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1 |xQ=tW xSwQB
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x}qOvJ uwQDBUQB R= xO=iDU= =@T}wvCUO s=kQ= |U=vWR=@
Handwritten Digit Recognition Using MLP

xr�Ut h} QaD 1

|R=UxO=}B w |L=Q] x}qOvJ uwQDBUQB |@Ya |xm@W R= xO=iDU= =@ =QT} wvCUO s=kQ= |U=vWR=@ sDU}Ul} s}y=wN|t xSwQB u}= QO
|wor= 10 =t "CU= (Classification) |Ov@xk@] ‘wv R= wor= |U=vWR=@ |xr�Ut l} ‘k=w QO ’xr�Ut u}= "s}vm

0 1 2 3 4 5 6 7 8 9

"OQ=O jraD =ywor= u}= R= l} s=Om x@ Q} wYD u; pmW xm s}vmXNWt O}=@ ’skQ Qy Q} wYD Ci=} QO =@ "s} Q=O Q=}DN= QO =Q

=yxO=O 2

u}= x@ "CU= xOW xO=O (gray-scale) |QDUm =NnvQ |wor= =@ |rUm}B 28× 28T} QD=tl} ?r=k QO =ywor= u}= R= l} Qy Q} wYD
"OwW|t |}=tvR=@ 255 =D 0 u}@ K}LY OOa l} =@ pUm}B Qy xm |vat

QwDUO =@ =Q p}=i u}= O}=@ xm CU= xOW xQ}NP pattern.mat p}=i QO =t |xO=iDU= OQwt |xO=O xawtHt QO s=kQ= Q} w=YD |x}rm
“"OQ=O Q=Qk u; QO QwmPt p}=i xm OW=@ |=xWwB u=ty Q=Ri=sQv |Q=m |xWwB xm O}vm CkO” %O}vm R=@ Matlab \}Lt QO Q} R

Matlab

>> load pattern.mat

x@ 10 =D 1 R=” wor=T}Ov= i u; QO xm OwW|t |Q=PoQ=@Matlab \}Lt QO pattern{i, j} |rwrU |x}=Q; ’QwDUO u}= |=QH= =@
xvwtv |=Q@ "CU= wor= u; R= p=Ft T}Ov= j w “9 =D 0 |=ywor= |=Q@ ?}DQD

pattern{5, 320}

"OyO|t u=Wv =Q “4 skQ x@ \w@ Qt” sHvB |wor= R= s=320 p=Ft
%s}vm|t xO=iDU= Q} R QwDUO R= Matlab \}Lt QO Q} wYD u}= |xOy=Wt |=Q@

Matlab

>> imshow(pattern{5,320})

OYQO 70 "OQ=O OwN QO p=Ft 10× 1000 = 10000 ‘wtHt QO |va} ’CU= wor= Qy |=Q@ p=Ft 1000 pt=W xO=O xawtHt u}=
"OQ}o|t Q=Qk xO=iDU= OQwt |W}=tR; |=yxO=O u=wvax@ |k@=t OYQO 30w |WRwt; |=yxO=O u=wvax@ =yxO=O u}=
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1 |xQ=tW xSwQB xDiQW}B |awvYtVwy

(Training Data) |WRwt; |=yxO=O 1»2

"OwW|t xO=iDU= |WRwt; |=yxO=O u=wvax@ 700 =D 1 |=yT}Ov= ’wor= Qy |=Q@

(Test Data) |W}=tR; |=yxO=O 2»2

"OwW|t xO=iDU= |W}=tR; |=yxO=O u=wvax@ 1000 =D 701 |=yT}Ov= ’wor= Qy |=Q@

|@Ya |xm@W |R=UxO=}B w |L=Q] 3

"CU= x}qOvJ uwQDBUQB l} xO=iDU= OQwt |@Ya |xm@W

"OQ=O |OwQw uwQv 28× 28 = 784 =@ Q@=Q@ “=y|OwQw” pw= |x}q •

|OwQw Qo = xm ?}DQD u}= x@ "OwW|t xO=iDU= =ywor= R= |m} |=Q@ uwQv Qy "OQ=O |} wOwO |HwQN uwQv 10 “=y|HwQN” QN; |x}q •

"Ow@ Ovy=wN Vwt=N =yuwQv |k@=t w OwW|t uWwQ |HwQN QO k |xQ=tW uwQv ’Ow@ k |wor= x@ jraDt

