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Bilinear interpolation explores four points neighboring the point (x,y), and assumes that the
brightness function is bilinear in this neighborhood.

Linear interpolation is given by
fa(z,y) = (1 — a)(1 = b)gs(l, k) + a(l — b)g. (I + 1,k)

(1 —a)bg:(l,k+1)+abg;(I+1,k+1)
= gs(1, k)

+a(gs(l +1,k) — gs(1, k)

+b(gs (L, k+ 1) — gs(1, k)

+(gs(l,k) +gs (1 +1,k+1) — g, (1 + 1,k) — gs(I,k + 1))ab
where
| =floor (x) , a=x-—I
k=floor (y), b=y-k
12,5 0ol 5 o500 4 0I5 o8 3 e onl Sl s las

Linear interpolation can cause a small decrease in resolution and blurring due to its averaging
nature.

The problem of step like straight boundaries with the nearest neighborhood interpolation is reduced.
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| =floor (u) , a=u-I
k=floor (v), b=v-k
1+2  k+2

b(x,y)= & a A(mn)h(u- mh(v- n)

m=l-1n=k-1

i

iL- 207+ <1

i
ht)=t4- 8t +5t° - [(° 1£f]<2

i

}O otherwise
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Bi-cubic interpolation improves the model of the brightness function by approximating it locally by
abicubic polynomial surface; 16 neighboring points are used for interpolation.
Bicubic interpolation does not suffer from the step-like boundary problem of nearest neighborhood
interpolation, and copes with linear interpolation blurring as well.

Bicubic interpolation is often used in raster displays that enable zooming to an an arbitrary scale.
Bicubic interpolation preserves fine details in the image very well.
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Y%y farid esnmeili sh. d:
% ---tabdile projective yek tasvir ba 3 raveshe daron yabiye
%near est nei ghbour, bilinear interpolation,bicubic interpolation---------

clc

clear all

g=inread('farid.jpg');
figure(l);inmhow q);

[u, v] =gi nput (4);

b(1:2:8)=v;

b(2:2:8)=u;

i nput _poi nts=b";

base_poi nt s=[ 20; 20; 20; 100; 100; 100; 100; 20] ;

,ul,t_i,nj_fg}}u,awmwgpw,amgw\wfp\,é,\gvx:fjmm;w&,\;omwdu
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%o ----mm - - nohasebeye paranetr haye tabdile 2d-projective ba
% noght eye entekhabi az tasvire asli (tabdile nostaghim direct-----------
a=si ze(input _points, 1)/ 2;
for i=1:a
s(2*i-1, 1) =i nput_poi nts(2*i-1);
s(2*i-1, 2)=i nput _poi nts(2*i);
s(2*i-1, 3) =1,
s(2*i-1, 4:6)=0;
s(2*i-1,7)=-(input_points(2*i-1)*base_points(2*i-1));
s(2*i-1,8)=-(input_points(2*i-1)*base_points(2*i));

s(2*i, 4) =i nput _poi nts(2*i-1);
s(2*i,5) =i nput _poi nts(2*i);
s(2*i,6)=1;
s(2*i, 1: 3)=0;
s(2*i,8)=-(input_points(2*i)*base_poi nts(2*i));
s(2*%i,7)=-(input_points(2*i-1)*base_points(2*i));
end
proj ective_direct=inv(s)*base_points;
%pr oj ective_direct=inv(s'*s)*s' *base_poi nts;
p=proj ective_direct;

53 ol ey (gl ey 5 SVslan b 503 87 SIS Ole p o 4858 4 B (55 cOlals sl x5 055
SIS o5l s 5 daB Byl oo Ol b g (sLtb 15 Ol sy 5 ol (51 51 a2 5 F YL
@LﬁﬂﬁﬁWﬁlﬁ“ﬁbdMGr%fﬁr&fUXNQbVJJ&f“U¢u¢ﬁ“xrd&iuﬁﬁééjQ
IS U il 53 5 s o513 (sboe b T ekl suaT oty e ¢ ook 51 ol ol aive o5

