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CMSC 828D: Fundamentals of Computer Vision
Homework 10

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

Solution based on homework submitted by Haiying Liu

1. A sphereof Lambertian material of radiusR lies on the ground. ...

a. Write the function z = f(x,y) that represents the half of the sphere that is visble
from the camera.

Solution: The geometry of the sphere and camerais shown in the [Figure 1].

camera

sun light

C > X

pa

45

45°

Figure1: Geometry of the sphere and the camera.
In the coordinate originated at the center of the sphere, the coordinate (x¢ y¢ z¢) of apoint in the
surface stisfied x¢ + y& + z€ = R?. For the upper haf pat of visible surface, we have regative

2(, e z0= f(x¢yQ=-./R?*- x€ - y& . The reationship between this coordinate the camera
coordinateisatrandation (0,0, D) . Thusthefunction z= f(x,y) = D - 4/R? - x? - y?

b. Write the 3 coordinates of a unit normal to the sphere surface for a point to the
sphere seen at a pixd (x,y).

Solution: Using the result from (a), we have
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X \/RZ-XZ- y2
W y

Ty \/RZ NG yz
Thenormd is (p, g,- 1), and the unit normal is

(ha-1) _[ky-JR-x-y)

VPP +qP+1 R

n(x,y)=

c. WriteaMatlab function that givesthe gray level dueto ...
Solution: Note the normd of light sourceis

n, = (cos45' cos45’, cos45'sin 45, - sin 45°) = (0.5,0.5,- 1/+/2).

The brightest point is located a (X, Y,) = (Rxc0s45" xc0s45°, R>xcos45 »in 45°):%(R, R),

where R= ? =128 pixds According to the rdationship between pixel brightness and scene
brightness, we have:
1 (X, Y,) = kcosq |q:0 = 255(white) b
k= 25 _ 255
cos0

Then, every other point can be caculated by the known k :

b N y)-na(xy) ;
Py Gy PO e e
0, otherwise

1(x,y)=

The Matlab function islisted in gppendix.

d. Write a Matlab function that generates the image of the sphere and a black
background.

Solution: The Matlab function islisted in gppendix. Theimage is shown below.
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Figure 2: Theimage of the spherewith Lambertian surface.
2. Now aface made of plaster with Lambertian reflecting properties...
a. Transform theimageintoagray level images. ...

Solution: The face image is converted into gray level image and rescaled to [0, 1]. Note that the
face is flipped to conform the same orientation in Problem 1, so that the equations derived in
class can be used directly. The center of the crossisthe tip of the nose.

b. Assumethat thefaceissymmetrical with ...

Solution: Since the face is symmetricd, the horizontal component of the norma on the curve C
is zero, i.ee p=0. According to the rdationship between normd and pixe brightness

(reflectance map), we have:

=k P.P*qq+l |
m p>+g°+1
_ g.q+1
=k =
VP +0” +1o? +1
s o, (aq+2°
S CEELET o i
(@.0+1) = (p2 +0” +1fa? +1)p |20
0= (o2 - clo? +20.9+ (- )P
- 20,%/4q2 - 4lg? - cf1- o)
- 4e? - c)

i.e. for each gray leve dong curve C, there are generdly two possible unit normals (O,OH,- 1)
and (0,0,,- 1).

The Matlab function is listed in gppendix.
c. Find alocation along curve C wherethe surface patch facesthe camera and ...

p=0

G2
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Solution: In class, we have derived that dz = pdx +qdy . In our case, snce p =0 dong the
curve C, dz =qdy . For a reference point at the tip of nose, we can cdculate the relaive podtion
(dz) of other points dong the curve C.
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The Matlab function is listed in gppendix. The profile of the face is rearranged as required and
shown above.
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Appendix

hwl0 1.m

function hwliO_1

% Syntax: hwlO_1

%

% Descri ption: CMsC828D HWO0_1
%

% Aut hor: Haiying Liu

% Date: Nov. 13, 2000

%

Y8888888/8/8888/88888/888/88888/88888888888888E8E888888888888880
dbstop if error
nmsg = nargchk(0, 0, nargin);
if (~isempty(nsq))
error(strcat (' ERROR ', nsg));
end

clear nsg;

| = Conput eBri ghtness;

figure;
i mshow( |
x| abel ('
yl abel ('

