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J Biological Neurons e Artificial Neurons

-..--—-"" Threshold function

Neural Network
Neuron

Weight 1 Weight 2

i Synaptic terminal Input 1

Input 2
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Biological Neural Network Artificial Neural Network

Soma Neuron
Dendrite Input

Axon Output
Synapse Weight

Input Signals
Output Signals

Middle Layer
Input Layer Output Layer
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a = purelin(n) a = hardlimin)

Log sigmoid transfer function | Tan sigmoid transfer function

L

a = fﬂg.i‘fg{'ﬂj a = tansig(n)
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Input  Layer of Neurons

Where. ..

R = number of
elements in
input vector

S = number of
neurons in layer

a=f (Wp+h)
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Input Layer 1
NS

it

NIV ERN

al = f1{IWL1p +b1) a2 = f2(LWuia: +b2) as =F3 (LW:2a2+b3)

a: =3 (LW:2 £2 (LW (IWuip +b1)+ b2)-b3)
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(learning methods ) ¢, 5oL ig, ©
(Fixed weight) <ol 59 —
Self-Organized L, (Unsupervised) < s g0 (6,50l —
Supervised) o, e g Sob —
(Reinforcement ) 45 6,50l —



www.powersim.ir

PowerSim.ir
click here! e e T IR

5 g wis SlbaSuw 3 oolaiw! bt o

*
.0 * * .
* o 9 W * *

Silge Sh3lo

Uz ol o o9 plie

>0 —(899,5 03ld 5,55 &S ol - Curve Fitting
oold cod |y hloasay aS 4 ylo

9 —609,9 aaly hogS g allla 4SS (g ke o)l
.QX.ISL;O ‘%’ ‘)



www.powersim.ir

PowerSim.ir
click here! e e T IR

5 guan was s A yo OYLail £l

(SstehFeed forward

o)f a5 ol LS’YL@‘ J.cl.w 9 0oy 89.: LJ"‘ )‘ l d.i.auv.) 6[.@&.:9;..: 89.: Oy i
O 5 el Y gy 5l Oledbl .l o Jato ol Y 4 ]y pl-) LY sl

Db oo ylal g piy jelay SYL Y (gledg

(Sslus) Recurrent L Feed back
Dgd oo Soad ol aY gleds s a YL Y sleig, 5l e ools

(.s>) Lateral
Dg oo 580 Y SO slbep e JLa]



www.powersim.ir

PowerSim.ir
click here! e B el | e

E gt i St JUi £ i

Feedforward net

Fully recurrent net
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* Digital neural networks, S. Y. Kung, Prinntice
Hall, 1997.

 Neural networks, fuzzy logic, and genetic
algorithms, synthesis and applications,

— By: S. Rajasekaran
— G.A. Vyjayalakshmi pai
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The assignment of a physical object or event to one of several
pre-specified case

A pattern 1s an object, process or event that can be given a
name.

A pattern class (or category) 1s a set of patterns sharing
common attributes and usually originating from the same
source.

During recognition (or classification) given objects are
assigned to prescribed classes.

A classifier is a machine which performs classification.
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Machine vision
« Visual inspection
* Imaging device detects ground target
» Classification into “friend” or “foe”

Character recognition
* Automated mail sorting, processing bank
checks
*» Scanner captures an image of the text
+ Image is converted into constituent
characters
Computer aided diagnosis
« Medical imaging, EEG, ECG signal
analysis
Designed to assist (not replace)
physicians
Example: X-ray mammography
= 10-30% false negatives in x-
rnarm'r';:;gralrns‘E‘ga ray Ll J
00de H o WAVE