.QM»\o.,\..i:ué}cWBX,yQLAb'u‘_;l?}gﬁraﬁd;Lw‘_;})&Afr}.w\.;f).uﬁ}&}@\y

.>1>ra1}>~c¢,:dﬁg,n,ﬂbwgbﬁf&.wlgu{ts;w;“ag},;ﬁ;,; dy , dx

% ---tabdile projective tasvire aval be dovom ba 4 noghteye entekhabi------
figure(2);imhowq);
[u2, v2] =gi nput (4);
b2(1:2:8)=v2;
b2(2:2:8)=uz;
e=b2";
for z=1:4
x1(z)=(p(1)*e(2*z-1)+p(2) *e(2*z) +p(3) )/ (p(7) *e(2*z- 1) +p(8) *e(2*z) +1) ;
. y1(z)=(p(4)*e(2*z-1)+p(5)*e(2*z) +p(6))/(p(7)*e(2*z-1) +p(8) *e(2*z) +1);
en
xm n=m n(x1)
xmax=max(x1);
ym n=min(yl);
ymax=max(yl);
dx=xmax- xm n;
dy=ynmax-ym n;

5ol adgl akai F Olea b oSe a0 OB 51 o S 5555 b 53 1) Olew S bt sl el Jl

ﬁ)}waxumungd;jM?jﬁm&MJJﬁ,d

% - - - - nbhasebeye paraneter haye projective dar tabdile makoos(invers)------
a=si ze(i nput _points, 1)/ 2;
for i=1:a

s(2*i-1, 1)=base_points(2*i-1);
s(2*i -1, 2) =base_poi nts(2*%i);
s(2*i-1,3)=1;

s(2*i-1, 4:6)=0;
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s(2*i-1,7)=-(base_poi nts(2*i-1)*i nput_points(2*i-1));
s(2*i-1, 8)=-(base_points(2*i-1)*input_points(2*i));
s(2*i, 4)=base_points(2*i-1);
s(2*i,5)=base_poi nts(2*%i);
s(2*i, 6)=1;
s(2*i, 1:3)=0;
s(2*i, 8) =-(base_poi nts(2*i)*i nput _poi nts(2*i));
s(2*%i,7)=-(base_poi nts(2*i-1)*input_points(2*i));
end
c=i nv(s)*i nput_poi nts;
% =i nv(s' *s)*s' *i nput _poi nts;

45@)}_.;)5.,\_5&;5&\‘_;”1“&:_3\5r.a|j>'@3\)‘\jo>l>6¢}§j)l§4{l)jﬁ:,y)lfui”\q;.il).a
eNnter L..s aal = | »I nearest nei ghbour Sl 555 iw 5 sb 4 uS ENEEN 5 LS SIS e 58
bi cubic _%g,¥sdechilinear interpolation jg,Ysde ¢ nearest neighbourL;))\>4cQ>j§

A dal g | | i nterpol ation

di sp(' raveshe daron yabiye norede nazare khod ra')
di sp(' ba enter kardane adade marbote ent ekhab konid:')
di sp(' 1- nearest nei ghbour')
di sp(' 2- bilinear interpolation')
di sp(' 3- bicubic interpolation')
ravesh=input (' 1/2/3? [1]:');
if isenmpty(ravesh)
ravesh=1;
end
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R nearest neighbour----------------------------.
switch ravesh
case 1
f=xmn;
g=ym n;
for i=1:dx
for j=1:dy

x=(c(1)*f+c(2)*g+c(3))/(c(7)*f+c(8)*g+l);
y=(c(4)*f+c(5)*g+c(6))/ (c(7)*f+c(8)*g+l);
g=g+1;
if x<1 | x>size(q,1l)
out put _i mage(i,j,:)=0;
elseif y<1 | y>size(q,?2)
out put i mage(i,j,:)=0;
el se
out put _i mage(i,j,1)=q(round(x), round(y), 1);
out put _i mage(i,j, 2)=q(round(x), round(y), 2);
out put i mage(i,j, 3)=q(round(x), round(y), 3);
end
end
f=f+1;
g=ym n;
end
figure,imshow ui nt 8(out put i nage));
i mwite(uint8(output inmage), ' resanpl ed nearest.jpg');
R T bilinear interpolation-------------------------

