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Details about the brain

 It is the size of a large grape fruit & weights ~3 pounds
 The basic element of the human brain is neuron,







which is a specific type of cell
There are on the order of 1010 neurons in the brain &
each is connected to 1,000-5,000 other neurons
Brain functions through the numbers neurons & the
multiple connections between them.
Human learn by practice and reinforcement
Knowledge can change as more information is received
But the physical mechanisms of memory and learning
remain a mystery
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Neurons:

A biological
Neuron

Sketch of a neuron

 Basic neuron functions:
– Receives information from other sources
– Process the information
– Transfer the output information
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Neurons(Cont.)

A biological
Neuron

Sketch of a neuron

• Neuron has 4 basic parts;
– Synapse: Electrochemical contacts between the
neurons (~10,000 synapse on a neuron)
– Dendrites: Transfers the impulses to the cell body
– Body (Soma): Processes the incoming signal
– Axon: Sends out the processed signal to other
neuron
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Mathematical Modeling:

Node is model for the biological neuron
Artificial neuron simulates the four basic

functions of biological neuron.

Artificial neurons are much simpler than the

biological neuron

Information flow is one way
xi : Input information
wi : Connection weight
 n
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Possible Transfer functions:
 n

y  f   xi wi 
 i 1


a. Liner funct.

c. Ramp funct.

b. Step funct.

d. Sigmoid
funct.
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Artificial Neural Network Design
Depending on the type of
the problem, ANN designer
needs to answer,
A layered structure or not?

Type of the connections

among the neurons within a
layer & different layers
To decide the way a

neuron receives input and
produces output
Determine the connection

weights or the learning
algorithm

For a satisfactory design

(number of layers and
nodes), error and trial
method works best
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Learning Algoritms
ANN is also defined as machine learning algorithms
Basically learning means adjusting the connection

weights for the most suitable input-output mapping
There are two different types of learning

Supervised learning

Unsupervised Learning

Rely on reinforcement from

Does not rely on reinforcement

the outside

Requires a teacher or training

Does not require a teacher
No sample outputs are

The trainer watches the

performance of the network

provided so the error amount is
not a concern

Desired outputs are provided

 The neural net itself detects

Error amount is a concern

the features and patterns in the
input and develops behaviors
representing different
classifications.
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Back Propagation Algorithm
 A form of supervised learning
 The algorithm is proven highly successful in

training of multilayered neural networks
Parameters:
aki :input

Xi :Input layer nodes

Yi :Hidden layer nodes
Zi : Ouput layer nodes
Bki :true output obs.
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Back Propagation Algorithm (Cont.)
Weightings wji are updated as;
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Back Propagation Algorithm (Cont.)

Weightings vih are updated as;
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ANN are already used in …..
 Financial and economic
prediction (banking and
investment companies)
 signal/image processing
 computer vision
 Scheduling and
planning (transportation
and manufacturing)
 Medical diagnoses
(medical image analysis)

 Fraud detection

 Remote sensing

 Flight control

(insurance and
communications)

 speech/character

recognition

 Expert systems [Industrial

inspection (biscuit bake
inspection system)]

 Robotic processing
 Meteorology
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Automatic weather stations and artificial neural networks:
Improving the instrumental record in West Antarctica
[Reusch and Alley, 2003, Month. Weat. Rew]

 Used ANN to predict 6-hourly AWS surface data
(temperature, pressure) in west Antarctica where the data
is missing/unobserved (interpolation/extrapolation)
 ANN is trained with a calendar year of observed AWS data
( possibly incomplete)
 This methodology is sufficient both for high quality
predictions within the training set and for predictions
outside the training set
 Temperature prediction are approximately equal to those
from a satellite-based methodology but with no exposure
to problems from surface melt events or sensor changes.
 ANN predictions do a better job and do not have the
significant biases that ECMWF predictions have.
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Application of neural networks for the prediction of
hourly mean surface temperatures
[Tasadduq and Bubshait, 2002; Renewable Energy]

 Used ANN to predict hourly mean values f ambient
temperature 24 h in advance.
 Full year hourly values of ambient temperature are
used to train the ANN model

 Only one temperature value is used as input to
predict the temperature for the following day for the
same hour.
 Comparison between prediction and the observation
showed that mean percent deviation is found to be
3.16, 4.17 and 2.83 for three different years.
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Development of a neural network based algorithm
for rainfall estimation from radar observations
[Xiao and Chandrasekar, 1997; IEEE Transactions on
Geosciences and Remote Sensing ]

