CMSC 828D Fundamentals of Computer Vision

CMSC 828D: Fundamentals of Computer Vision
Homework 7

Instructors: Larry Davis, Ramani Duraiswami,
Daniel DeMenthon, and Yiannis Aloimonos

Solution based on homework submitted by Haiying Liu

1. Write a Matlab function that outputs the homogeneous coordinates of the 12 lines that
are the images of the edges of the cube (these are linesin the image plane. Refer to dlide
11 of the class on Projective Geometry, and use the Matlab function cross).

Solution: Please see gppendix for Matlab script and results.

2. Find the homogeneous coordinates of the 3 vanishing points of the image of the cube.
These are the intersections of the image lines corresponding to paralle edges of the
cube (refer to dide 11 of Projective Geometry again for a method for finding
intersections between lines. Refer to dide 36 of class 3 on cameras for a review on
vanishing points).

Solution: Please see appendix for Matlab script and results.

3. Each vanishing point is the image of a point at infinity of the form (d, 0), whered is a
Euclidean vector with 3 coordinates expressing the direction of a cube edge. Show that
the coordinates of a vanishing point v can be expressed asv = K R d, where K is the

calibration matrix and R is the rotation matrix between the camera and world
coordinate system (use dides of Calibration class).

Solution: Note that a group of pardld lines (pardld edges in our problem) intersects & one
point & infinite. Without loss of generdity, we select or construct one of the lines, denoted by |,
thet goes through the origin of world coordinate syslem. Assume the angle between |, and X,
y, z axissae a, b, g respectfully. Then any point on |, can be expressed as (r,a,b,g) in
polar coordinates, (rcosa,rcosb,rcosg) in Euclidesn coordinate, or (cosa,cosb,cosg,r) in
homogeneous coordinates. When r® 0, [, reaches the infinite point. In class, we dready

derived the reationship between a point in world and its image. Use the notation in class and
apply the relationship to apoint (cosa ,cosb,cosg,r) on |, we have:
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where d = [cosa ,Ccosb, cosg ]T is the Euclidean vector with 3 coordinates expressng the
directionof |, .
4. Expressan edgedirection d asafunction of K, R and v.
Solution: In class, we dready derive that the K isin theform:
éfk, fk,cotq uu
_é : a
=20 fk/dng vy
go 0 1
Snce |[K|=f’%kk,/snqt0, K exigs Note that any rotation can be decomposed as
combination of three single rotationsaround X, y, z axis srespectfully, i.e.

g 0 0 uecosqy 0 -dng,Ué&osq, -sng, Ou
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Because |R,|=cosq,’ +dng,”=1i=x,y,z, R|=

R,R,|=110, R exiss
Therefore, wecanexpressd asd =R 'K "'v.

5. The 3 directions of cube edges that give rise to the 3 vanishing points are mutually
perpendicular, therefore the dot product between two directions is zero. Show that this
condition leads to an equation in which the unknown is the calibration matrix K. Such
an equation can be written for each of the 3 pairs of vanishing points. Note: this
equation expresses that the vanishing points belong to a conic that is the image of the
so-called absolute conic.

Solution: From last problem, we have d =R 'K 'vb Rd =K 'v. Note that rotation matrix R
isaunitary matrix, i.e. R'R =1, we have,
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Equation 1

Where notation “a:b” means dot product of vectors a and b. Thisis an equation (relationship)
for each of the three pairs of vanishing pointsinimage i * .

6. The equation just found leads to nonlinear conditions between the elements of the
matrix K, so we will not attempt to solve the system, but only verify that the matrix K
found last week indeed is a solution. Verify that the equation above is verified for the
vanishing points found in (2), for a calibration matrix in which the skew is zero, the 2
focal lengths areequal to 690, and the image center isat (300, 250).

Solution: Given fk, = fk, =690, (u,,v,)=(300,250), and skew iszero, i.e. ¢ =90°, we have:

6fk, fk,cotg Ul €90 0 300
_é : u_ée a
K=g0 fk/sng v,3=50 690 250
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Please see Matlab script in gppendix for detall verification. From the experiment, we verified that
the calibration matrix defined by K satisfies [Equation 1] with error tolerance lessthan 10°° .
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Appendix:
hw7.m:

function hwr

% Synt ax: hw7

%

% Descri ption: CVMSC828D HW
%

% Aut hor: Haiying Liu

% Date: Oct. 12, 2000

dbstop if error

nsg = nargchk(0, 0, nargin);

if (~isenpty(msg))
error(strcat (' ERROR ', nsg));

end

cl ear nsg;

% Turn on the diary to save the result.
diary off;

filename = 'hw7.txt';

if (exist(filename, 'file'))
del ete(fil enane);

end

eval (['diary ', filenane]);

disp(' ");
di sp('» hw7');

2, 2, 2
-2, 2, 2
-2, 2, -2

2, 2, -2

2, -2, 2
-2, -2, 2
-2, -2, -2;

2, -2, -2

i mmge_coord = [ ...
422, 323; ... %m

178, 323; ... %nR
118, 483; ... % nB
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482, 483; ... % m

438, 73; ... %nb

162, 73; ... %nb

78, 117; ... %nv

522, 117; ... %nB

I

0/@:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
% 1. Wite a Matlab function that outputs the honbgeneous coordi nates
%= of the 12 lines that are the inages of the edges of the cube
%= (these are lines in the image plane. Refer to slide 11 of the
%= class on Projective Geometry, and use the Matlab function cross).