]_);

o0
x')
y')

print -djpeg hwl0O_1;

function | = ConputeBri ghtness
% Syntax: | = ConputeBrightness
%

% Descri ption: Conpute the brightness of a | anbertian sphere surface.
%

% Aut hor: Haiying Liu

% Date: Nov. 13, 2000

dbstop if error

nsg = nargchk(0, 0, nargin);

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

cl ear nsg;
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% lnitialization

iS5z = 256;

white = 255;

gl obal R;

R =imdz | 2

theta = 45 * pi / 180;

ns = [cos(theta) * cos(theta), cos(theta) * sin(theta), -sin(theta)];
% Conpute k

x0 = R * cos(theta) * cos(theta);
y0 = R * cos(theta) * sin(theta);
n_xy = ConmputeNor m(x0, y0);

k = white / (n_Xxy * ns');

ones(inBz) * (white + 1);

% Conput e bri ght ness
for row = 1:infSz
for col = 1:infz

row -

y
X col -

R
R

if x*x+y*y <R*R
n_xy = ConputeNorn(x, y);
I (row, col) =k * (n_xy * ns');
if I(row, col) <O
I (row, col) = 0;
end
end

end
end

% Rescal e the brightness to m nl~255;
dark = min(l(:))
| = (I == white + 1) .* dark + (I < white + 1) .* I|;

function n_xy = ConputeNorm x, Yy)

% Syntax: n_xy = Conput eNorm(x, YY)

%

% Descri ption: Conpute the norm of the point on the sphere surface.
%

% Aut hor: Haiying Liu

% Date: Nov. 13, 2000

dbstop if error

nmsg = nargchk(2, 2, nargin);
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if (~isenpty(msg))
error(strcat (' ERROR ', nsg));

end

clear nsg;
0/@:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
gl obal R

temp = sqrt(R* R- x * x -y * vy);

p=x/ tenp;

q=y/ tenp;

n_xy =[p, q, -1];

n_Xy = n_xy ./ norm(n_xy);

hwl0 2.m

function hwl0_2

% Synt ax: hwl0_2

%

% Description: CMSC828D HWLO_2
%

% Aut hor: Haiying Liu

% Date: Nov. 14, 2000

dbstop if error

nmsg = nargchk(0, 0, nargin);

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

end

cl ear nsg;

% Part a.

% Read t he i mage.

face = inread(' FACE.|jpeg');
face = rgb2gray(face);
face = doubl e(face);

% Snmoot h the inmage by the wiener filter to reduce the noise
% i ntroduced by JPEG conpression.
face = wiener2(face, [5, 5]);

% Rescale it to dark~white;

white = 1;

dark = 0;

maxl = max(face(:));

mnl = nmn(face(:));

face = (face - mnl) * (white - dark) / (maxl - minl) + dark;
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% Flip the face so that it has the sane orientation as Problem 1,
% so that the equations can be directly applied.

face = fliplr(face);
face = flipud(face);
nRow = size(face, 1);
nCol = size(face, 2);

% Show t he face.

figure;

i mshow(face, []);

% Part b.

% See function Conpute_n bel ow.
% Conmpute_n(0.6) %e.q.

% Part c.