g=ym n;
for i=1:dx
for j=1:dy
x=(c(1)*f+c(2)*g+c(3))/(c(7)*f+c(8)*g+l);
y=(c(4)*f+c(5)*g+c(6))/ (c(7)*f+c(8)*g+l);
g=g+1;
if x<1 | x>size(q,1)
out put _i mage(i,j,:)=0;
el seif y<1 | y>size(q,?2)
out put i mage(i,j,:)=0;
el se
I =f | oor (X);
k=fl oor(y);
aa=x-1;
bb=y- k;
out put i mage(i,j,1)=q(l,k, 1)+aa*(q(l+1,k,1)-q(l,k,1))+bb*(q(l, k+1,1)-
q(l, k, 1)) +aa*bb*(q(l, k, 1) +q(I +1, k+1, 1) -q(l, k+1,1)-q(! +1, k, 1));
out put _i mage(i,j,2)=q(l, k,2)+aa*(q(l +1,k, 2)-q(l, k,2))+bb*(q(l, k+1, 2) -
q(l, k, 2)) +taa*bb*(q(l, k, 2) +q(I +1, k+1, 2) -q(Il, k+1, 2)-q(! +1, k, 2));
out put _i mage(i,j, 3)=q(l, k, 3)+aa*(q(l +1, k, 3)-q(l, k, 3)) +bb*(q(l, k+1, 3) -
q(l, k, 3)) +aa*bb*(q(l, k, 3) +q( | +1, k+1, 3) -q(!, k+1,3)-q(l +1, k, 3));
end
end
f=f+1;
g=ym n;
end
figure,i mshow ui nt 8(out put i nage));
i mwite(uint8(output_image), ' resanpled_bilinear.jpg');
D bi cubic interpolation-----------------------------
case 3
f=xm n;
g=ym n;
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for i=1:dx
for j=1:dy
x=(c(1)*f+c(2)*g+c(3))/(c(7)*f+c(8)*g+l);
y=(c(4)*f+c(5)*g+c(6))/(c(7)*f+c(8)*g+l);
g=g+1;
if x<2 | x>size(q,1)
out put _i mage(i,j,:)=0;
el seif y<2 | y>size(q,?2)
out put _i mage(i,j,:)=0;
el se
| =f | oor (X);
k=fl oor(y);
mel - 1;
nn=k- 1;
el +2;
nnn=k+2;
sunk=0;
suml=0;
for mEnM MMM
for n=nn:nnn
if (abs(x-m)<1
hx=1-2*(abs(x-m)"2+(abs(x-m) "3
el sei f l<=(abs(x-m)<2
hx=4-8*(abs(x-m ) +5*(abs(x-m ) "2- (abs(x-m)"3;
el se
hx=0;
end
if (abs(y-n))<1
hy=1-2*(abs(y-n))*2+(abs(y-n))"3;
el sei f 1l<=(abs(y-n))<2
hy=4-8*(abs(y-n)) +5*(abs(y-n))"2-(abs(y-n))"3;
el se
hy=0;
end
sunil=suml+(g(m n) *hx*hy);
end
sunmR=sunP+sumni;
end
out put _i mage(i,j, 1) =sung;
out put i mage(i,j, 2)=sung;
out put i mage(i,j, 3)=sung;
end
end
f=f+1,;
g=ym n;
end
figure,i mshow ui nt 8( out put _i mage));
i mwite(uint8(output_imge), ' resanpl ed_bicubic.jpg);
end
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Y%y farid esnaeili sh. d:

