:lO a.m. 
Neural Networks for Nuclear Spectroscopy'. 
P.E. Keller, L.J. Kangas, S. Hashem, and  R.T. Kouzes, 
Pacific Northwest Laboratory, and G.L. Troyer, Westing- 
house Hanford Company, Richland, Washington, USA. 
In this paper two applications of artificial neural networks 
(ANN) in nuclear spectroscopy analysis are discussed. In the 
first application, an ANN assigns quality coefficients to al- 
pha particle energy spectra. These spectra are used to  de- 
tect plutonium contamination in the work environment. The 
quality coefficients represent the levels of spectral degrada- 
tion caused by miscalibration and foreign matter affecting the 
instruments. A set of spectra was labeled with quality coeffi- 
cients by an expert and used to train the ANN expert system. 
Our investigation shows that the expert knowledge of spectral 
quality can be transferred to an ANN system. 

The second application combines a portable gamma-ray 
spectrometer with an ANN. In this system, the ANN is used 
to automatically identify radioactive isotopes in real-time from 
their gamma-ray spectra. Two neural network paradigms are 
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examined: the linear perceptron and the optimal linear asso- 
ciative memory (OLAM). A comparison of the two paradigms 
shows that OLAM is superior to  linear perceptron for this 
application. Both networks have a linear response and are 
useful in determining the composition of an unknown sample 
when the spectrum of the unknown is a linear superposition 
of known spectra. One feature of this technique is that it 
uses the whole spectrum in the identification process instead 
of only the individual photo-peaks. For this reason, it is PO- 
tentially more useful for processing data from lower resolution 
gamma- ray spectrometers. This approach has been success- 
fully tested with data generated by Monte Carlo simulations 
and with field data from both sodium iodide and germanium 
detectors. 

With the ANN approach, the intense computation takes 
place during the training process. Once the network is trained, 
normal operation consists of propagating the data through the 
network, which results in rapid identification of samples. This 
approach is useful in situations that require fast response but 
where precise quantification is less important. 

11:lO a.m. - 11:30 a.m. 
A Hybrid Neural Network Structure for Ap- 
plication to Nondestructive TRU Waste Assay. 
G. Becker, Idaho National Engineering Laboratory, Idaho 
Falls, Idaho, USA. 
The determination of transuranic (TRU) and associated ra- 
dioactive material quantities entrained in waste forms is a 
necessary component of waste characterization. Measurement 
performance requirements are specified in the National TRU 
Waste Characterization Program quality assurance plan for 
which compliance must be demonstrated prior to the disposi- 
tion of waste. The existing TRU nondestructive waste assay 
(NDA) capability is inadequate for a significant fraction of the 
DOE complex inventory. This is a result of the general appli- 
cation of safeguard type measurement and calibration schemes 
to a waste from inventory that possesses characteristics which 
are in many cases incompatible with such techniques. 

It it therefore necessary to supplement or perhaps restruc- 
ture the perceived solution and approach to the waste NDA 
problem. This first step is to realize the complexity of 
the waste matrix/source configurations existing in inventory. 
Once defined and/or bounded a conceptual method must be 
developed which specifies the necessary tools and the frame- 
work in which they are used. A promising framework is a 
hybridized neural network structure. 

Presented are some typical complications associated with 
conventional waste NDA techniques and how improvements 
can be obtained through the application of neural networks. 
A general data acquisition, preprocessing, and training scheme 
employing staged self organizing and supervised learning 
paradigms is also discussed. Additionally the role and in- 
terface of rule-based expert systems within the framework is 
explored. 

11:30 a.m. - 11:50 a.m. 
Application of Neural Networks to Determine 
Moisture Content on Humidity- Attenuated NIR 
Spectra. T. Lopez, Westinghouse Hanford Company, 
and B. L. Philipp, ICF Kaiser, Richland, Washington, 
UTA. 
Moisture has been identified as one of the critical tank waste 
parameters that impacts the safety status of the wastes, par- 
ticularly tanks containing ferro/ferricyanide materials. Since 
water content is affected by a number of factors, including 
gravity, one hypothesis, currently being tested by Waste Tank 
Safety, is that the surface of the waste contains a minimum of 

water compared to the material deeper in the tank. Assum- 
ing this hypothesis is correct, a minimum internal waste water 
content wiU be obtained by measuring the surface water con- 
tent. Near infrared analysis is a nondestructive technique that 
takes advantage of the tendency of water molecules to absorb 
specific wavelengths of NIR energy. When a sample contain- 
ing water is exposed to those wavelengths, a certain portion 
of theenexgy will be absorbed by the water, and the remain- 
der will be reflected. By measuring the reflected energy, the 
concentration of water in the sample can be determined. 

