Chapter 3 Interpolation, Approximation, and Graphics
3-1 Lagrange Interpolating Polynomials

Given a set of data {(Xo,f(%0)),(X1,f(X1)),(%,f(%2)),...,(%n,f(X0))} for Xo<X;<X%:<...<X,
then there exists a unique polynomial p(X) of degree at most n with the property that

f(x)=p(x), k=0, 1, 2, ..., n, and p(x)=z f (X)L, (X), where
k=0

(X=X (X=X )+ (X=X JX = XKy ) (X= X)) _ﬁ (X=X%)

(Xk _XO)(Xk _X1)"'(Xk _Xk—l)(xk _XKH)"'(XK _Xn) - i=0 (Xk _Xi)

i=k

I-n,k (X) =

Eg. Given Xy=2, X;=2.5, and X,=4, find a polynomial to fit f(x)=1/x.
(Sol.) f(%0)=0.5, f(x;)=0.4, f(x;)=0.25

L, (0= EZ2IED e (s 10
’ (2-2.5)2-4)

L.(X) = (X—=2)(x—4) =—4x2+24x—32
’ (2.5-2)(2.5-4) 3

L, (%)= (X=2)(Xx=2.5) _ X’ —4.5%+5
’ (4—-2)(4-2.5) 3

p(x)=0.5-(x2—6.5x—10)+o.4-[ ax +324X 32)”'”[%]
=0.05x°-0.425x+1.15

The error in Lagrange polynomial for X in [a,b] is

m(x— X )(X=X, )=+ (X=X, ), where &(X) in (a,b) and fec""'[a,b]
(n+1)!

= In case X>X,, or X<Xo, the error is large. But in case Xy<X<X,, the error is small.



3-2 Cubic Spline Interpolation

A very smooth curve for connecting all the given data can be obtained by setting

SOO)=F4), Si+)=F11(Xi+1), §' (5+1)=F+1" (1), and §” (X+1)=5+1” (Xj+1), where ]=0, 1,

2 n.
Boundary condition 1:

9 ceey

7 (%0)=Sh17(X%)=0

Boundary condition 2: &’ (Xo)=f"(Xo) and S..;’ (X,)=F" (X,)
Let S;(X)=a; +b,(x=X,)+¢;(x—=X;)* +d,;(x=x,)’ and h=x;:1-X;

S, (X)) =f(x,)=a; = f(x;)
Sj (Xj+1) = Sj+1(x

j+l

S} () = Sj(x,.)) = by, =b, +2¢,h +3d,h;

Sl.1(X.) = S[(x,) = ¢,y =¢; +3dh,
3 3
= h; ¢ +2(h +hj)c; +hicy,, =h_(ai+1 —aj)—h—(aj —a)

i

— 2 3
)= 4a;,, =a; +b;h, +c;hy +d;h;

j-1

]=1,2, ...,n-1= AC=B, where A s a tri-diagonal matrix.

Input Xo, Xi, X,

vy Xp= h():X1-X(), h1:X2-X1, ..

oy 1™ X1 = a=f(%), a=f(x)), ...

an:f(xn)
Solve AC=B=C=A"'B=¢=2,j=0, 1,2, ..., n.
1 h; 1
=b, :F(aj” —aj)—?'(cm +2¢;) and d, =3T(Cj+‘ -c))

J

j

= S, (X)=a, +b;(x—X;) +¢;(x—X,)* +d;(x—X;)’

In case Boundary condition 1 is selected:

1 0 0o ... ... 0] 3 0 3
h0 2(ho +h1) hI 0 oo H(a2 _Q)_E(q —80)
A= 0 h 2(h,+h) h, *-. |, B= :
I 2@-a,)- @, -a.)
o o | =
In case Boundary condition 2 is selected:
L@-a)3r@
2h  h 0 0 | 3 3
h 2h+h) h o H(az —Q)—H(ﬂ ~a)
A=l 0 h 2R+h) h 0 | B= \ 53
: hrH 7(611—%)—f(3m—%)
i 0 0 th 2hm_ h)—l 3hﬂ
3f’(b)—E(aq ~8)




3-3 The Least-Square Approximation Method
For discrete data {(Xo,Y0),(X1,Y1),(X2,¥2)s- - .,(Xa,¥n) }, @ function y=g(X) is said to fit these

data if IZZ:[yi —g(x)]* achieves its minimum.
i=0

For a continuous function y=f(X), Xe[a,b], another function y=p(X) is said to fit the
above function if IZI:[ f(X)— p(X)]>dx is minimized.

Eg. Fit the data in the table by y=ax*+bx+c.

[ 0 1 2 3 4
Xi 0 0.25 0.5 0.75 1
Yi 1 1.284 1.6487 2.117 2.7183

4
(Sol) I =>[y,—ax’ —bx —c]*, dl/oa=0, ol/ob=0, ol/oc=0
i=0

=a=0.8347, b=0.8641, c=1.0052

Eg. Fit y=sin(nx) by y=ax’+bx+c on x & [0,1].

(Sol) | = Ll[sin(ﬂx) —(ax® +bx+ o) dx = jol sin® (x)dx + a2 jol x*dx
+b’ _[1 x*dx+ ¢ — 2aj.1 x* sin(7zx)dx — 2b J. 1 xsin(zx)dx — 2¢ .[ 1 sin(zx)dx
0 0 0 0

- 2abJ‘l x>dx — 2acj1 x2dx — 2bc'[l xadx
0 0 0
oljea=0, ol /ob=0, ol/oc=0=a=-4.12251, b=4.12251, c=-0.050465

In Matlab language, we can use the following instructions to find a polynomial to fit
the discrete data {(Xo,Yo),(X1,Y1),(X2,Y2),- - -»(Xa,Yn) }-
>>x=[40,80,120,160,200,240,280,320];

>>y=[19,35,52,69,85.4,101,118.2,133.2];

>>p=polyfit(xy,2)  Yerfstli 2 7% 2zt I (g
>>p2=poly2str(p,X) %" | x F. = T ZIFA

p:
-0.0000 0.4270 1.6286
p2=

-4.6131e-005 x*2 + 0.42696x + 1.6286

~10~



3-4 Rational Function Approximation

Let r(x)= P(X) _ Py * PXH: -+ Py Xm be approximate to f(x). If f(X)=iai X', let
ax) Qp + QX+ + QX i=0
>ax Y ax -y px
f(X)-I’(X)Z f(X)— p(X) — f(X)q(X)— p(X) — i=0 i=0 i=0 ~0

a(x) a(x) a(x)
:(Zk:qqk_ij =P, k=0,1,...,n+m

Py + P X+ P,X° + pyX°
q, + 0, X+ 0, X’

Eg. Use to approximate to €.