% ---tabdile projective yek tasvir ba 3 raveshe daron yabiye

% ear est nei ghbour, bilinear interpolation,bicubic interpolation---------

clc
cl ear al
g=inmread('farid.jpg');
figure(l);imhowq);
[u, v] =gi nput (4);
b(1:2:8)=v;
b(2:2:8)=u;
i nput _poi nts=b";
base_poi nt s=[ 20; 20; 20; 100; 100; 100; 100; 20] ;
R nohasebeye paranetr haye tabdile 2d-projective ba
%l noght eye entekhabi az tasvire asli (tabdile nostaghim direct-----------
a=si ze(i nput_points, 1)/2;
for i=1:a
s(2*i-1,1) =i nput_points(2*i-1);
s(2*%i -1, 2) =i nput _points(2*i);
s(2*i-1, 3)=1;
s(2*i-1, 4:6)=0;
s(2*i-1,7)=-(input_points(2*i-1)*base_points(2*i-1));
s(2*i-1,8)=-(input_points(2*i-1)*base_points(2*i));

s(2*i,4) =i nput _points(2*i-1);
s(2*i,5) =i nput _points(2*i);
s(2*i, 6)=1;
s(2*i, 1:3)=0;
s(2*i, 8)=-(input_points(2*i)*base_poi nts(2*i));
s(2*i,7)=-(input_poi nts(2*i-1)*base_points(2*i));
end
proj ective_direct=inv(s)*base_points;
%pr oj ective_direct=inv(s' *s)*s' *base_points;
p=proj ective_direct;
% ---tabdile projective tasvire aval be dovom ba 4 noghteye entekhabi------
figure(2);imhowq);
[u2, v2] =gi nput (4);
b2(1:2:8)=v2;
b2(2: 2:8)=uz;
e=b2";
for z=1:4
x1(z)=(p(1)*e(2*z-1)+p(2) *e(2*z) +p(3) )/ (p(7) *e(2*z- 1) +p(8) *e(2*z) +1) ;
y1(z)=(p(4)*e(2*z-1)+p(5)*e(2*z) +p(6))/(p(7)*e(2*z-1) +p(8) *e(2*z) +1);
end
xm n=m n(x1)
xmax=max(x1);
ym n=min(yl);
ymax=max(y1l)
dx=xmax- xm n;
dy=ynmax-ym n;

% - - - - nbhasebeye paraneter haye projective dar tabdile nmakoos(invers)------
a=si ze(i nput_points, 1)/2;
for i=1:a

s(2*i -1, 1)=base_poi nts(2*i-1);

s(2*i-1, 2)=base_poi nts(2*i);

s(2*i-1, 3)=1;

s(2*i-1, 4:6)=0;
s(2*i-1,7)=-(base_points(2*i-1)*input_points(2*i-1));
s(2*i-1, 8)=-(base_points(2*i-1)*input_points(2*i));

s(2*i, 4)=base _points(2*i-1);
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s(2*i,5)=base_poi nts(2*%i);
s(2*i,6)=1;
s(2*i, 1:3)=0;
s(2*i, 8) =-(base_poi nts(2*i ) *i nput _poi nts(2*i));
s(2*i,7)=-(base_points(2*i-1)*input_points(2*i));
end
c=i nv(s)*i nput_points;
% =i nv(s' *s)*s' *i nput _poi nts;

di sp(' raveshe daron yabiye norede nazare khod ra')

di sp(' ba enter kardane adade narbote entekhab konid:')
di sp(' 1- nearest nei ghbour')

di sp(' 2- bilinear interpolation')

di sp(' 3- bicubic interpolation')

ravesh=i nput (' 1/2/3? [1]:");

if isenpty(ravesh)

ravesh=1;
end
I nearest neighbour----------cmomman
swi tch ravesh
case 1
f=xm n;
g=ym n;
for i=1:dx
for j=1:dy
x=(c(1)*f+c(2)*g+c(3))/(c(7)*f+c(8)*g+l);
y=(c(4)*f+c(5)*g+c(6))/(c(7)*f+c(8)*g+l);
g=g+1;
if x<1 | x>size(q,1)
out put _i mage(i,j,:)=0;
elseif y<1 | y>size(q,?2)
out put _i mage(i,j,:)=0;
el se
out put _i mage(i,j,1)=q(round(x), round(y),1);
out put _i mage(i,j, 2)=g(round(x), round(y), 2);
out put i mage(i,j, 3)=q(round(x), round(y), 3);
end
end
f=f+1;
g=ym n;
end