An initial investigation into the feasibility of remote sensing 
for hot cell and waste tank applications was performed at the 
University of Washington’s Center for Process and Analytical 
Chemistry (CPAC) under the direction of Westinghouse Han- 
ford Company. The tank BY-104 simulant test data showed 
that for these samples, 10 percent of the incident radiation 
is scattered. When collected, this signal is available for de- 
termining moisture content because the moisture content of 
the waste affects the scattering. However, atmospheric rela- 
tive humidity causes a signal attenuation that wiU impact any 
in-situ measurements being obtained. 

For simulation, this spectra was used along with software- 
generated atmospheric transmission data from 0-60 meters to 
produce a modified sample set. This data was analyzed using 
the Propagator neural network program to construct a model 
that would predict surface moisture content. Predicted results 
are compared to moisture values generated using a partial least 
squares (PLS) algorithm. 

11:50 a.m. - 12:lO p.m. 

Fluorescent Diagnostics of Organic Pollution in 
Natural Waters: A Neural Network Approach. 
Yu. V. Orlov, I. G. Persaantseu, and S.P. Rebrik, Moscow 
State Uniuersaty, MOSCOW, Russia; and S.M. Babichenko, 
Instzt ut e of Ecology, Estonia . 
Rapid diagnosis of pollution is one of the key tasks in the 
field of ecological monitoring of natural and technogeneous 
environment. One promising method of fluorescent diagno- 
sis of organic pollution in water environment is the regis- 
tration and analysis of two-dimensional spectral fluorescent . 
signatures (SFS), which are formed as matrices of emission 
intensity recorded in coordinates of excitation and emission 
wavelengths. However, the analysis of SFS is hampered by 
the following: 

1. Camouflaging of the pollutant spectrum by the Dissolved 
Organic Matter (DOM) spectrum which depends on the 
season and on the geographical location; 

2. The dependence of the SFS shape on concentrations of 
the pollutant and DOM. 

The Neural Net (NN) - based system suggested in this paper 
uses SFS as input pattern and allows one to build a rapid 
diagnosis system for ecological monitoring. 

The system is able to detect and to classify organic pollution 
in natural and technogeneous environment. The performance 
of the system is made insensitive to the DOM spectrum vari- 
ations. The system gives an adequate answer to presentation 
of SFS corresponding to mixtures of pollutants. 

Following the suggested approach, the system can work in 
either of the two modes: 

1. It can detect. “stress” conditions of the environment, 
namely, detect that technogeneous pollution exceeds a 
predetermined level. In this case the system gives a qual- 
itative answer (yes/no) and pollutant classification is not 
performed. 

2. It  can, if necessary, identify the pollutant(s) and measure 
it’s concentration. Pollution classification is performed 
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either on the basis of “generalized” classes of pollutants 
(phenols, light oil products, medium oil products, lubri- 
cants) or on the basis of end-user library of possible pol- 
lutants. 

For “generalized” classes, the system is able to classify up 
to quadruple mixture of pollutants from different classes, and 
concentrations of the pollutants in the mixture are determined 
by a linear NN that is selected according to the detected com- 
bination of classes. 

If the system is configured to  work on the basis of end- 
user library, it becomes possible to identify a pollutant. After 
rough classification into broad classes, pollutant identification 
within a previously determined class is made by a NN cor- 
responding to  the given class. Finally, concentration of the 
pollutant is determined by a linear N N  corresponding to the 
identified pollutant. For this multistage process a set of NNs 
arranged in a hierarchical tree-like structure can be used. 

A l l  NNs used in the suggested system are multi-layer per- 
ceptrons. Training is based on the method of gradual compli- 
cation of the task: first, NN is trained to recognize mixtures 
containing pollutants at high concentration, then, concentra- 
tion of pollutants in the presented mixtures becomes lower and 
lower. The training proceeds while the NN is‘able to maintain 
its performance at the acceptable level. 

Depending on the amount of DOM concentration, one may 
distinguish two extreme cases of utilization of the suggested 
system: 

1. At low DOM concentrations (e.g. during control of open 
sea oil-wells) the system should detect very low or trace 
concentrations of a pollutant; 

2. At high DOM concentrations that correspond, as a rule, 
to the situations of moderately or highly polluted wa- 
ters (e.g. at initial stages of sewage treatment) the sys- 
tem should determine pollution components (presented 
generally at relatively high concentrations) as well as to 
detect dangerously high DOM concentrations. 

Future development of the system comprises automatic deter- 
mination of optimal separation of pollutants into classes used 
by hierarchical structure, and automatic adjustment of an ex- 
isting structure to  end-user library expansion. 