= 2/3 of these could be prevented with
praper analysis DE0s —m— A

Speech recognition

F-H INTERAL

A INTERYAL —

oA MTERYAL M
CRS NTERYAL —
ST NTERTAL ey

« Human Computer Interaction. Universal
Access

« Microphone records acoustic signal

» Speech signal is classified into phonemes
and/or words
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Classification
e« The PR problem of assigning an object to a class
¢ The output of the PR system is an integer label
m e.g. classifying a product as “good” or “bad” in a quality control test
Regression
¢ A generalization of a classification task
e The output of the PR system is a real-valued number

m e.g. predicting the share value of a firm based on past performance and
stock market indicators

Clustering
¢ The problem of organizing objects into meaningful groups
¢ The system returns a (sometimes hierarchical) grouping of objects
m e.g. organizing life forms into a taxonomy of species
Description
e The problem of representing an object in terms of a series of primitives

¢ The PR system produces a structural or linguistic description
m e.g. labeling an ECG signal in terms of P, QRS and T complexes


www.powersim.ir

PowerSim.ir
click here! e e T IR

9 Sl J>1 0

liSe Slotiwd fpu (699,8 S L b ooly g5le los =y ®

J:>‘).o ®

il oo Condy 655 o3l sk 5l oy (nl sle addge o
g 00 65 ojluil sla eoly (gq, o Sl dasin @‘J?'L’I.w‘—
feature extraction lo oI oy slaal  zalS



www.powersim.ir

The
“real world”

PowerSim.ir
click here! e L e e

I bl Jo yo

Dimensionality
reduction Prediction

Feature sefection
Feature projection

Noise filtering Classification

Feature extraction Regression

MNormalization Clustenng
Descrption
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m Feature

 Feature is any distinctive aspect, quality or characteristic
= Features may be symbolic (i.e., color) or numeric (i.e., height)
+ Definitions
s The combination of d features is represented as a d-dimensional column vector called a feature vector
= The d-dimensicnal space defined by the feature vector is called the feature space
= Objects are represented as points in feature space. This representation is called a scatter plot

Class 1

Feature vector Feature space (3D) Scatter plot (2D)

m Pattern
« Pattern Is a composite of traits or features characteristic of an individual

+ |n classification tasks, a pattern is a pair of variables {x, @} where
= X is a collection of observations or features (feature vector)
= @Iis the concept behind the observation (label)
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m What makes a “good” feature vector?
¢ The quality of a feature vector is related to its ability to discriminate examples
from different classes
m Examples from the same class should have similar feature values
m Examples from different classes have different feature values

‘ﬁ

*, @e
\.-.'I
® %%
;ﬁx @
% X
WX “

"|.
LY

“Good” features “Bad” features

s More feature properties

LY
'\

\
‘KK

[ 1]

oe0 %“K?‘?x
\ .‘ .'\x ________
"\

Rl

Linear separability Non-linear separability Highly correlated features Multi-modal
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m The task of a classifier is to partition feature
space into class-labeled decision regions

¢ Borders between decision regions are called
decision boundaries

¢ The classification of feature vector X consists of
determining which decision region it belongs to,
and assign x to this class

m A classifier can be represented as a set of discriminant functions
* The classifier assigns a feature vector x to class @, if g(x)>g,(x) vj=i

Class assignment

T

Select max

Discriminant functions

Features
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m Statistical (StatPR)

+ Patterns classified based on an underlying statistical model of the features

m [he statistical model is defined by a family of class-conditional probability density
functions Pr(x|c;) (Frobability of feature vector x given class ¢;)

m Neural (NeurPR)
+ Classification is based on the response of a network of processing units
(neurons) to an input stimuli (pattern)
m “Knowledge” is stored in the connectivity and strength of the synaptic weights
+ NeurPR is a trainable, non-algorithmic, black-box strategy
¢ NeurPR is very attractive since
= it requires minimum a priori knowledge
m with enough layers and neurons, an ANN can create any complex decision region
m Syntactic (SyntPR)
¢ Patterns classified based on measures of structural similarity

m ‘Knowledge” is represented by means of formal grammars or relational descriptions
(graphs)