2 3
(Sol.) =3, m=2, k=5, e~ :1_x+x?_x?+...

2 3

Set q0=1:>[1—x+x7—x?+--}(l+qlx+ 4, X)) = (P, + P X+ P, X0 + p,X°)

1

—_— —_ —_ — + =
120 24q1 CIz G+4,=p, 3 3 1 ¥
I 5% 20X 60
= ﬁ_gq1+ qz 0, —1+C|1=p1 :>I‘(X): D 1
1+ = x+—x
1 1 5 20
_g+2q1 G=05, 1:p0

~1l~



3-5 Draw Graphs Using Matlab Language

In Matlab language, we can use the following instructions to draw the 2-dimensional
curves of X’s and y’s.

>>X:[3a2a 1 aOa- 1 5_2:_3];
>>y:[ 1 4’4a-2)-4’_2:4: 1 4]7
>>plot(xy)

>>x=[0123 4 5];
>>y1=[2.3 -0.3 4.5 6.34 1.05 2.09];
>>y2=[0.55 0.98 1.39 2.43 1.08 0.97];

>>plot(X,y1,'0",X,y2,"*");

7

6

5+




>>x=[012345],

>>y1=[2.3-0.3 4.5 6.34 1.05 2.09];
>>y2=[0.550.98 1.392.43 1.08 0.97];
>>plot(X,y1,'--0',X,y2,"--*");

7

6}

T

>>x=[3,2,1,0,-1,-2,-3];
>>y=[2.9,1.9,0.9,-0.1,-1.1,-2.1,-3.1];
>>7=[14,4,-2,-4,-2,4,14];
>>plot3(X,Y,2)

~13~



>>x = 0:0.1:2%pi; % x=0, 0.1,0.2,0.3,04, ..., 2n
>>y1 = sin(X);

>>Y2 = exp(-X);

>>plot(X, y1, '--*', X, y2, ":0");

>>xlabel('t = 0 to 2\pi');

>>ylabel('values of sin(t) and e {-Xx}")
>>title('"Function Plots of sin(t) and e™{-x}");
>>]legend('sin(t)','e™{-X}");

o I I I —1; sinft]
Rel *Sk g
(% 4 %

s

values of sinft] and &*

>>X = 0:0.1:2%pi;
>>plot(X, sin(X), X, cos(X));
>>text(pi/4, sin(pi/4),\leftarrow sin(\pi/4) = 0.707");

>>text(5*pi/4,cos(5*pi/4),'cos(5\pi/4)=-0.707\rightarrow','Horizontal Alignment',
'right');

sinfwd) = 0.787

~14~



>>x = linspace(0, 2*pi); % 7t 0 Z{ 2m fii] » 575 100 iy
>>plot(x, sin(x), o', X, cos(x), X', X, sin()+cos(x), *);

>>x = 0:0.1:4*pi; % x=0, 0.1,0.2,0.3,04, ..., 4n
>>subplot(2, 2, 1); plot(X, sin(X));
>>subplot(2, 2, 2); plot(X, cos(X));

>>subplot(2, 2, 3); plot(X, sin(X).*exp(-X/5));

>>subplot(2, 2, 4); plot(X, X."2);
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>>x=linspace(0, 2%pi); % 7t 0 £ 2 [ » 575 100 i
>>y1=sin(X);

>>y2=exp(-X);

>>plotyy(6 Y1, X, y2); % SRS T y 1 ST BIEL YL, y2

>>theta=linspace(0, 2*pi);
>>r=cos(4*theta);
>>polar(theta,r);

~16~



In Matlab language, we can use the following instructions to draw the surfaces of X’s,
y’s, and Z’s.

>>x=linspace(-2, 2, 25);
y=linspace(-2, 2, 25);
[XX,yy]=meshgrid(X, y);
ZZ=XX ¥ eXp(-XX2-YY."2); Yo 2=Xexp(-X-Y’)
mesh(xx, Yy, zz) % draw z=xexp(-x’-y’)

File Fiew Inset Tools Window Help

lozga xar/ 20

>>surf(XX, Yy, 22)

=]}
e Bl Yww bend Dok Hudow Help

D8 xA A/ PR

>>contour(XX, VY, Z2)

~17~



>>x=[1,2,3,4; 1,2,3,4; 1,2,3,4; 1,2,3,4; 1,2,3.4;];
y=[1,1,1,1;2,2,2,2;3,3,3,3;4,4,4,4;5,5,5,5];
z=[0,2,1.5,1; 3,5,6,4; 5,6.5,8,5; 2,3,5,3; 0,1,1,0];
mesh(X)y,2)

>>7=(0,2,1.5,1; 3,5,6,4; 5,6.5,8,5; 2,3,5,3; 0,1,1,0];
mesh(2);
xlabel('X axis= column index');
ylabel("'Y axis= row index');
for i=1:size(z1)

for j=1:size(z2)

h=text(j, I, (i,})));

end

end

Y axis= row index T

# anis= column index

~18~



Eg. A MATLAB function of drawing 3D/2D profiles (by Dr. W.- Y. Wu ﬁﬁéﬁﬂ{ﬁ?