12:lO p.m. - 1:00 p.m. 
Lunch. 

1:00 p.m. - 1:20 p.m. 

Reliability and Risk Analysis Using Artificial 
Neural Networks. D. Robinson. Sandza National Lab- 
oratories, Albuquerque, New Mexico, USA. 
Researchers at  Sandia National Laboratories have recently 
completed initial investigations into the application of arti- 
ficial neural networks for reliability and risk analysis. These 
researchers are using neural networks to provide an abstract 
representation of a complex system where, for a number of 
reasons, classical response surface methods may be difficult to 
apply. The inputs to the model are parameters describing sys- 
tem characteristics and the output is the level of system perfor- 
mance. The ANN model is then used to describe the boundary 
between acceptable (safe) and unacceptable (unsafe) system 
configurations. However, since there are inherent uncertain- 
ties associated with the input parameters, these uncertainties 
are translated into uncertainty in the performance of the sys- 
tem. Preliminary research has concentrated on characterizing 
the input uncertainties as random variables and, using infor- 
mation available internally to the ANN, translate these to a 
characterization of the output as a random variable. The most 

recent application of this methodology involves the compari- 
son of various low-residue, lead-free soldering processes with 
the desire to minimize the associated waste streams with no 
reduction in product reliability. Preliminary results will be 
presented including a comparison with more traditional meth- 
ods of analysis. 

1:20 p . d  - 1:40 p:m. 

Electronic Noses and Their Applications’. 
S. Hashem, P.E. Keller, R. T. Kouzes, and I;. J. Kangas. 
Pacific Northwest Laboratory, Richland, Washington, 
USA. 
Compact, portable systems capable of quickly identifying con- 
taminants in the field are of great importance when monitoring 
the environment. In this paper, we examine the effectiveness 
of using artificial neural networks for real-time data analysis 
of a sensor array. Analyzing the sensor data in parallel may al- 
low for rapid identification of contaminants in the field without 
requiring highly selective individual sensors. We use a proto- 
type sensor array that consists of nine tin-oxide Taguchi-type 
sensors, a temperature sensor, and a humidity sensor. We il- 
lustrate that by using neural network based analysis of the 
sensor data, the selectivity of the sensor array may be signifi- 
cantly improved, especially when some (or all) the sensors are 
not highly selective. 

1:40 p.m. - 2:30 p.m. 

Panel Discussion on Environmental Applications. 

2:30 p.m. - 2:45 p.m. 
Break. 

ENERGY APPLICATIONS 
2:45 p.m. - 3:OO p.m. 

Introduction and Overview of the Energy Tech- 
nology Development Initiative. B. F. SaffeZl, 
R.C. Stratton, K.L. Gaustad, and S. Hashem 
3:OO p.m. - 3:40 p.m. 

Investigation of Neural-Net Based Control Strate- 
gies for Improved Power System Dynamic Perfor- 
mance (invited paper). D. Sobajic. Electnc Power 
Research Institute, Palo Alto, Calafornaa, USA. 
The ability to accurately predict the behavior of a dynamic 
system is of essential importance in monitoring and control of 
complex processes. In this regard recent advances in neural- 
net based system identification represent a significant step to- 
ward development and design of a new generation of control 
tools for increased system performance and reliability. The en- 
abling functionality is the one of accurate representation of a 
model of a nonlinear and nonstationary dynamic system. This 
functionality provides valuable new opportunities including: 

1. The ability to predict future system behavior on the basis 

2. On-line evaluation and display of system performance 

3. Controller optimization for improved system perfor- 

of actual system observations, 

and design of early warning systems, and 

mance. 
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In this presentation, we discuss the issues involved in defini- 
tion and design of learning control systems and their impact 
on power system control. Several numerical examples are pro- 
vided for illustrative purpose. 

3:40 p.m. - 4:OO p.m. 
Feasibility of using Adaptive Logic Networks to 
Predict Compressor Unit Failure. W. W. Armstrong, 
C. Chu, and M.M. Thomas. Dendronic Decisions Ltd., 
Edmonton, Alberta, Canada. 
In this study, an adaptive logic network (ALN) was trained 
to predict failures of gas-turbine-powered compressor units. 
Data on a large number of parameters measured during oper- 
ation was first analyzed to reduce the number of parameters. 
A fuzzy set was defined to  indicate the degree to which the 
remaining twenty-dimensional vectors of measurements indi- 
cated “normal operation.” Adaptive logic networks are ar- 
tificial neural networks that can learn a piecewise linear ap- 
proximation of a function based on sample data and quali- 
tative knowledge about the function. The user can impose 
constraints on monotonicity, slopes and coqvexity of an ap- 
proximant in selected regions of the input space. By using 
ALNs it was possible in this application to impose a simple 
constraint on the fuzzy set to  force the result of Iearning to be 
similar to a Gaussian distribution in shape. 