figure,i mshow ui nt 8( out put _i mage)) ;
i mwite(uint8(output _imge), ' resanpl ed_nearest.jpg');
R L bilinear interpolation-------------------------

for j=1:dy
x=(c(1)*f+c(2)*g+c(3))/(c(7)*f+c(8)*g+l);
y=(c(4)*f+c(5)*g+c(6))/ (c(7)*f+c(8)*g+l);
g=g+1;
if x<1 | x>size(q,1l)
out put _i mage(i,j,:)=0;
el seif y<1 | y>size(q,?2)
out put _i mage(i,j,:)=0;
el se
| =fl oor (x);
k=fl oor(y);
aa=x-|;
bb=y- k;
out put _i mage(i,j,1)=q(l,k, 1)+aa*(q(l+1,k,1)-q(l,k,1))+bb*(q(l, k+1,1)-
q(l, k, 1)) +aa*bb*(q(l, k, 1) +gq(I +1, k+1, 1) -q(Il, k+1,1)-q(! +1, k, 1)) ;
out put _i mage(i,j,2)=q(l, k, 2)+aa*(q(l +1,k, 2)-q(l, k,2))+bb*(q(l, k+1, 2) -
q(l, k, 2)) +aa*bb*(q(l, k, 2) +q(I +1, k+1, 2)-q(l, k+1, 2)-q(! +1, k, 2));
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out put _i mage(i,j,3)=q(l, k, 3)+aa*(q(l +1,k, 3)-q(l, k, 3)) +bb*(q(l, k+1, 3) -
q(l, k, 3)) +aa*bb*(q(l, k, 3) +gq(I +1, k+1, 3)-q(Il, k+1,3)-q(! +1, k, 3));
end

end

f=f+1;

g=ym n;

end

figure,i mshow ui nt 8( out put _i mage));
i mwite(uint8(output_image), ' resanpled_bilinear.jpg');
R R T T bicubic interpolation-----------------------------

for j=1:dy
x=(c(1)*f+c(2)*g+c(3))/(c(7)*f+c(8)*g+l);
y=(c(4)*f+c(5)*g+c(6))/(c(7)*f+c(8)*g+l);
g=g+1;
if x<2 | x>size(q,1l)
out put _i mage(i,j,:)=0;
el seif y<2 | y>size(q,?2)
out put _i mage(i,j,:)=0;
el se
| =fl oor (x);
k=fl oor (y);
mel - 1;
nn=k- 1;
nmmel +2;
nnn=k+2;
sunm=0;
sumL=0;
for mEnM MMM
for n=nn:nnn
if (abs(x-nm))<1
hx=1- 2* (abs(x-m)"2+(abs(x-m)"3
el sei f 1<=(abs(x-m)<2
hx=4- 8*(abs(x-m ) +5*(abs(x-m)"2-(abs(x-m)"3;
el se
hx=0;
end
if (abs(y-n))<1
hy=1-2*(abs(y-n))"2+(abs(y-n))"3;
el seif 1l<=(abs(y-n))<2
hy=4- 8*(abs(y-n)) +5*(abs(y-n))"2-(abs(y-n))"3;
el se
hy=0;
end
suml=suml+( q(m n) *hx*hy);
end
sunm=sunl+sumnt;
end
out put _i mage(i,j, 1) =sung;
out put _i mage(i,j, 2) =sung;
out put _i mage(i,j, 3) =sung;
end
end
f=f+1;
g=ym n;
end
figure,imshow ui nt 8(out put i nage));
i mwite(uint8(output image), ' resanpled bicubic.jpg);
end

okl
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Command Window

raveshe daron wyabiye morede nazare khod ra

bha enter kardane adade mwarhote entekhab konid:
1- nearest neighbour

Z-— bilinear interpolation

3- bicubic interpolation
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