1)

Source program:
%read a file and plot
function draw(F,N)

fid=fopen(F,'r");
A=fscanf(fid,'%e',[N,inf]);

A=A

M=size(A1);

if N==2
plot(A(:,1),A(:,2));

elseif N==3
count=0;
for I=1:M

if A(1)==A(1)
count=count+1;
else
break;
end
end
X=zeros(count,M/count); Y=X; Z=X;
for t=1:M
X(t)=At,1);
Y(1)=A(t,2);
Z(H)=A(t,3);
end
figure
mesh(X,Y,2);
figure
plot3(X)Y,2);
figure
contour(X,Y,Z2);
figure
contour3(X,Y,2);
else
disp(‘error input');
end
fclose(fid);
Usages:
1. draw (‘c:\directory\3Dfilename’,3)
2. draw (‘c:\directory\2Dfilename’,2)

~19~



>>draw ('D:\matlab\bin\fort.11',3)
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Eg. A modified MATLAB function of drawing 3D profiles from distinct view
angles (by Dr. G. -D. Chang 9;'%[—51,'] f%f',]'ﬁﬂ )
Source program:

function drawc(F,N,anglel ,angle2)

fid=fopen(F,'r");

A=fscanf{(fid,'%e",[N,inf]);

A=A,

M=size(A1);

if N==2
plot(A(:,1),A(:,2));

elseif N==3
count=0;
for I=1:M

if A(1)==A(l)
count=count+1;
else
break;
end
end
X=zeros(count,M/count); Y=X; Z=X;
for t=1:M
X(t)=At,1);
Y(t)=A(t,2);
Z(t)=A(,3);
end
figure
mesh(X,Y,2);
view([anglel,angle2]);
figure
plot3(X,Y,2);
view([anglel,angle2]);
figure
contour(X,Y,Z);
view([anglel,angle2]);
figure
contour3(X,Y,2);
view([anglel,angle2]);
else
disp(‘error input');
end
fclose(fid);



Usage: drawc (‘c:\directory\3Dfilename’,3,anglel,angle2)
>>drawc ('D:\matlab\bin\fort.11',3,30,50)

~D2D~



Eg. A MATLAB function of drawing distinct 2D curves (by Dr. G. -D. Chang)
Source program:

function draw2D(F,N)

fid=fopen(F,'r");

A=fscanf{(fid,'%e",[N,inf]);

fclose(fid);

%clear;

%N=14;

%A=rand(N,100);

A=A

ik=1;

for id=1:2:N
AX(:,TK)=A(:,1d);
AY(LIK=AC,IdHD);
ik=ik+1;

end

h1=plot(Ax,Ay);

set(hl,'linewidth',2);

Usage: draw2D (‘c:\directory\filename having n 2D curves’, 2n)
>>draw2D ('D:\matlab\bin\fort.13',4)

0.3
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0.2

0.15

0.1p

0.05
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3-6 Image Processing by Matlab Language
Matlab }"F’,—?J fH

imread HIZVEY (i
imshow B 5y i
imwrite e
ginput T EIp iy

round [ “‘Tﬁ S

floor S ?ﬁ =4
ceil A RIFEN
rgb2gray LY 7 [
eval T ﬂ b
aviread A1V AVI A
aviinfo FiTV AVI FHEL
histeq TIE55T)
mean I L5

Eg. Reconstruction of 3D trajectory of flying baseball by two digital video
cameras-Version 1. Assume the pixels of the video screen are 480x720. (by B. -H.

Chen, Bﬁﬁ'lﬁﬁ)
(Sol.) clear all;
rgbl=imread('1\1.jpg"); rgb2=imread('1\2.jpg"); rgb3=imread('1\3.jpg");
rgb4=imread('1\4.jpg"); rgb5=imread('1\5.jpg"); rgb6=imread('1\6.jpg");
rgbup=uint8(abs(double(rgh6)-double(rgb5))+abs(double(rgb5)-double(rgh4))+abs(d
ouble(rgb4)-double(rgh3))+abs(double(rgb3)-double(rgh2))+abs(double(rgh2)-double
(rgb1)));
rgbl=imread('2\1.jpg"); rgb2=imread('2\2.jpg"); rgb3=imread('2\3.jpg");
rgb4=imread('2\4.jpg'); rgb5=imread('2\5.jpg"); rgb6=imread('2\6.jpg");
rgb7=imread('2\7.jpg'); rgb8=imread('2\8.jpg"); rgh9=imread('2\9.jpg");
rgbleft=uint8(abs(double(rgh9)-double(rgh8))+abs(double(rgb8)-double(rgh7))+abs(d
ouble(rgb7)-double(rgh6))+abs(double(rgh6)-double(rgb5))+abs(double(rgb5)-double
(rgb4))+abs(double(rgb4)-double(rghb3))+abs(double(rgb3)-double(rgb2))+abs(double
(rgb2)-double(rgbl)));
nl=1; n2=1; n3=1; x1(1)=0; y1(1)=0; x2(1)=0; y2(1)=0;
for j=1:720,
k1=0; k2=0; sum1=0; sum2=0;
for i=1:480,
if rgbup(i,j,1)>=80 & rgbup(i,j,2)>=80 & rgbup(i,j,3)>=80,
suml=suml-+(481-i); k1=k1+1;

end

~24~



if rgbleft(i,j,1)>=80 & rgbleft(i,j,2)>=80 & rgbleft(i,j,3)>=80,
sum2=sum2+(481-i); k2=k2+1;

end

if kK1~=0 && suml~=0 && i==480,
x1(nl)y=sumi/k1; y1(nl)=j; n1=nl1+1;

end

if k2~=0 && sum2~=0 && i==480,
x2(n2)=sum2/k2; y2(n2)=j; n2=n2+1;

end

if kK1~=0 && suml~=0 && k2~=0 && sum2~=0 && i==480,
X(n3)=j; y(n3)=x1(n1-1); z(n3)=x2(n2-1); n3=n3+1;

end

end

end

subplot(3,2,1); image(rgbup);

subplot(3,2,2); image(rgbleft);

subplot(3,2,3); plot(y1,x1); axis([0,720,0,480]);
subplot(3,2,4); plot(y2,x2); axis([0,720,0,480]);
subplot(3,2,5); plot(480-y,z); axis([0,480,0,480]);
subplot(3,2,6); plot3(X,y,2); axis([0,720,0,480,0,480]);
Results:

100
200
300
400

100
200
300
400

100 200 300 400 500 &BOOD 70O 100 200 300 400 500 60O 70O

400 b 400 |

200k J 200 ~’\H\>\§ J

0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 70O

400
200

400 R
200

200 400 50D u

o =
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http://faculty.pccu.edu.tw/~meng/GTV-trajectory.WMV

Modified results (The range of judging strike is depicted):

100 100
200 200
300 300
400 400
00 200 300 400 &0 BOD 700 00 200 300 400 500 BOO 70D
40| 1 4no} ]
-\_\_\_\_\_\_\_‘—\—\_\_
200t 1 oot \\\ 1
D 1 1 1 1 1 1 1 D 1 1 1 L 1 1 1
O 100 200 300 400 &0 GO0 70D O 00 00 00 400 &00 GO0 70D
7 SDIEREREER
400 X I SRR R R TR
4 400
0 200
0 200 400 B00

.".The flying ball is not a strike. It is a ball!

Matlab ¥ %’F’Ltkﬁfﬁ AVI %
&4 DVSD codec fi' & Matlab ¥ £ DVSD Fﬁ?“ Y AVI.
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http://faculty.pccu.edu.tw/~meng/DaAi-trajectory.WMV

Eg. Reconstructions of 3D trajectory of pitched baseball by two digital video
cameras-Version 2. (AutoReadVideo.m by B. -H. Chen)

(Sol.)
;I.Iﬂ-_ B ChLS II-!. m_— E:‘:l.lin anE
HEE-NEORENRRE N RIE R R — 12300 S NN

(2005-5-4)

clc;

clear all;

close all;

Yo----==------ filter setting---------------

%Dblim=[70,70]; % Range:0~255

read_type='v'; % v -> video or p -> picture

filtercontrol=[9,9];% 0,1,3

filterline=[1,300];

afilterline=[1,1];

Y%inferi=[1,1];

%inferf=[2,3];

sample=[0.7,0.7326];

contrast_select=[9,9]; % 0 -> Increase the contrast , others -> close this function (only
picture type)

predict num=10; % predict number , predict the in/out trajectory
distance=[300,300];

%
%°Find the picture number
if read type=='p/,

filetype=jpg";
filetarget={"1\","2\'};
path1=dir(char(filetarget(1)));
path2=dir(char(filetarget(2)));
files _count=[0 0];
for j=1:2,

for i=1:length(eval(['path' int2str(j)])),

if findstr(getfield(eval(['path’ int2str(j) '(i)']),'name"),filetype),

~2T~


http://faculty.pccu.edu.tw/~meng/Hwa-Kang%20Trajectory.wmv

files_count(j)=files_count(j)+1;
end
end
end
filenumber=files count;

end
%
for timec=1:2,
% Control filter:33>#1|3} P~ jpé i3
clear find;
if filtercontrol(timec)==0,
i0=1;

i 1=(481-filterline(timec));
elseif filtercontrol(timec)==1,
10=(481-filterline(timec));
i11=480;
elseif filtercontrol(timec)==3,
10=(481-afilterline(timec));
i 1=(481-filterline(timec));
else
i0=1;
i11=480;
end
im_cal=0;im_past=0;
if read type=='v',
% get Up or left/right: §] * ¢ X
f_string=sprintf('%d.avi',timec);
Videolnfo = aviinfo(f_string);
| _frame_stop=Videolnfo.NumFrames;
forix=1:1:1_frame_stop
Video=aviread(f_string,ix);
ifix>1,
im_cal=im_cal+abs(double(Video.cdata)-double(im_past));
im_past=Video.cdata;
else
im_past=Video.cdata;
end

end
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else
for i=1:filenumber (timec),
rgb(:,:,:,i)=imread([filetarget {timec} int2str(i) " filetype]);
if contrast_select(timec)==0,
rgb(:,:,1,1)=histeq(rgb(:,:,1,1));%histeq() 7 i* ¥*
rgb(:,:,2,i)=histeq(rgb(:,:,2,1));
rgb(:,:,3,i)=histeq(rgb(:,:,3,1));
end
if i>=2,
im_cal=im_cal+abs(double(rgb(:,:,:,i))-double(rgb(:,:,:,i-1)));
end
end
end
eval(sprintf('rgbo%d=uint8(im_cal);',timec));
Yodth & A Pt
im=rgb2gray(eval(sprintf('rgbo%d',timec)));
%imFmean(eval(sprintf('rgbo%d',timec)),3)
%Iime=rgb2ycber(eval(sprintf('rgbo%d',timec)));
im=im(:,:,1);
blim=uint8(double(max(max(im)))*sample(timec));
n=1;1k=0;y=0;x=0;0=1;t=2;Inc=0;
%P8 ¢ £ 8

for j=1:720,
k=0;
Sum=0;
for i=i0:i1,
ifim(i,j)>blim,
sum=suM+(481-i);
k=k+1;
end
if kv=0 && sum~=0 && i==il,
if Ik==0,
Ik=k;
elseif K>lk && o==1,
0=0;
no=n;
elseif k<lk && 0==0,
o=1;
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nc=no+n;
if mod(nc,2)~=0,
nc=nc-1;
end
nc=nc/2;
if nc~=Inc,
find(1,t)=y(nc);
find(2,t)=x(nc);
t=t+1;
fprintf('x=%.0f y=%.0f\n",y(NnC),x(NC));
end
Inc=nc;
end
X(n)=sunvk;
y(n)=j;
n=n+1;
Ik=k;
end
end
end
find(1,1)=1;
Yown = BLIE P

temp=(find(2,3:(3+predict_num))-find(2,2:(2+predict_num)))./(find(1,3:(3+predict_n
um))-find(1,2:(2+predict_num)));
find(2,1)=find(2,2)-mean(temp)*(find(1,2)-find(1,1));