4:OO p.m. - 4:20 p.m. 
Stochastic Modeling Hints for Neural Network 
Prediction. R. Drossu and 2. ObradoviC. Washington 
State University, Pullman, Washington, USA. 
The objective of this paper is to investigate the relation- 
ship between stochastic models and neural network (NN) ap- 
proaches to time series modeling. Experiments on a complex 
real life prediction problem (entertainment video traffic) in- 
dicate that the initial knowledge obtained through stochastic 
analysis provides a good hint for the selection of the appropri- 
ate NN architecture. An improvement of the obtained N N  pre- 
dictor is also proposed through a bias removal post-processing, 
resulting in much better performance than the best stochastic 
model. 

4:20 p.m. - 4:40 p.m. 
Near and Long-Term Load Prediction Using Ra- 
dial Basis Function Networks. M. F. Hancock. 
CSI Corporation (Melbourne, Florida) & Rollins College 
(Winter Park, Florida), USA. 
A number of researchers have investigated the application of 
multi-layer perceptrons (MLP’s), a variety of neural network, 
to  the problem of short-term load forecasting for electric util- 
ities (e.g., Rabham & Hazin, IEEE Transactions on Power 
Systems, May 1993). “Short-term” in this context typically 
means “next day.” These forecasts have been based upon pre- 
vious day actual loads and meteorological factors (e.g., max- 
min temperature, relative humidity). 

We describe the application of radial basis function net- 
works (RBF’s) to the “long-term” (next year) load forecast- 
ing problem. The RBF network performs a two-stage classi- 
fication based upon annual average loads and meteorological 
data. During stage 1, supervised clustering is performed using 
radius-limited elements to  maximize a goal function called the 
“disambiguity”. During stage 2, a multi-layer perceptron may 
be trained to “disambiguate” each cluster. 

This work uses 12 months of hourly meteorological data, 
and the corresponding hourly load data for both commercial 
and residential feeders. At the current stage of development, 

the RBF machine can train on 20% of the weather/load data 
(simple linear sample), and estimate the hourly load for an en- 
tire year (8760 data points) with 9.1% error (RMS relative to 
daily peak load). The best short-term load forecaster operate 
in the 2% error range. The current system is an engineering 
prototype, and development is continuing. 

More significant than the present (modest) performance fig- 
ures are the techniques being used for development. Of par- 
ticular importance are: 

the RBF paradigm and “safe interpolation” 

0 taxonomic clustering of data 

data coding and quantization. 

4:40 p.m. - 5:OO p.m. 

An Approach to Distribution Short-Term Load 
Forecasting. R. C. Stratton and K.L. Gaustad, Pacific 
Northwest Laboratory, Rzchland, Washington, USA. 

A number of recent developments have resulted in new chal- 
lenges to the electric power industry. Among the most in- 
fluential developments are increased power flow on existing 
systems, the expansion of Distributed Automation and De- 
mand Side Management (DA/DSM) activities, deregulation, 
and the installation of generation at the distribution level. 
Each of these factors create new constraints on the design, op- 
eration, and maintenance requirements of the power system. 
Automation technologies will play a major role in providing 
advanced capabilities that satisfy these new requirements and 
in many cases the focus will be in real-time information de- 
velopment and processing. The Pacific Northwest Laboratory 
has an on going research activity to develop advanced automa- 
tion capabilities for power industry needs. The Distribution 
Short-Term Load Forecaster (DSTLF) is one of the capabili- 
ties being developed as a part of this research activity. 

This paper reports on the developments and findings of the 
DSTLF research activity. The DSTLF consists of three ma- 
jor components: monitored endpoint load forecaster (MELF), 
non-monitored endpoint load forecaster (NELF), and Topo- 
logical Integration Forecaster (TIF) . These components inter- 
act to provide short-term forecasts at various points in the dis- 
tribution system, i.e., feeder, line section, and endpoint. This 
paper discusses the DSTLF methodology and MELF compo- 
nent. MELF is based on artificial neural network technology 
and predicts distribution endpoint loads an hour, a day, and a 
week in advanced. Predictions are developed using time, cal- 
endar, historical, and weather data. The overall DSTLF ar- 
chitecture and MELF module, for office endpoints, have been 
developed. Future work will be focused on refining and ex- 
tending MELF and developing NELF and TIF capabilities. 