% Note that a |ine going through two points mL and n2 is represented
% by the cross-product mL x nm2. Any point x on the line satisfies
% x'(mL x n2) = 0.

disp(' ");
disp(':::rorrrriiinit);
di sp(" Part 1 ");
disp("::rorrrriiiiit);
disp(" ");

% Define a connectivity of the eight points.
% ml m n8 mi mb mb 7 nB
connect = |

% group 1

% group 2

% group 3

1

% Conput e edges.
di sp(' Twel ve edges:');

disp(" ");
nEdges = size(connect, 1);

for index = 1:nEdges

pt I ndex_i = connect (i ndex, 1);

pt I ndex_j = connect (i ndex, 2);

m = [image_coord(ptlndex_i, :), 1];
j = [image_coord(ptlndex_j, :), 1];

nj
edge(i ndex, :) cross(m, m);

disp(['mM, num2str(ptlindex_i), '~m, nunm2str(ptlndex_j),

"', nun@str(edge(index, :))]);
end
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% 2. Find the honogeneous coordi nates of the 3 vani shing points of
% the image of the cube. These are the intersections of the imge
% |ines corresponding to parallel edges of the cube (refer to slide
% 11 of Projective Geonetry again for a nethod for finding

% intersections between Iines. Refer to slide 36 of class 3 on

% canmeras for a review on vani shing points).

disp(' ");

disp(':::rorrrriiinit);

di sp(" Part 2 ");
disp("::rrrrriiiiit);

disp(" ");

% The three group of parallel lines are:

% mL~n2, nB~nm4, nb~nb, nm7~nB;
% mL~n4, n2~nB8, nb~nB, nbB~nv,;
% ml~nb, m2~nb6, nB~n7, m~nB;

% Note the intersect of two lines L1 and L2 is L1 x L2.

% Cal cul ate the mean of vani shing point for each group of
% paral |l el 1ines.

pt | ndex = 0;

vani shPoi nt = zeros(3);

for index = 1:4:nkdges - 3

% Formmatrix L for L.p =0
L = zeros(4, 3);
for row = index:index + 3
L(row - index + 1, :) = edge(row, :);
end

% Solve L.p = 0 by DLT
[U S V] = svd(L);
nCol V = size(V, 2);

pt | ndex = ptlindex + 1
vani shPoi nt (ptlndex, :) = V(:, nCol _V)';
end

vani shPoi nt

0/@:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
% 6. The equation just found | eads to nonlinear conditions between
% the elenents of the matrix K, so we will not attenpt to solve the

% system but only verify that the matrix K found | ast week indeed is
% a solution. Verify that the equation above is verified for the

% vani shing points found in (2), for a calibration matrix in which

% the skew is zero, the 2 focal |lengths are equal to 690, and the

% i mage center is at (300, 250).

disp(" ");
disp(':::ioiiiiiii);
di sp(" Part 2 ");
disp(':::iiiiiiriii);
K=1[...

690 0 300;

6/8



CMSC 828D Fundamentals of Computer Vision

0 690 250;
0 0 1

]
Kinv = inv(K);

nVanPt = size(vani shPoint, 1);
for idx1l = 1l:nVanPt - 1
for idx2 = idxl + 1:nVanPt
Vi = vani shPoi nt (i dx1, :);
ani shPoi nt (i dx2, :);

Vj =V
ri = Kinv * vi';
rj = Kinv * vj';
disp('----------- "),
disp(['r', nunm2str(idxl), ' = inv(K) * v', nunstr(idxl),
"= [, numstr(ri'), '1'"'1);
disp(['r', nun2str(idx2), ' =inv(K * v', ...
nun2str(idx2), ' =1[', nunm@2str(rj'), '"1"""'1);
disp(['r', num2str(idxl), ' . r', numRstr(idx2),
=, onunstr(rit o *orj)l);
end
end
disp(" ");

% Stop recording

diary off;

Result:

mi~nm2: 0O -244 78812
~nB: O -364 175812
nb~n6: 0O -276 20148
nB~ni7: 0O -444 51948
ml~md: - 160 60 48140
nm2~n8: -160 -60 47860
nb~nB: -44 84 13140
ne~nv: -44 -84 13260
ml~nb: 250 16 -110668
nm2~n6: 250 -16 -39332
nB~ni7: 366 -40 -23868
m~nB: 366 40 -195732
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vani shPoi nt =

1. 0000 0 0
-1. 0000 0. 0011 -0.0033
0. 1376 0. 9905 0. 0005
- .bé}f.é....
K =
690 0 300
0 690 250
0 0 1
ri =inv(K)y * vl = [0.0014493
r2 =inv(Ky * v2 = [-1.2947e-008
rl . r2 = -1.8764e-011
ri = inv(K) * vl = [0.0014493
r3 = inv(K) * v3 = [3.0874e-010
rli . r3 = 4.4745e-013
r2 =inv(Ky * v2 = [-1.2947e-008
r3 =inv(K) * v3 = [3.0874e-010
r2 .. r3 = 6.2837e-009

0
0. 0012092

0
0.0012693

0. 0012092
0.0012693
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