%find(2,1)=find(2, 1 +inferi(timec))-(find(2,2+inferi(timec))-find(2, 1 +inferi(timec)))/(f
ind(1,2+inferi(timec))-find(1,1+inferi(timec)))*(find(1,1+inferi(timec))-find(1,1));
if find(2,t-1)<=480,
find(1,1)=720;
% 1s ¥ BEFE IR

temp=(find(2,(t-predict_num):(t-1))-find(2,(t-predict_num-1):(t-2)))./(find(1,(t-predict
_num):(t-1))-find(1,(t-predict_num-1):(t-2)));
find(2,t)=tind(2,t-1)+mean(temp)*(find(1,t)-find(1,t-1));

%find(2,t)=find(2,t-inferf(timec))+(find(2,t-inferf(timec))-find(2,t-inferf(timec)-1))/(fi



nd(1,t-inferf(timec))-find(1,t-inferf(timec)-1))*(find(1,t)-find(1,t-inferf(timec)));
end
eval(sprintf('apic%d=find;',timec));
end
Yot fi s 3B b+ B iE
t=1;
tcl=l1;
tc2=1;
if max(apicl(1,:))<max(apic2(1,:)),
comp=max(apicl(l1,:));
else
comp=max(apic2(1,:));
end
% £ i F i
for i=1:comp;
if i==1,
d3(1,i)=i;d3(2,i)=apicl(2,1);d3(3,i)=apic2(2,1);
elseif i==max(apicl(1,:)) && max(apicl(1,:))~=720,
d3(1,i)=i;d3(2,i)=max(apicl(2,:));d3(3,i)=d3(3,i-1);
elseif 1==720,
d3(1,i)=i;d3(2,i)=apicl(2,length(apicl));d3(3,i)=apic2(2,length(apic2));
else
d3(1,i)=i;
while i~=0,
ifi>=apicl(1,tcl) && i<apicl(1,tcl+1),
break;
else
tcl=tcl+1;
end
end
A=apicl(1,tcl+1)-apicl(1,tcl);
B=apicl(2,tcl+1)-apicl(2,tcl);
if A==0,
d3(2,i)=apicl(2,tcl);
else
d3(2,i)=B/A*(i-apicl(1,tcl))+apicl(2,tcl);
end
while i~=0,
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if i>=apic2(1,tc2) && i<apic2(1,tc2+1),
break;
else
te2=tc2+1;
end
end
A=apic2(1,tc2+1)-apic2(1,tc2);
B=apic2(2,tc2+1)-apic2(2,tc2);
if A==0,
d3(3,i)=apic2(2,tc2);
else
d3(3,i)=B/A*(i-apic2(1,tc2))+apic2(2,tc2);
end
end
end
%% )
figure(1);
subplot(2,2,1); image(rgbol); subplot(2,2,2); image(rgbo2);
subplot(2,2,3); plot(apicl(1,:),apicl(2,:)); axis([0, 720,0,480]);
subplot(2,2.,4); plot(apic2(1,:),apic2(2,:)); axis([0, 720,0,480]);
figure(2);
plot3(d3(1,:),d3(2,:),d3(3,:),'0");
grid;
view(8,30);
axis([0, 720,0, 720,0,480]);
%hgsave(figure(1),'figl");
%hgsave(figure(2),'fig2");
%figure,image(rgbol);
%figure,
Yoplot(apicl(1,:),apicl(2,:));
%axis([0, 720,0,480]);
%figure,image(rgho2);
Y%figure,
Yoplot(apic2(1,:),apic2(2,:));
%axis([0, 720,0,480]);
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Eg. Reconstruction of 3D trajectory of flying baseball by two

cameras-Version 3. (AutoReadVideol.m by B. -H. Chen)
(Sol.)

clc;

clear all;

close all;

warning off MATLAB:mir_warning_variable used as function
%
sample=[0.5,0.5];

predict num=4; % predict number , predict the in/out trajectory
distance=[300,300];

%
for timec=1:2,

clear find;
im_cal=0;im_past=0;
% get Up or left/right: F[|*'] &1 5%
f_string=sprintf('%d.avi',timec);
fprintf("\nVideo %d \n',timec);
Videolnfo = aviinfo(f_string);
|_frame stop=Videolnfo.NumFrames;
I_Width=Videolnfo.Width;
|_Height=Videolnfo.Height;
for ix=1:1:1_frame stop
Video=aviread(f_string,ix);
ifix>1,
im_diff=abs(double(Video.cdata)-double(im_past));
if max(max(max(im_diff)))<20,
continue;
end
im_cal=im_cal+im_diff;
im_past=Video.cdata;
else
im_past=Video.cdata;
end
end
eval(sprintf('rgbo%d=uint8(im_cal);',timec));
% W
imergb2gray(eval(sprintf('rgbo%d',timec)));
im=im(:,:,1);
~34~
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blim=uint8(double(max(max(im)))*sample(timec));
n=1;1k=0;y=0;x=0;0=1;t=2;Inc=0;
%IV ?J ST ’FF'['
for j=1:1_Width,
k=0;
Sum=0;
for i=1:1_Height,
if double(im(i,j))>double(blim),
sumEsum(1_Height+1-i);
k=k+1;
end
if k~=0 && sum~=0 && i==I_Height,
if [k==0,
Ik=k;
elseif k>lk && o0==1,
0=0;
no=n;
elseif k<lk && 0==0 ,
o=1;
nc=no+n;
if mod(nc,2)~=0,
nc=nc-1;
end
nc=nc/2;
if nc~=Inc,
find(1,t)=y(nc);
find(2,t)=x(nc);
t=t+1;
fprintf('x=%.0f y=%.0f\n",y(nc),x(nc));
end
Inc=nc;
end
x(n)=sunmvk;
y(m=i;
n=n+1;
Ik=k;
end

end



end
find(1,1)=1;
Yo R

temp=(find(2,3:(3+predict_num))-find(2,2:(2+predict_numy))./(find(1,3:(3+predict_num))-fin
d(1,2:(2+predict_num)));
find(2,1)=find(2,2)-mean(temp)*(find(1,2)-find(1,1));