, 

5:OO p.m. - 6:OO p.m. 

Break. 

6 : O O  p.m. - 9:00 p.m. 

Dinner at the Best Western-Tower Inn. 

FRIDAY, MARCH 31, 1995 

8 : O O  a.m. - 8:lO a.m. 

Workshop announcements. 
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8:lO a.m. - 8:50 a.m. 

Twin Signal Signature Sensing: Application to 
Shorted Winding Monitoring, Detection and 
Localization (invited paper). R. J .  Marks 11, 
M.A. El-Sharkawi, R. J .  Streifel, and I. Kerszenbaum. 
University of  Washingion, Seattle, Washington, USA. 
Using twin signal signature sensing, we propose a method to 
monitor, detect, and localize shorts in power system devices 
with windings - including rotors, transformers and motors. 
There has, to date, been no effective way to do so. The most 
obvious approach, time domain reflectometry, fails due to the 
reactive coupling in the windings. Twin signal signature sens- 
ing of shorts results from identical signals being simultane- 
ously injected in both sides of the windings. The monitoring 
of the evolution of the signature signals, development of wind- 
ing shorts can be diagnosed through the process of novelty 
detection. Windings who have had their shorts previously fin- 
gerprinted can be subjected to tests to  localize the shorts. The 
standard layered perceptron neural network appears ideal to 
make these decisions. Preliminary work, performed on both 
downed and rotating loaded rotors, has been quite promising 
in demonstrating the effectiveness of the twin signal signature 
sensing approach to winding short evolution monitoring. 

8:50 a.m. - 9:lO a.m. 
The Hybrid-Paradigm Conception of Ongoing 
or Outlined Sequel Projects to FUELCON: A 
Concentric Attack on the Nuclear-Fuel On-line 
Management Problem. A. Galperin, Ben- Gurion 
University, Beer-Sheva, Israel, E. Nissan, The Uni- 
versity of Greenwich, London, United Ir‘angdom, and 
H. Siegelmann, The Technion, Haifa,  Israel. 
The FUELCON project, in its previous phases, yielded a 
fully functional expert system for a task, in-core fuel man- 
agement or fuel reload design, in nuclear engineering. A rule- 
based component generates alternative configurations of how 
to reload fuel units into a grid: the reactor core. The output 
is simulated by NOXER, a component that a sequel project 
is remaking in terms of neural prediction. Moreover, another 
sequel project contributes to machine learning: from session 
to session, the domain expert used to revise the ruleset to test 
improved heuristics, in an interactive discovery process; now, 
a new, neural component has been designed for having the 
ruleset revised automatically. Meanwhile, a doctoral student 
of ours, Jun Zhao, is developing an alternative to the rule- 
based generation and simulation components of FUELCON: 
he has obtained good results by means of genetic algorithms 
(GA). One innovation in FUELCON, with respect to other 
tools, is that FUELCON does not confine itself to the a d a p  
tation of given solutions. (Other extant tools, and also the 
GA version, do, instead.) FUELCON generates, ex nihilo not 
just one, but hundreds of alternative configurations per ses- 
sion: the criteria of admissibility are expressed by heuristic 
rules that are either mandatory and appear in aD formula- 
tions of the ruleset (these are rules meant to ensure safety), 
or optional, such that express a policy. Once the generator of 
configurations produces its output, they are fed into a simula- 
tor that visualizes them as a cloud of dots in the plane of two 
parameters. Actually, the simulator considers more parame- 
ters: they allow to screen out inadmissible configurations that 
the ruleset did generate, because it does not take into account 
all of possible considerations. According to the position of the 
dot standing for a given configuration, in the plane, the user is 
able to assess how safe and how effective that particular con- 
figuration is. The practitioner may be satisfied with picking 
one of the good configurations. Instead, the domain expert 
uses FUELCON in order to explore the search space, and dis- 

cover new families of configurations, unsuspected hitherto and 
thus not reported in the specialized literature. Whereas the 
human expert carries out ruleset revision manually, the neu- 
ral ruleset-reviser has the task of doing that automatically. 
Therefore, it makes it possible to complete the automation of 
a discovery cycle. The neural component was conceived by 
using NEL, a symbolic-to-neural programming language and 
conversion< schema. I 

. 