% Find the nose tip faces the camera.

curveC x = nCol - 68 + 1; %plane P
noseTi pRow = 0; % Initialization
noseTi p_n = [0, 0, 0]; %lInitialization
i deal NoseTip_n =10, 0, -1];

noseTi pRowRange = [67, 77];

m nDi f f = I nf;

for row = noseTi pRowRange( 1) : noseTi pRowRange( 2)
intensity = face(row, curveC x);
q Compute_q(intensity);
for index 1:2
n [0, qg(index), -11;
di ff norm(n / norm(n) - ideal NoseTip_n);
if diff < minDiff
m nDi ff di ff;
noseTi pRow = row,
noseTi p_n n;
end
end
end

% Mar k out the nose tip.

hol d on;

plot ([0, nCol], [noseTi pRow, noseTi pRow, 'wW);
pl ot ([ curveC x, curveC x], [0, nRow], 'wW);

print -djpeg hwl0_2a;

% Conput e profile.
faceRowRange = [11, 171];

z zeros(nRow, 1);
| ast _n noseTi p_n;
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% From nose tip to forehead. (note the face is upside down)
for row = noseTi pRow + 1:faceRowRange(2)
intensity = face(row, curveC Xx);

q = Conpute_q(intensity);

nl =1[0, q(1), -1];

n2 =1[0, a(2), -1];

unit_last_n = last_n / norn(last_n);

if normnl / norm(nl) - unit_last_n) < ...
norm n2 / normn2) - unit_last_n)

dz =q(1);

last_n = nl;
el se

dz =4q(2);

last_n = n2;
end

z(row) = z(row - 1) + dz;
end

% From nose tip to chin. (note the face is upsi de down)
for row = noseTi pRow - 1:-1:faceRowRange(1)
intensity = face(row, curveC x);

q = Conpute_q(intensity);

nl =10, q(1), -1];

n2 =10, q(2), -1];

unit _last_n = last_n / norn(last_n);

if normnl / norm(nl) - unit_last_n) < ...
normn2 / norm(n2) - unit_last_n)

dz = -q(1);
last_n = nl;
el se
dz = -q(2);
last_n = n2;
end

z(row) = z(row + 1) + dz;
end

% Rearrange the profile, so that the forehead is at
% origin of (y, z) corrdinate system

profile = z(faceRowRange(2):-1:faceRowRange(1));
profile = profile - profile(l); %take forehead as origin of (y,
figure;

nPoint = size(profile, 1);
pl ot ([ 1:nPoint], profile);

axis ij;
axi s equal ;
xl abel ("y');

ylabel ("z');

z)



CMSC 828D Fundamentals of Computer Vision

10

print -djpeg hwl0_2b;
/B8 8 /B B /B B /B B /B B /B B /B B /B B/ /B B 8/ /B B/ 8 /B B/ 8 /B B/ /B8 8 /B8 B8 B8/ /8B

function g = Conpute_q(l)

% Syntax: q = Conpute_q(l)

%

% Description: Conpute the two q's accordint to the intensity.
%

% Aut hor: Haiying Liu

% Date: Nov. 14, 2000

dbstop if error

nmsg = nargchk(1, 1, nargin);

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

end

cl ear nsg;

gl obal white;
Yf=====================================================================

% Conpute unit normal for Iight source ns = [ps, s, rs].

theta = 45 * pi / 180;

ps = cos(theta) * cos(theta);

gs = cos(theta) * sin(theta);

rs = -sin(theta);

% Conpute g.

% The two normw |l be in the formof [0, q, -1].
c(1) =qgs *qgs - | * 1;

c(2) =-2%*Q9s * rs;

c(3) =rs *rs -1 *1;

q = roots(c);

function n_unit = Conpute_n(1)

% Syntax: n_unit = Conpute_n(l)

%

% Description: Conpute the unit normal fromthe intensity.
%

% Aut hor: Haiying Liu

% Date: Nov. 14, 2000

dbstop if error
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nmsg = nargchk(1, 1, nargin);

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

end

clear nsg;

gl obal white;
Y=========SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS=SSSS=======

% Conpute unit normal for Iight source ns = [ps, Qgs, rs].
q = Compute_q(l);
nRow = size(q, 1);
n = [zeros(nRow, 1), g, -ones(nRow, 1)];
for index = 1:nRow
n_unit(index, :) = n(index, :) / norm(n(index, :));
end



