
Discriminate analysis

Pen written digit&character 
recognition



Outline

• Off-line pattern recognition 
• Online pattern recognition



• One-line handwritten character recognition 
• Off-line handwritten character recognition 



Link

http://sciencelinks.jp/j-east/article/200419/000020041904A0663055.php
http://sciencelinks.jp/j-east/article/200419/000020041904A0663055.php
http://sciencelinks.jp/j-east/article/200419/000020041904A0663055.php
http://sciencelinks.jp/j-east/article/200419/000020041904A0663055.php
http://sciencelinks.jp/j-east/article/200419/000020041904A0663055.php


Methodologies

•  



















Machine Learning

• UCI Machine Learning Repository 
• Pen-written database

http://archive.ics.uci.edu/ml
http://archive.ics.uci.edu/ml


Trajectory tracking 









=

∈







=

−−

−−

),...,(

),...,(

12

11

2

2

1

Ltt

Ltt

t

t

t

t

f

f

R
p

p

pp

pp
p

p

1−tp

L−tp

The position     is predictable by positions of previous 
L points

t
p



Strategy

• Trajectory tracking  
• Trajectory modeling by a recurrent 

multilayer neural network 
• Integration of multiple models 
• Fitting to multiple models 
• Winner models



Tracking an ellipse

t=0:0.02:2*pi; 
traject=[3*cos(t);4*sin(t)]; 
plot(traject(1,:),traject(2,:),'.');



Function approximation
TRAINING PHASE

for i=1:2 
    x=traject(:,1:1:length(t)-L)'; 
    y=traject(i,L+1:1:length(t))'; 
    max_x=max(max(x));max_y(i)=max(y); 
    train_x=x/max_x;train_y=y/max_y(i); 
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    % Training 
    if i==1 
        [E1,NetDef1,W11,W12]=noisecan(train_x,train_y,20); 
    else 
        [E1,NetDef2,W21,W22]=noisecan(train_x,train_y,20); 
    end 
end



Generate another ellipse

traject=[3/3*cos(t);4/3*sin(t)]; 
plot(traject(1,:),traject(2,:),'.');



Prediction Phase
for i=1:2 
    x=traject(:,1:1:length(t)-L)'; 
    y=traject(i,L+1:1:length(t))'; 
    test_x=x'/max_x;test_y=y'/max_y(i); 
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    if i==1 
        % Testing 
        [Y_sim,E,PI] = nneval(NetDef1,W11,W12,test_x,test_y,1); 
    else 
        % Testing 
        [Y_sim,E,PI] = nneval(NetDef2,W21,W22,test_x,test_y,1); 
    end 
end



Prediction error

 mean square testing error 0.000457 
 mean absolute testing error 0.017639 
 mean square testing error 0.000663 
 mean absolute testing error 0.023554



Pen Written Digit
>> load data\a1.txt 
>> plot_curve(a1)

plot_curve.m

http://134.208.26.59/INA/code/plot_curve.m
http://134.208.26.59/INA/code/plot_curve.m


Preprocess

• Demean 
• Rescale within [-1 1]x[-1 1] 
• Form paired data



Trajectory tracking
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Paired data
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Function approximation
• MLP Learning subject to 
   leads to an approximating network 
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Function approximation
• MLP Learning subject to 
   leads to an approximating network 
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Parsing phase

• Input a digit
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Inference

• Mean square errors of parsing score 
similarity between the input digit and the 
template. 



Numerical experiments 
: learning phase

MLPotts 
learning

MLPotts 
learning
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Parsing phase
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Decision

b''output 

otherwise

a''output  

    If 2121 eeeeee
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Write a character



Character Recognition