9:lO a.m. - 9:30 a.m. 
Design of a Hybrid Wind Power Storage and Gen- 
eration System for a Remote Community. 
S.S. Devgan and D.R. Walker, Jr. Tennessee State Uni- 
versity, Nashville, Tennessee, USA. 
There are thousands of small communities in the various parts 
of the world, even in developed countries, that are too far away 
to  be economically connected to an electric supply system. 
Fresh clean water is essential for health and well being and 
electric energy is essential for economic development. This 
paper describes the design of a “hybrid” Wind/Diesel Power 
Generation and Storage System, and the electric power dis- 
tribution system for a small rural community of 50 persons 
and live stock. The most cost effective and reliable system 
designed to  satisfy reasonable growth over the next five years 
consists of ten IO-kW wind turbines, a 30-kWh storage battery 
and, a 17.5-kW backup diesel generator. 

The paper will also describe efforts to train a neural network 
to predict wind power over the next time interval. This is very 
essential for significant penetration of wind power systems. 

9:30 a.m. - 10:20 a.m. 
Panel Discussion on Energy Applications. 
10:20 a.m. - 10:40 a.m. 
Break. 

BIOMEDICAL APPLICATIONS 
10:40 a.m. - 10:50 a.m. 
Introduction and overview of the Medical Tech- 
nologies and Systems Initiative. B.A. Fechi, 
P.E. Keller, and L. J. Kangas. 
10:50 a.m. - 11:30 a.m. 
The Importance of Artificial Neural Networks in 
Biomedicine (invited paper). I?. B. Burke. New York 
Medical College, Valhalla, New York, USA. 
The future explanatory power in biomedicine resides at 
the molecular-genetic level of analysis (rather than the 
epidemiologic-demographic or anatomic-cellular levels). This 
is the level of complex systems. Complex systems are charac- 
terized by nonlinearity and complex interactions. It is difficult 
for traditional statistical methods to  capture complex systems 
because traditional methods attempt to find the model that 
best fits the statistician’s understanding of the phenomenon; 
complex systems are difficult to understand and therefore dif- 
ficult to fit with a simple model. Artificial neural networks 
are nonparametric regression models. They can capture any 
phenomena, to any degree of accuracy (depending on the ad- 
equacy of the data and the power of the predictors), without 
prior knowledge of the phenomena. Further, artificial neural 
networks can be represented, not only as formulae, but also as 
graphical models. Graphical models can improve the manipu- 
lation, and understanding, of statistical structures. Artificial 
neural networks are a powerful method for capturing complex 
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phenomena, but their use requires a paradigm shift, from ex- 
ploratory analysis of the data to exploratory analysis of the 
model. 

11:30 a.m. - 12:lO p.m. . 
Adaptive Logic Networks in Rehabilitation (in- 
vited paper). W. W. Amstrong, A.  Kostou, R.B. Stein, 
and M.M. Thomas. Dendronic Decisions Ltd., Edrnon- 
ton, Alberta, Canada. 
Patients with incomplete spinal cord injury are often left at 
least partially paralyzed and unable to walk normally. Elec- 
trical stimulation has been used to  act upon nerves or muscles 
so that such persons can achieve functional walking. They use 
crutches or a mobile walker for support and can initiate elec- 
trical stimulation to  cause movement of the legs by pressing 
buttons. Artificial intelligence techniques are now making it 
possible to initiate stimulation automatically. Measurements 
providing information about the person's body and limb po- 
sitions together with samples of correct stimulation given by 
the patient or a therapist provide the basis for machine learn- 
ing. As the possibilities grow for implanting pore  sensors and 
more stimulation channels, the need is increasing for power- 
fuI learning systems which can automatically develop effective 
and safe control algorithms for functional electrical stimula- 
tion in walking prostheses. This talk will show how adaptive 
logic networks (ALNs) have been used in developing an exper- 
imental walking prosthesis which was tested in a laboratory 
setting. The emphasis will be on the underlying principles of 
ALNs, the learning of relationships rather than functions, the 
use of qualitative knowledge to constrain the piecewise linear 
and continuous result of learning, and the conversion of the re- 
sult to a functional computation in the form of a decision tree 
(DTREE). The DTREE creates a partition of the input space 
such that, in each block of the partition, only a small number 
of linear expressions have to be evaluated to  compute each 
output value. This leads to a computation that is fast even 
on microprocessors and which can be checked for conformity 
to a specification everywhere in the input space. 

12:lO p.m. - 1:00 p.m. 
Lunch. 

1:00 p.m. - 1:40 p.m. 
Synthesize, Optimize, Analyze, Repeat (SOAR): 
Application Of Neural Network Tools To ECG Pa- 
tient Monitoring (invited paper). R.L. Watrous, 
G. Towell, and M.S. Glassman. Siemens Corporate Re- 
search, Princeton, New Jersey, USA. 
Results of the application of tools for synthesizing, optimizing 
and analyzing neural networks to an ECG Patient Monitoring 
task are reported. A neural network which was synthesized 
from a rule-based classifier and optimized reduced the classi- 
fication error rate by a factor of 2. When analyzed and sim- 
plified by a factor of 40%, the network maintained the same 
level of performance. 