"O}vm xU}=kt sy =@ =Q =yv; G}=Dv w O}vmV}=tR; w O=H}= =Q Q} R |=y|Ov@ Qm}B ’|v=}t |=yx}q |=Q@ •

“1 xm@W” uwQv 400 =@ |v=}t |x}q l} “1
“2 xm@W” uwQv 70 =@ |v=}t |x}q l} “2

“3 xm@W” uwQv 30 w 192 =@ ?}DQD x@ |v=}t |x}q wO “3
“4 xm@W” uwQv 50 w 100 =@ ?}DQDx@ |v=}t |x}q wO “4

=t= O}vm xO=iDU= nntool Q=R@= QO MatlabZQiV}B Q}O=kt R= O}v=wD|t |Q}oO=} sD} Qwor= w |R=Up=ai ‘@=D ’xm@W |=yQDt=Q=B |=Q@
=Q =yQDt=Q=B O}v=wD@ =D O}vm xO=iDU= .m p}=i l} QO Neural Network Toolbox u=tQi \N ‘@=wD R= CU= QDy@ QDW}@ |oO=U |=Q@

"O}yO Q}}eD |oO=Ux@ w CaQUx@

|@=} RQ= wV}=tR; 4

|Ov@ Qm}B Qy |=Q@ Q} R OQ=wt?r=k QO =Q G}=Dv w O}vm |@=} RQ= ’|W}=tR; w |WRwt; |=yxO=O =@ w O}yO VRwt; ’|WRwt; |=yxO=O =@ =Q xm@W
%O}yO VQ=Ro

CQwY x@ xm ’|WRwt; |=yxO=O |wQ Q@ (ACCR: average correct classificatin rate) K}LY |U=vWR=@ \UwDt MQv “1
%OwW|t x@U=Lt Q} R

ACCR =
CUQO |xOW|U=vWR=@ |=yp=Ft O=OaD

=yp=Ft pm O=OaD

"|W}=tR; |=yxO=O |wQ Q@ K}LY |U=vWR=@ \UwDt MQv “2

|=yxk@] O=OaD M u; QO xm CU= M × M T} QD=t l} confusion T} QD=t "|WRwt; |=yxO=O |=Q@ confusion T} QD=t “3
%OwW|t h} QaD Q} R CQwY x@ w CU=ywor=

C = [cij ]M×M

|Ov@xk@] ’OW=@ QD|Q]kT} QD=t u}= xJ Qy” "CU= xOw@ j =yv; |ak=w?UJQ@ xm iTqm QO xOW|Ov@xk@] |=yp=Ft O=OaD ı cij

“"CU= xOW s=Hv= |QDy@ C}i}m =@

"|W}=tR; |=yxO=O |=Q@ confusionT} QD=t “4
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1 |xQ=tW xSwQB xDiQW}B |awvYtVwy

xSwQB VQ=Ro 5

%OW=@ Q} R Q=DN=U |=Q=O O}=@ xSwQB VQ=Ro

xSwQB u=wva •

xwQo |=[a= p}t}= w |} wHWv=O |xQ=tW ’|oO=wv=N s=v w ’s=v •

“QYDNt Qw] x@ xSwQB h} QaD” xtOkt •

1 xm@W |Ov@ Qm}B |=QH= w |R=UxO=}B •

“. . . ’|Q}oO=} sD} Qwor= ’|R=Up=ai ‘@=wD ’=yuwQv O=OaD ’=yx}q O=OaD ’xm@W ‘wv” |Ov@ Qm}B C=YNWt “1
|WRwt; |=yxO=O |wQ Q@ K}LY |U=vWR=@ \UwDt MQv “2
|W}=tR; |=yxO=O |wQ Q@ K}LY |U=vWR=@ \UwDt MQv “3

|WRwt; |=yxO=O |=Q@ confusionT} QD=t “4
|W}=tR; |=yxO=O |=Q@ confusionT} QD=t “5

2 xm@W |Ov@ Qm}B |=QH= w |R=UxO=}B •

“. . . ’|Q}oO=} sD} Qwor= ’|R=Up=ai ‘@=wD ’=yuwQv O=OaD ’=yx}q O=OaD ’xm@W ‘wv” |Ov@ Qm}B C=YNWt “1
|WRwt; |=yxO=O |wQ Q@ K}LY |U=vWR=@ \UwDt MQv “2
|W}=tR; |=yxO=O |wQ Q@ K}LY |U=vWR=@ \UwDt MQv “3