%find(2,1)=find(2, 1 +inferi(timec))-(find(2,2+inferi(timec))-find(2, 1 +inferi(timec)))/(find(1,2
+inferi(timec))-find(1,1+inferi(timec)))*(find(1, 1+inferi(timec))-find(1,1));
if find(2,t-1)<=I1_Height,
find(1,t)=1_Width;
Yo RIEH

temp=(find(2,(t-predict_num):(t-1))-find(2,(t-predict_num-1):(t-2)))./(find(1,(t-predict_num):(
t-1))-find(1,(t-predict_num-1):(t-2)));
find(2,t)=find(2,t-1)+mean(temp)*(find(1,t)-find(1,t-1));

%find(2,t)=find(2,t-inferf(timec))+(find(2,t-inferf(timec))-find(2,t-inferf(timec)-1))/(find(1,t-i
nferf(timec))-find(1,t-inferf(timec)-1))*(find( 1,t)-find(1,t-inferf(timec)));
end

eval(sprintf('apic%d=find;',timec));

end

Yok =i IR BT
t=1;

tcl=1;

tc2=1;

if max(apicl(1,:))<max(apic2(1,:)),
comp=max(apicl(l,:));
else
comp=max(apic2(1,:));
end
Yo 1 H Y it
for i=1:comp;
ifi==1,
d3(1,i)=i;d3(2,i)=apicl(2,1);d3(3,i))=apic2(2,1);
elseif i==max(apicl(1,:)) && max(apicl(1,:))~=720,
d3(1,i)=1;d3(2,i)=max(apicl(2,:));d3(3,1))=d3(3.,i-1);



elseif i==720,
d3(1,i)=i;d3(2,i)=apicl(2,length(apicl));d3(3,i)=apic2(2,length(apic2));
else
d3(1,i)=i;
while i~=0,
ifi>=apicl(l,tcl) && i<apicl(1,tcl+1),
break;
else
tcl=tcl+1;
end
end
A=apicl(1,tcl+1)-apicl(1,tcl);
B=apicl(2,tcl+1)-apicl(2,tcl);
if A==0,
d3(2,h=apicl(2,tcl);
else
d3(2,iy=B/A*(i-apicl(1,tcl))+apicl(2,tcl);
end
while i~=0,
if i>=apic2(1,tc2) && i<apic2(1,tc2+1),
break;
else
tc2=tc2+1;
end
end
A=apic2(1,tc2+1)-apic2(1,tc2);
B=apic2(2,tc2+1)-apic2(2,tc2);
if A==0,
d3(3,h)=apic2(2,tc2);
else
d3(3,i)=B/A*(i-apic2(1,tc2))+apic2(2,tc2);
end
end
end
Yorél
figure(1);
subplot(2,2,1);
image(rgbol);
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subplot(2,2,2);

image(rgho2);

subplot(2,2,3);
plot(apicl(1,:),apicl(2,:));
axis([0, |_Width,0,I_Height]);
subplot(2,2,4);
plot(apic2(1,:),apic2(2,:));
axis([0, |_Width,0,I_Height]);
figure(2);
plot3(d3(1,:),d3(2,:),d3(3,:),'0");
grid;

view(8,30);

axis([0, |_Width,0, | Width,0,1 Height]);
%hgsave(figure(1),'figl");
%hgsave(figure(2),'fig2");
%figure,image(rgbol);
Y%figure,
Y%plot(apicl(1,:),apicl(2,:));
%axis([0, 720,0,480]);
%figure,image(rgbo2);
Yfigure,
Y%plot(apic2(1,:),apic2(2,:));
%axis([0, 720,0,480]);
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Eg. % YB3V 2 O » 2| gt 2 R AT

% Example: Graphical input from mouse.

clear all;
im=imread('DingDangFly",'jpg");
imshow(im);
while 1,

[X.y,button]=ginput(1);

if button~=1, break;

end

fprintf("nx=%d y=%d %d',round(X),round(y));

end

close all;

) MATLAR
File Edit View Web Window Help

0O =

% B o o | & | ? |CWVEF'TD"EC15W ICancumarﬂs and Settingsimark s B wi\Graphing

Experiment 1: Download Graphln.m and DingDangFly.jpg

g

Cureart Directery

IC:\]]ncuments and smings\mark\ﬁﬁ\wk\sraphlni;ﬂ J| (i ‘ &

imshaw(x )
imshowlxg:,:, 1))
imshow(x(:,:,2))
imshow(x(:, -, 3))
imshow(x{:,:,1))
imshow(im)

B-- 7714406 1:20 PM --E

clear all;

x=4 y=3
A11 Files |Flle Twpe |Last Modified |]]escr %=26 y=35
inglangFly . jpg TPG File 0z-t£H-2008 03:05 FF x=52 y=73
x=104 y=114
x=131 y=162
=186 y=233
x=220 y=321
¥=274 =381
x=302 y=399
x=208 y=297
x=119 y=345
al | ;I x=181 y=268
LT workepae | cumentDirectory | 2253 o171
€ i x=272 y=73
help - E—— | S LR
lookfor cher x=160 y=166
imzhow{ rgho ) i
imshow( rgho );
sorebdycber(ighod]) Find Coordinate

Deds !

ile Edit View Insert Tools Window Help

Mouse Input

TN

clo j

4 Start
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http://faculty.pccu.edu.tw/%7Emeng/GraphIn.m
http://faculty.pccu.edu.tw/%7Emeng/DingDangFly.jpg