1:40 p.m. - 2:OO p.m. 
Diagnostic System for Detection and Analy- 
sis of Auditory Evoked Potentials. Yu.V. Orlou, 
I.G. Persiantsev, S.P. Rebrik, A.A. Deuiatou, 
Ju.S. Shugai, and A .  V. Kurganskij. Moscow State Uni- 
versity, MOSCOW, Russia. 
The diagnostic system using artificial neural nets (ANN) for 
an objective hearing loss examination of humans by the audi- 

tory evoked potentials (EP) method, has been developed and 
tested. 

For waveform preprocessing, an ANN-based filter was de- 
veloped. The filter enhances clinically important EP peaks 
and suppresses random spikes that are not related to brain 
response on the stimulation. 

To implement an automatic detection of hearing threshold, 
two methods are suggested: one utilizing brainstem auditory 
evoked responses (BAER), and the other utilizing cortex long 
latency responses (LLR). 

For the BAER method, a set of curves recorded at  different 
stimulus intensities is presented to the network simultaneously. 
Each output neuron in this case is trained to detect the EP at 
a specific stimulus intensity. Hearing threshold is determined 
by processing of the activities of output neurons by special 
threshold function. 

For the LLR method, the net determines EP amplitude for 
each curve out of a set of curves recorded at different stimu- 
lus intensities. Then the dependency of the EP amplitude on 
stimulus intensity is approximated by a sigmoid-shaped func- 
tion. Sound pressure corresponding to the point of inflection 
is interpreted as the threshold value. 

The diagnostic system was tested on the clinical database. 
It was demonstrated that the diagnostic system allows to re- 
duce required number of data accumulations significantly and 
consequently to reduce overall examination time. Also imple- 
mentation of automatic procedure of patient examination was 
shown to be possible. 

The developed approach may be used for brain monitoring, 
and it may be also applied to other types of EPs and event- 
related responses. Suggested methods of automatic hearing 
threshold detection make it possible to  implement an adaptive 
procedure of patient examination. 

2:OO p.m. - 2:20 p.m. 

Diagnosing Coronary Artery Disease with a Back- 
propagation Neural Network: Lessons Learned3. 
D. D. Turner, Pacijic Northwest Laboratory, Richland, 
Washangton, USA, and E.R. Holmes, III, Sacred Heart 
Medical Center, Spokane, Washington, USA. 
The SPECT (single photon emitted computed tomography) 
procedure, while widely used for diagnosing coronary artery 
disease, is not a perfect technology. We have investigated us- 
ing a backpropagation neural network to diagnose patients suf- 
fering from coronary artery disease that is independent from 
the SPECT procedure. 

The raw thallium-201 scintigrams produced before the 
SPECT tomographic reconstruction were used as input pat- 
terns for the backpropagation neural network, and the diag- 
noses resulting mainly from cardiac catheterizations as the 
desired outputs for each pattern. Several preprocessing tech- 
niques were applied to the scintigrams, in an attempt to im- 
prove the information-to-noise ratio. After using a procedure 
that extracted a subimage containing the heart from each 
scintigram, we used a data reduction technique, thereby en- 
coding the scintigram in 12 values, which were the inputs to 
the backpropagation. neural network. 

The network was then trained. This network performed 
superbly for patients suffering from inferolateral disease (clas- 
sifying 10 out of 10 correctly), but performance was less than 
optimal for cases involving other coronary zones. 

Several conclusions are of interest for anyone attempting to 
use neural networks as diagnostic tools. The main conclusion 
is that the network will perform in direct relation to the qual- 
ity of the training set. The training set should be uniformly 

3PNL Document Number: PNL-SA-25114 S. 
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distributed throughout the pattern space, and for medical ap- 
plications, this requires a large number of input patterns. 

While the scope of this project was limited to diagnosing 
coronary artery disease, this initial work can be extended to 
other medical imaging procedures, such as diagnosing breast 
cancer from a mammogram and evaluating lung perfusion 
studies. 

2:20 p.m. - 2:40 p.m. 

Reduction of a Network of Voltage Gated Con- 
ductance Equations to a One-Dimensional Map. 
T. LoFaro. Washington State University, Pullman, 
Washington, USA. 
We discuss a method by which the dynamics of a network of 
coupled neurons can be captured in a one-dimensional map. 
The network consists of a pair of neurons, one of which is an 
endogenous burster and the other excitable but not bursting in 
the absence of phasic input. The reduction is accomplished by 
decomposing the flow into subsystems each of which operates 
on a distinct timescale. By using the existence of fast and 
slow timescales we are able to capture the dynamics in a one 
dimensional map. We illustrate this technique on a model 
network to  show how ionic and network properties determine 
network output. 