 ANN is developed for rainfall estimation from radar
measurements
 ANN is trained by using the radar measurements as the
input & ground rain gage measurements as the target output
 The same study is repeated with the parametric estimates
using reflectivity-rainfall relation (Z-R relation), equations
using multi parameter radar measurements such as
reflectivity, differential reflectivity, and specific propagation
phase
 The comparison between the results showed that the rainfall
estimates obtained from neural network are shown to be
better than those obtained from several existing techniques
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Assessment and prediction of tropospheric ozone
concentration levels using artificial neural networks
[Abdul-Wahab and Al-Alawi, 2002; Environmental
Modelling & Software]
 ANN is developed to predict the tropospheric (surface or ground)













ozone concentrations in the lower atmosphere
ANN is preferred versus the diffusion models because of the ability to
be trained using historical data and their capability for modeling
highly non-linear relationships
The network was trained using summer meteorological and air
quality data when the ozone concentrations are the highest
The predictions were found to be consistent with observations.
A partitioning method of the connection weights of the network was
used to study the relative percent contribution of each of the input
variables
The contribution of meteorology on the ozone concentration variation
was found to fall within the range 33.15-40.64%.
It was also found that nitrogen oxide, sulfur dioxide, relative
humidity, non-methane hydrocarbon and nitrogen dioxide have the
most effect on the predicted ozone concentrations.
In addition, temperature played an important role while solar
radiation had a lower effect than expected
17

A neural network for tornado prediction based on
Doppler radar-derived attributes
[Marzban and Stumpf, 1996; J. of Appl. Meteorology]

 ANN has been designed to diagnose which circulations
detected by the National Severe Storms Laboratory's
mesocyclone detection algorithm (MDA) yield tornados
 23 variables characterizing the circulations are
selected to be used as the input nodes
 The output of the network is chosen to be the
existence/nonexistence of tornados, based on ground
observations
 ANN outperforms the rule-based algorithm existing in
the MDA, as well as statistical techniques such as
discriminant analysis and logistic regression
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Air pollution applications


Perez and Reyes(2002) [Atm. Environment]
 Used ANN to predict max PM 10 concentrations next day
 Used meteorological parameters as input
 Used 2 years of data for training(1998 to 2000)
 Percent errors in forecasting the numerical value are of

the order of 20%.

 Perez and Trieer(2001) [Atm. Environment]
 Used ANN to predict NO concentrations several hours in advance
 Used current NO concentrations and meteorological variable s

recorded hourly at a point close to an avenue with heavy traffic
 Compared predictions generated using persistence, linear
regressions and multi layer neural networks
 ANN performed better among the others

 Andretta et. all.(2000) [Neural Computing & Applications]
 Used ANN to forecast SO2 concentration levels in the
industrial area of Ravenna
 Deterministic models (e.g. Gaussian models) fail to explain the
high ground level concentrations
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 ANN performed a better job.

Other applications …..
ANN is also used in fallowing applications,
 Improving snowfall forecasting by diagnosing snow










density
Modeling the thermal dynamics of a building's space
and its heating system
Monitoring the Aurora
Flood forecasting
Daily pan evaporation estimating
Short-term road ice forecasts
Prediction of seeding date (in agriculture)
…
..
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Conclusions & Discussion
 ANN is collection of mathematical models that emulate some









of the observed properties of biological nervous systems
ANN offer ideal solutions to a variety of classification
problems, speech, character and signal recognition,
functional prediction, system modeling, …
ANN performs significantly well where the physical processes
are not understood or are highly complex.
The advantage of ANN lies in their flexibility against
distortion in the input data and their capability of learning
ANN has the ability to be trained by using historical data
ANN is capable of modeling highly non-linear relationships
Variety of transfer functions in the nodes provides a
considerable advantage versus the traditional algorithms
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Questions & Critics
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Literature Review:
In 1943, neurophysiologist Warren McCulloch and
mathematician Walter Pitts wrote a paper on how
neurons might work & modeled a simple neural network
using electrical circuits.
In 1949, Donald Hebb pointed out the fact that neuron

pathways are strengthened each time they are used &
tried to explain how learning takes places in the brain
by proposing a learning algorithm

In 1958, Rosenblatt introduced perceptron model and
its learning algorithm which is the base of the machine

learning methodology today

During 1960’s & 1970’s , improvements were observed
in the models but not able to handle complex problems
Studies got faster at the beginning of the 1980’s by the
discovery of the learning algorithm called back progation

algorithm and refined by Anderson et. all.(1983)

This breakthrough progress also inspired different
types of algorithms and models which are widely used in
many disciplines today
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