¢ SyntPR is used not only for classification, but also for description

m Typically, SyntPR approaches formulate hierarchical descriptions of complex patterns
built up from simpler sub patterns



www.powersim.ir

PowerSim.ir
click here! e B el | e

I Sl slawy

From [Schalkoff, 1992]

/ | \

Neural* Statistical Structural

v

Feature extraction:
# intersections
# nght abligue lines
# left obligue lines
# horizontal lines
# "holes”

ilistic

Probabilisti
x,=[3 2 1 2 —™= p{x,["A")

| Pify, 2| @)

. *Neural approaches may also
employ feature extraction
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Input  Perceptron Layer
Input Perceptron Layer

R Sx1 S
-
a = hardlim(Wp +b)
Where
R = number of elements in input

S = number of neurons in layer

a = hardlim(Wp +b)
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* Perceptron can be created with the function
newp,

>>net = newp (P,T)
* Where input arguments are as follows:

— P 1s an R-by-Q matrix of Q iput vectors of R
clements each.

— T 1s an S-by-Q matrix of Q target vectors of S
elements each.
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a (0)=a
a (k+1)= posl (W “a(k)),

I (x) X x >0
oS X ) =
¥ 0 x<0

0 <¢ <1,
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a’(1) = posl (W *a’(0))

a’(2) = posl (W *a’(1))
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Initial Symmetric saturated linear layer
conditions al(0) =p and thenfor k=12, ..

al(k) = satlins (LWt.iauk-1)) + b1)
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Development of an NN-application

build a network calculate i
architecture network output 1}
| | input of training comﬁare to quality is good enough

teaching '
attern
P outp_u_t %

% modify weights <}_—J use Test set data
error is too high iL

change parameters evaluate output

( i compare to teaching <}J

output

error is too high

quality is good enough
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Single Layer Perceptron Rule (SLPR)
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Let S=1 R=2

Input Perceptron Layer

R Sx1 S
-/ - @@
a = hardlim{Wp + b)
Where

R = number of elements in input

S = number of neurons in layer
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gradient descent pa 951
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gradient descent 3ol 99 yaT Caw
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Delta Rule 3o ;49

2 ldyg dd> e 0 0 X = (X, Xp, vees Xp) s&}ﬁﬁi Jbe G sl
PSS g Spgar Bs (556 el
w; (k+1) = wi(k) + Aw,
b, (k+1) = bi(k) + Ab,

—~

Ol yoas
Where Aw, = -1 E’(W)/wi
n: learning rate (e.g., 0.1)
] cas gmalS g 0 ES o snipailis ke Cadle
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O(x1,x2,...,xn) =c ( WX)

where: 0 (WX )=1/1+¢e WX

do(y)/dy =o(y) (1-o0(y))
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Training
pattern p

Input-Layer hidden Layer(s) /O'

utput Layer
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— net.trainParam.epochs = 50;
— net.tramParam.goal = 0.01;
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Backpropagation - Problems
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Backpropagation - Problems

 A: flat plateau

— weight adaptation is slow
— finding a minimum takes a lot of time

* B: Oscillation 1n a narrow gorge

— 1t jumps from one side to the other and back

e C: leaving a minimum
— if the modification 1in one training step
the minimum can be lost
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Levenberg-Marquardt s 951
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Levenberg-Marquardt s 951

Neglecting the second-order derivatives of the error vector we

obtain the Gauss—Newton update, as: |
A= @@ T @e()

The advantage of Gauss—Newton over the standard Newton’s

method 1s that it does not require calculation of second-order
derivatives.

The matrix may not be invertible. This 1s overcome with the
Levenberg-Marquardt algorithm 1
A= 7 (@)@ + | T (W)e(W)

Where p 1s small the algorithm becomes Gauss-Newton. When
w 1s large, the algorithm 1s backpropagation.
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newff QU

Newff(P,T,[S1 S2...S(N-1)],{TF1 TF2...TFNIl},
P: R x QI matrix of QI sample R-element input vectors
T: SN x Q2 matrix of Q2 sample SN-element target vectors

S1:  Size of ith layer, for N-1 layers, default = [ ]. Output layer is
determined from data

Tf1: Transfer function of ith layer. (Default = 'tansig' for hidden layers and
'purelin’ for output layer.)