2:40 p.m. - 3:OO p.m. 
Estimating Dollar-Value Outcomes of Workman’s 
Compensation Claims Using Radial Basis E’unc- 
tion Networks. M.F. Hancock. CSI Corporalion 
(Melbourne, Florida) & Rallins College (Winter Park, 
Florida), USA. 
The National Council on Compensation Insurance (NCCI) 
maintains a national database of workers’ compensation 
claims. We consider whether a radial basis function network 
(RBF) can predict the total dollar value of a claim based upon 
medical and demographic indicators (MDI’s). This work used 
data from 12,130 workers’ compensation claims collected over 
a period of four years from the state of New Mexico. 

Two problems were addressed: 
1. How well can the total incurred medical expense for all 

claims be predicted from available MDI’s? For individual 
claims? 

2. How well can the duration of disability be predicted from 
available MDI’s? 

Single-factor bayesian analysis, scientific visualization tech- 
niques, and covariance measures showed low cross-correlation 
of most factors. 

The available features intuitively correlated with total med- 
ical cost were selected, including type of injury, part of body 
injured, person’s age at  time of injury, gender, marital status, 
etc. These features were statistically standardized and sorted 
by correlation with outcome valuation. Principal component 
analysis was applied (Karhunen-Loeve). 

A radial basis function neural network was applied to the 
feature sets in both supervised and unsupervised training 
modes. 

For sets used in training, individual case valuations could 
consistently be predicted to  within $1000 over 98% of the time. 
For these sets, it was possible to  predict total medical expense 
for the training sets themselves to  within 10%. When applied 
as blind tests against sets which were not part of the training 
data, the prediction was within 15% on the whole sets. Results 
on individual cases were very poor: in only 30% of the cases 
were the predictions for the training sets within $1000 of their 
actual valuations. 

Single-factor analysis suggested that the presence of an at- 
torney strongly decorrelated the data. A simple stratification 
was performed to remove cases involving attorneys and con- 
tested claims, and the procedures above repeated. (Note: the 
trained machine could correctly predict the involvement of an 
attorney over 80% of the time.) 

Preliminary results based upon the very limited effort ap- 
plied indicate that NCCI data support RBF population esti- 
mates, but‘ not case-by-case estimates. However, more can be 
done with the supplied data set, particularly with respect to 
additional stratification and feature enhancement. 

3:OO p.m. - 3:20 p.m. 
Break. 

3:20 p.m. - 3:40 p.m. 
Cardiovascular Modeling and Diagnostics4. 
L. J. Kangas, P.E. Keller, S. Hashem, and R. T. Kouzes, 
Pacific Northwest Laboratory, Richland, Washington, 
USA; and P.A .  Allen, Life Link, Richland, Washington, 
USA. 
In this presentation, the Adaptive Life Simulator (ALS) is 
introduced. ALS is a tool, implemented in software, used to 
further medical technology. ALS exhibits a subset of the true 
cardiovascular behavior of an individual. 

ALS is a model of one individual’s Cardiovascular system 
as seen through the relationships among heart rate, systolic 
and diastolic blood pressures, breathing rate, ambient tem- 
perature, and physical activity. The simulator learns the rela- 
tionships among these variables for an individual at different 
levels of physical activity. 

ALS receives data from an individual through biomedical 
sensors during an adaptation phase. After it has adapted to 
an individual, ALS can generate the appropriate life sign lev- 
els of heart rate, systolic and diastolic blood pressures, and 
breathing rate, in response to simulations of varying levels of 
physical activity. Because the life simulator adapts to an in- 
dividual, it becomes a model of the physical condition of that 
individual. As such, it can be employed in “what-if’’ medical 
scenarios, in evaluation of physical conditions, and in diagnos- 
ing physical changes. 

A simulator of this type is envisioned to serve two broad ar- 
eas. First, it assists in personal health diagnostic systems for 
continuous diagnosis of health and for periodic clinical tests, 
such as stress tests of the cardiovascular system. Second, it 
models human life as needed in, for example, education re- 
lated to the human body and as a controller for medical man- 
nequins. 

3:40 p.m. - 4:30 p.m. 
Panel Discussion on Biomedical Applications. 
4:30 p.m. - 5:OO p.m. 
Wrap Up and Concluding Remarks. S. Hashem. 

4PNL Document Number: PNL-SA-24960 A. 
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