Eg. Reconstruction of 3D trajectory of flying baseball by

cameras-Version 4. (AutoReadVideo3.m by :F‘*i[;ﬁifﬁ"‘é)

clc;

clear all;

close all;

warning off MATLAB:mir warning variable used as function
%
sample=[0.5,0.5];

predict num=4; % predict number , predict the in/out trajectory
distance=[300,300];

%

for timec=1:2,

clear find;
im_cal=0;im_past=0;
% get Up or left/right: F[|¥'| €1
f string=sprintf('%d.avi',timec);
fprintf("\nVideo %d \n',timec);
Videolnfo = aviinfo(f_string);
I frame stop=Videolnfo.NumFrames;
I Width=Videolnfo.Width;
I Height=Videolnfo.Height;
for ix=1:1:1 frame stop
Video=aviread(f string,ix);
if ix>1,
im_diff=abs(double(Video.cdata)-double(im_past));
if max(max(max(im_diff)))<20,
continue;
end
im_cal=im_cal+im_diff;
im_past=Video.cdata;
else
im_past=Video.cdata;
end
end
eval(sprintf('rgbo%d=uint8(im_cal);',timec));
% W
im=rgb2gray(eval(sprintf('rgbo%4d',timec)));
im=im(:,:,1);
blim=uint8(double(max(max(im)))*sample(timec));
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n=1;1k=0;y=0;x=0;0=1;t=2;Inc=0;
%IV EJ e f%[’
for j=1:1_ Width,
k=0;
sum=0;
for i=1:1_Height,
if double(im(i,j))>double(blim),
sum=sum-+(I Height+1-i);
k=k+1;
end
if k~=0 && sum~=0 && i==I Height,
if Ik==0,
lk=k;
elseif k>lk && o==1,
0=0;
no=n;
elseif k<lk && 0==0,
o=I;
nc=no-+n;
if mod(nc,2)~=0,
nc=nc-1;
end
nc=nc/2;
if nc~=Inc,
find(1,t)=y(nc);
find(2,t)=x(nc);
t=t+1;
Y% fprintf('x=%.0f y=%.0f\n',y(nc),x(nc));
end
Inc=nc;
end
x(n)=sum/k;
y(m)=j;
n=n+1;
lk=k;
end
end

end

~43~



find(1,1)=1;
Qi

temp=(find(2,3:(3+predict num))-find(2,2:(2+predict num)))./(find(1,3:(3+predict num))-fin
d(1,2:(2+predict_num)));
find(2,1)=find(2,2)-mean(temp)*(find(1,2)-find(1,1));

%find(2,1)=find(2,1+inferi(timec))-(find(2,2+inferi(timec))-find(2, 1 +inferi(timec)))/(find(1,2
+inferi(timec))-find(1, 1 +inferi(timec)))*(find(1,1+inferi(timec))-find(1,1));
if find(2,t-1)<=I_Height,
find(1,t)=I_ Width;
% EA

temp=(find(2,(t-predict_ num):(t-1))-find(2,(t-predict num-1):(t-2)))./(find(1,(t-predict num):(
t-1))-find(1,(t-predict num-1):(t-2)));
find(2,t)=find(2,t-1)+mean(temp)*(find(1,t)-find(1,t-1));

%find(2,t)=find(2,t-inferf(timec))+(find(2,t-inferf(timec))-find(2,t-inferf(timec)-1))/(find(1,t-i
nferf(timec))-find(1,t-inferf(timec)-1))*(find(1,t)-find(1,t-inferf(timec)));
end

eval(sprintf(‘apic%d=find;',timec));

end

ol =Ty BRRY s Bl
t=1;

tcl=1;

tc2=1;

if max(apicl(1,:))<max(apic2(1,:)),
comp=max(apicl(1,:));
else
comp=max(apic2(1,:));
end
%I FRY
for i=1:comp;
if i==1,
d3(1,1)=i;d3(2,1)=apicl(2,1);d3(3,i)=apic2(2,1);
elseif i==max(apic1(1,:)) && max(apicl(1,:))~=720,
d3(1,1)=i;d3(2,1)=max(apic1(2,:));d3(3,i)=d3(3,i-1);
elseif i==720,
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d3(1,1)=i;d3(2,1)=apicl(2,length(apicl));d3(3,i)=apic2(2,length(apic2));
else
d3(1,1)=i;
while i~=0,
if i>=apicl(1,tcl) && i<apicl(l,tc1+1),
break;
else
tcl=tcl+1;
end
end
A=apicl(l,tcl+1)-apicl(1,tcl);
B=apicl(2,tc1+1)-apicl(2,tcl);
if A==0,
d3(2,i)=apicl(2,tcl);
else
d3(2,1)=B/A*(i-apic1(1,tcl))+apicl(2,tcl);
end
while i~=0,
if i>=apic2(1,tc2) && i<apic2(1,tc2+1),
break;
else
tc2=tc2+1;
end
end
A=apic2(1,tc2+1)-apic2(1,tc2);
B=apic2(2,tc2+1)-apic2(2,tc2);
if A==0,
d3(3,i)=apic2(2,tc2);
else
d3(3,1)=B/A*(i-apic2(1,tc2))+apic2(2,tc2);
end
end

end

0 oﬁ@ﬁ"ﬁﬂ
figure(1);

subplot(2,2,1);
image(rgbol);
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set( gca, 'XTick', [], "YTick, []);
subplot(2,2,2);

image(rgbo2);

set( gca, 'XTick', [], "YTick', []);
subplot(2,2,3);
plot(apicl(1,:),apic1(2,:));
axis([0, I Width,0,I Height]);
set( gca, 'XTick', [], "YTick, []);
subplot(2,2,4);
plot(apic2(1,:),apic2(2,:));
axis([0, I Width,0,I Height]);
set( gca, 'XTick', [], "YTick', []);
e e e e
figure(2);
plot(apicl(1,:),apic1(2,:),-");
axis([0, I Width,0,I Height]);
set( gca, 'XTick', [], "YTick, []);
hold on;