BTF: Backpropagation network training function (default = 'trainlm’)

BLF: Backpropagation weight/bias learning function (default = 'learngdm")
IPF: Row cell array of input processing functions.

OPF:Row cell array of output processing functions.

DDF: Data divison function
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Purelin c,5 o5, b pgo 4 5 Tansig 5,0 b Jgf ¥

TRAINLM : 3901 o,

* net = newff(P,T,5, {'tansig' 'purelin'},’ trainlm’);



www.powersim.ir

PowerSim.ir
click here! e e T IR

A v 3901

3o ool (bigal 18 (63959 slaosls I ,L B a4 5gd o 00ls ojl>l A 4 @
 net.trainParam.epochs = 50;
* net = train(net,P,T);
* Y = sim(net,P);
* plot(P,T,P,Y,'0")



www.powersim.ir

PowerSim.ir
click here!

e e L R ]

Original Data
Neural Network Output



www.powersim.ir

PowerSim.ir
click here! e B el | e

GUI 9,15 Sudl o5 Loty 31 050!
i | 2 | curent Diectory: | comaTLaBEpS WOk =

Eormmand Windoiw m E |

Uzing Toolbox Path Cache. Type "help toolbox path cache™ for more info. o

To get started, select "MATLAR Help™ from the Help menu.

~a - hitodl <} Network,/Data Manager
3> Inputs: Metwarks: Outputs:

Targets:

Input Delay States: Layer Delay States:

~Metworks and Data

Help Mew Data.. | Mew Metwork.

Import... | Export... iEw Hi|ete |

- Metwarks only

[fitialize. | SifrllEte, Adapt.. |



www.powersim.ir

PowerSim.ir
click here! e e T IR

nntool 8 > 95— 5999 WlAbI 39,9

Matlab ,l58le 5 o T g P ledbl 5,

nntool ,s import 4 ;5 ol

IMPOTt aiy 35 Sl 5 (69459 (lyim P (852
kol e ,o IMPOTt aiy 35 Ll

IMPOrt 4z 35 Sl 5 Ban ploins T (852
Network Manager ;s >4, g 39,9 oonliv



www.powersim.ir

PowerSim.ir
click here! e e T IR

nntool 40 dSww b1 8449

new network olsil b aSils Jow (8 a0

(feedforward backpropagation Jlo lgin) aSlls g5 ol
(5999 S ul?w‘

oo5el G959 853l Gl ol

& Hlwdings b Sl

a olosxs s

Y Jr.. O)Sl.o.c (':"9" 9 L@Q”.Z Slows Cyens

Network Manager ,o aSi sulice



www.powersim.ir

PowerSim.ir
click here! e B el | e

nntool 9o dSuw glow

) Metwork: network1

Vi | nitialize | Simulate | Train | Adapt | weights |

i1, 11 :
b1} :

Close



www.powersim.ir

PowerSim.ir
click here! e e T IR

NNtool & 4w v ygof

25 bgs 00l (8 pme a5l Sl

Initialize a5 Gl

Train a5 Ol

ol g EXport a5 obesl b las g 4l (29,5 ovalie —

abg o slo prio

Y=[-0.0001 1.0006 1.9962 3.0078 3.9751

3.0608 1.9317 1.0304 1.9979 3.0010
4.0002]
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nntool 4o dSww sy

Weights a3 Ol b bayy slacyjg polie 4 pliws @
VY lagyy
[1.4592;
-2.8307;
-0.088722;

-3.657;
-2.1814]

VY slagyy ©
[2.5401 -1.8955 11.4056 -1.9233 -1.8881]



www.powersim.ir

