Eg ALVINN (drives at 70mph, late 1980’s)




30x32 Sensor
Input Retina

Total number of
weights:

150+3844 = 3994

Hidden to Output
weights:

(4+1)*30 = 150

Input to Hidden
weights:

(960+1)*4 = 3844

Number of inputs:
30*32 = 960
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Input to Hidden weights, plotted on the pixel array

n Hidden
Unit 2 Unit 3 Unit 4 Unit 5

¢ Initially random

¢ Hidden units
become
complementary
(intermingled)
feature
detectors




ALVINN Weight Diagram

*This hidden unit is
excited by a road on the
left Of the lmage. ultz;;;;;ﬁnm e SRR AR

o[ts projections to the
output layer are voting for
a left turn, to bring the
vehicle back to the center
of the road.

E] Road




ALVINN Weight Diagram

*This hidden unit 1s excited by
roads slightly left OR SHghtly s s om—m———
I‘lgh[ Of Centel‘ Weights from Video Camera Retina

o[t suggests two steering
directions: a shallow left turn
and a shallow right turn.

Left Road Right Road

In order to determine which 1s

correct, the network must

combine outputs from several

active hidden units. A “distributed representation” allows
a very simple network to drive
accurately.




ALVINN Weight Diagram

*This unit was taken from a
network trained on a road  Weights to Direction Ouput Uits
whose width varied. S A -

In this case, the hidden units
focus on detecting just one

road edge. : 0 Roud
' (] Non-roa d
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*The units vote for a relatively
wide range of steering
directions; their cooperative ?‘
activity fine-tunes the steering
direction.

_——E

|

Hh “|

#h




How big Is eta ?

"4 $



Error Sufrace

o Like fithess
landscape, but now
we’re plotting how
overall error varies as
a function of the
weights

 Only two weights if
you want to visualise
It!



Function approximation demo

http://neuron.enqg.wavyne.edu/bpFunctionApprox/bpFuncti

onApprox.html

.\Resources\BPFuncApprox\setup.avi

.\Resources\BPFuncApprox\1hidden worked.avi

.\Resources\BPFuncApprox\1hidden failed.avi

.\Resources\BPFuncApprox\1hidden worked?2.avi

.\Resources\BPFuncApprox\2hidden.avi

.\Resources\BPFuncApprox\2hidden2.avi

.\Resources\BPFuncApprox\14hidden.avi

.\Resources\BPFuncApprox\14hidden noisy.avi




How big a hidden layer ?
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Overfitting
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So how many hidden nodes,
then?
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(Eg. See comp.ai.neural-nets FAQ Sec 3)
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Problems ?
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A nasty error surface: and still for
only two weights!



Valleys
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Momentum



[corrected 22:50 9/2/09]

float[] hidWtsChange = new float[numInput§[numHidden];

float[] outWtsChange = new floatfnumHiddetji[numOutputs];
[/ we’ll see later why it can be useful to rememibeise

for (int h=0; h<numHidden; h++)
for (int i=0; i<numlInputs-1; i++) {
hidWtsChange([i][h] = eta*input[i]*deltaHid[h];
hidwtsJi][h] += hidWtsChange[i][h];
}
for (int k=0; k<numOutputs; k++)
for (int h=0; h<numHiddenl; h++) {
outWtsChange[h][k] = eta*hidden[h]*deltaOut[k];
outWts[h][k] += outWtsChange[h][K];



with momentum

float[] hidWtsChange = new float[numInpet§[numHidden];

float[] outWtsChange = new float[numHiddeti[numQOutputs];
// we add fraction alpha of the previous weightrgeto the next one

for (int h=0; h<numHidden; h++)
for (int iI=0; i<knuminputs1; i++) {
hidWtsChange[i][h] = eta*input[i]*deltaHid[h}
alpha*hidwWtsChangeli][h];
hidWtsJi][h] += hidWtsChangeli][h];
}

for (int k=0; k<numOutputs; k++)
for (int h=0; h<numHiddenl; h++) {

outWtsChange[h][k] = eta*hidden[h]*deltaOut[k]
alpha*outWtsChange[h][k];

outWts[h][k] += outWtsChange[h][K];



Value for momentum

$ 1 2



Some other ANN Apps
(Many using backprop, often with crafty pre-processing of the data)
Face Recognition

Failure prediction from acoustic/vibrational
sensors placed on machines.

Game Al

Process control (eg. at a chemical plant)
Fraud detection

Financial prediction

Robot control



Applications
0 92

0 >% (



Seminar Next Week (wk 6)

 See the NSAI web page

e . \seminar wk6.html