sum=0;

while sum<1
sum=sum-+1;
[x,y,button]=ginput(4);
if button~=1, break;
end
fprintf("\nx=%d x=%d x=%d x=%d y=%d y=%d y=%d y=%4d \n',round(x),round(y));
end
p3=round(x);
p4=round(y);
x11=(p3(1,1)+p3(2,1))/2;
xrr=(p3(3,1)+p3(4,1))/2;
yuu=(p4(1,1)+p4(4,1))/2;
yif=(p4(2,1)+p4(3,1))/2;
XDD=xIl:1:xrt;
xboxx=round(xrr-xIl);
yxdd=interp1(apicl(l,:),apic1(2,:),XDD);
yggg=yxdd(1,1);
ycce=yxdd(1,xboxx);
if yggg>=yff& &yggg<=yuu&&yccc>=yff&&ycce<=yuu
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titlg((" Tty a ggin g the region !Ny )
else

titlg(('" T I h ot passing the region "MTTTTITTTITTITITHYyy
end

%fill(p3,p4,'y")

p33=[xIl xIl xrr xrr];

p44=[yuu yff yff yuu];

fill(p33,p44.'y")

%
%
figure(3);
plot(apic2(1,:),apic2(2,:),-");
axis([0, I Width,0,I Height]);
set( gca, 'XTick', [], "YTick', []);
hold on;

sum=0;

while sum<1
sum=sum-+1;
[x,y,button]=ginput(4);
if button~=1, break;
end
fprintf("\nx=%d x=%d x=%d x=%d y=%d y=%d y=%d y=%4d \n',round(x),round(y));
end
pl=round(x);
p2=round(y);
xI=(p1(1,1)+p1(2,1))/2;
xr=(p1(3,1)+p1(4,1))/2;
yu=(p2(1,1)+p2(4,1))/2;
yE=P2(2,1)+p2(3,1))/2;
XD=xl:1:xr;
xbox=round(xr-xl);
yxd=interp1(apic2(1,:),apic2(2,:),XD);
ygg=yxd(l,1);
yce=yxd(1,xbox);
if ygg>=yf& &ygg<=yu&&ycc>=yf&&ycc<=yu
tiglg(( ity agsing the region !t rynirynryy
else

title((”m"”""""""”""”"”"”""1’101: paSSlng the reglOl’l

ALALR AR AR IR RARARARARARARARARAALALRLALALALALALALALY HHIH))
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end
%fill(p1,p2,'y")
pl1=[xI xI xr xr];
p22=[yu yf yf yu];
fill(p11,p22,'y")

%
%
figure(4);

plot3(d3(1,:),d3(2,:),d3(3,:),'0");

set( gca, 'XTick', [], "YTick', [1,'ZTick',[]);

grid;

view(8,30);

axis([0, I _Width,0, T Width,0,I Height]);

rotate3d on

if

yggg>=yff&&yggg<=yuu&&yccc>=yff&&yccec<=yuu& &ygg>=yf&&ygg<=yu&&ycc>=yf

&&yce<=yu
il Gpjjee [] iy
else
ity Ball Y )
end
%figure(5);
%plot3(d3(1,:),d3(3,:),d3(2,:),'0");
Yogrid;
%view(8,30);
%axis([0, I Width,0, I Width,0,I Height]);

%hold on
%plot3(p3,p4,pl,'r');
%plot3(bb,b,b,'r");
%rotate3d on
%if yI>=150&&yl<=300&&yj>=150&&yj<=300
%  title(("wuts a nice strike !!!"))
%else
% Lglg (M IOy g [ || g e’ vy
%end
%set( gca, 'XTick', [], "YTick', []);
%set(get(gca,'color'),'color’,'g")
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%figure(4);
%plot(apic2(1,:),apic2(2,:));
%axis([0, I Width,0,I Height]);

%hgsave(figure(3),'fig3");
%hgsave(figure(4),'figd");
%splinetool(apic2(1,:),apic2(2,:));
%splinetool(apicl(1,:),apicl(2,:));
Y%figure,image(rgbol);

Y%ofigure,
%plot(apicl(1,:),apicl(2,:));
%axis([0, 720,0,480]);
%figure,image(rgbo2);

Y%figure,
%plot(apic2(1,:),apic2(2,:));
%axis([0, 720,0,480]);

Eg. A MATLAB program of transforming an AVI file into several bmp files (by
IR @T{E?:‘ )

Source program:

clear;

f_string=sprintf('d:\\kitty1.avi');
Videolnfo = aviinfo(f_string);

| _frame_stop=Videolnfo.NumFrames;

forix=1:1:1_frame_stop
Video=aviread(f_string,ix);
image_string=sprintf('d:\\%d.bmp',iX);
imwrite(Video.cdata,image_string,'bmp');
disp(ix);

end
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Experiment 2: Download AutoReadVideo.m (by [{if} lﬁﬁ), AutoReadVideo3.m (by
f_[ 7€), AutoReadVideo4.m and StrikeRegion.m (by - | ﬁ 4.), down.jpg, up.ipg,

dvdemocodecv2.1.exe, 1.avi, and 2.avi
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///
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0 200 400 600 0
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http://faculty.pccu.edu.tw/%7Emeng/AutoReadVideo.m
http://faculty.pccu.edu.tw/%7Emeng/AutoReadVideo3.m
http://faculty.pccu.edu.tw/%7Emeng/AutoReadVideo4.m
http://faculty.pccu.edu.tw/%7Emeng/StrikeRegion.m
http://faculty.pccu.edu.tw/%7Emeng/down.jpg
http://faculty.pccu.edu.tw/%7Emeng/up.jpg
http://faculty.pccu.edu.tw/%7Emeng/dvdemocodecv2.1.exe
http://faculty.pccu.edu.tw/%7Emeng/1.avi
http://faculty.pccu.edu.tw/%7Emeng/2.avi
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