|WRwt; |=yxO=O |=Q@ confusionT} QD=t “4
|W}=tR; |=yxO=O |=Q@ confusionT} QD=t “5

3 xm@W |Ov@ Qm}B |=QH= w |R=UxO=}B •

“. . . ’|Q}oO=} sD} Qwor= ’|R=Up=ai ‘@=wD ’=yuwQv O=OaD ’=yx}q O=OaD ’xm@W ‘wv” |Ov@ Qm}B C=YNWt “1
|WRwt; |=yxO=O |wQ Q@ K}LY |U=vWR=@ \UwDt MQv “2
|W}=tR; |=yxO=O |wQ Q@ K}LY |U=vWR=@ \UwDt MQv “3

|WRwt; |=yxO=O |=Q@ confusionT} QD=t “4
|W}=tR; |=yxO=O |=Q@ confusionT} QD=t “5

4 xm@W |Ov@ Qm}B |=QH= w |R=UxO=}B •

“. . . ’|Q}oO=} sD} Qwor= ’|R=Up=ai ‘@=wD ’=yuwQv O=OaD ’=yx}q O=OaD ’xm@W ‘wv” |Ov@ Qm}B C=YNWt “1
|WRwt; |=yxO=O |wQ Q@ K}LY |U=vWR=@ \UwDt MQv “2
|W}=tR; |=yxO=O |wQ Q@ K}LY |U=vWR=@ \UwDt MQv “3

|WRwt; |=yxO=O |=Q@ confusionT} QD=t “4
|W}=tR; |=yxO=O |=Q@ confusionT} QD=t “5

%“pwOH ?r=k QO” G}=Dv |xU}=kt •

~W}>tR; ~>yxO=O ACCR / ~WRwt; ~>yxO=O ACCR / x}q Qy uwQv O=OcD / ~Ov@Qm}B

“#=QJ w CU= QDy@ xm@W s=Om ” |Q}oxH}Dv •
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1 |xQ=tW xSwQB xDiQW}B |awvYtVwy

xSwQB p}wLD 6

pLt QO w O}yO Q=Qk nn-digit-recog s=v =@ zip p}=i l} QO =Q Q} R |=yp}=i "OW=@|t C}=U QO OwrB; j} Q] R= xSwQB p} wLD
%O}vm OwrB; TQO C}=U QO xOWXNWt

Matlab|xt>vQ@ p}>i nnDigitRecog.m

MatlabQO 1 |xm@W |>yxO=O p}>i nndrNetwork1.mat

MatlabQO 2 |xm@W |>yxO=O p}>i nndrNetwork2.mat

MatlabQO 3 |xm@W |>yxO=O p}>i nndrNetwork3.mat

MatlabQO 4 |xm@W |>yxO=O p}>i nndrNetwork4.mat

xSwQB VQ=Ro p}>i nnDigitRecog.pdf

nn-digit-recog.zip

"Ovm OwrB; =Q =yp}=i O}=@ xwQoQU \ki ’OwW|t s=Hv= |QivwO |=yxwQo ?r=k QO xSwQB xm =Hv; R= ˆ

%O}vm xaH=Qt Q} R TQO; x@ O}v=wD|t ’T} wvCUO O=Oa= |=yxO=O OQwt QO QDW}@ K}[wD |=Q@ CW=OO=}

http://cis.jhu.edu/~sachin/digit/digit.html

|rwrU |x}=Q; ’jwi C}=U R= =yxO=O Owrv=O =@ O}v=wD|t ’CW=Ov |Q=oR=U =tW ?rCt |xNUv =@ pattern.mat p}=i xm |DQwY QO
%O} R=U@ ?rCt QO Q} R Om |=QH= =@ =Q pattern{i, j}

Matlab

num_of_samples = 1000;

size_of_pattern = [28 28];

pattern = cell(10,num_of_samples);

for k = 0 : 9

fid=fopen([’.\data’ num2str(k)],’r’); %-- open the file

for i = 1 : num_of_samples

[the_image,Nitem] = fread(fid,size_of_pattern,’uchar’);

pattern{k+1,i} = imrotate(flipud(the_image),-90);

end

end
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