
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGNDepartment of Ele
tri
al and Computer EngineeringECE 418 Image Pro
essingProblem Set 4Spring 2008Issued: Thursday, February 6, 2008 Due: Thursday, February 13, 2008Problem 4.1This problem 
onsiders the Frei-Baxter model of 
olor vision, shown on page 61 of the le
turenotes.In this model, the photons impinging on the fovea are sampled by 
ones. Photons impinge onthe fovea with the power spe
trum C(t1 = n1T1; t2 = n2T2; �), where t1 and t2 are the left-rightand up-down positions (measured in degrees of ar
), and � is the wavelength of light (measured innanometers). The sampling periods are T1 = T2 = 1=60 degree, meaning that there are about 60
ones of ea
h 
olor in ea
h degree of ar
.Photon absorption is modeled using the a
tivation fun
tions �i[n1; n2℄, given by�i[n1; n2℄ = Z Si(�)C(n1T1; n2T2; �)d� (1)where S1(�) is the overall luminan
e sensitivity 
urve, shown in Fig. 2.15, but S2(�) and S3(�)are the red and blue sensitivity 
urves, marked 
 and � respe
tively in Fig. 2.17. Noti
e that the
urve in Fig. 2.15 is a
tually the sum of the three 
urves in Fig. 2.17.Fig. 2.19 proposes that the photon absorption rates are log-
ompressed, then linearly trans-formed, as follows: 
1[n1; n2℄ = 21:5 ln�1[n1; n2℄ (2)
2[n1; n2℄ = 41 (ln�1[n1; n2℄� ln�2[n1; n2℄) (3)
3[n1; n2℄ = 6:27 (ln�1[n1; n2℄� ln�3[n1; n2℄) (4)(a) Suppose that the image is a pure two-
olor image 
ontaining only the 
olors blue and orange,with spatial distributions spe
i�ed by �(t1; t2) and o(t1; t2), respe
tively, thusC(t1; t2; �) = �(t1; t2)Æ(�� 420) + o(t1; t2)Æ(�� 650) (5)Express 
1[n1; n2℄ as a fun
tion of �(t1; t2) and o(t1; t2). Make appropriate assumptions aboutthe levels in Fig. 2.15.(b) Using the assumption in Eq. 5, express 
2[n1; n2℄ and 
3[n1; n2℄ as fun
tions of the blue-orange ratio �(t1; t2) = �(t1; t2)=o(t1; t2). Make appropriate assumptions about the levels inFig. 2.17.
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2[n1; n2℄ and 
3[n1; n2℄ are averaged a
ross a large number of neigh-boring 
ones. As a simple model for this averaging pro
ess, 
onsider the following �lter:B2[n1; n2℄ = 
2[n1; n2℄ � �h
[n1; n2℄ (6)B3[n1; n2℄ = 
3[n1; n2℄ � �h
[n1; n2℄ (7)h
[n1; n2℄ = g
[n1℄g
[n2℄ (8)where g
[n℄ = ( 1 jnj � N�120 otherwise (9)Compute H
(!1; !2), the DSFT of h
[n1; n2℄.(d) Assume that N = 7 samples. Plot G
(2�f1T1), the DSFT of the �lter spe
i�ed in Eq. 9, asa fun
tion of the spatial frequen
y f1. Noti
e that f1 is measured in 
y
les per degree of ar
,therefore your plot should have the same axis labels as Fig. 2.20 in the le
ture notes (but youmay assume linear axis s
aling, rather than the logarithmi
 axis s
aling shown in Fig. 2.20)(e) The Frei-Baxter model proposes that luminan
e information, 
1[n1; n2℄, is subje
ted to lateralinhibition. Suppose that lateral inhibition in the fovea is implemented by the followingsimpli�ed digital �lter: B1[n1; n2℄ = 
1[n1; n2℄ � �hy [n1; n2℄ (10)(11)hy[n1; n2℄ = gy[n1℄gy[n2℄ (12)where gy[n℄ = ( 1 jnj � N+�12� �N+N � N+�12 < jnj � N�12 (13)Compute the DSFT, Hy(!1; !2).(f) Assume that N = 7 and N+ = 3. Sket
h Gy(2�f1T1), the DSFT of the �lter des
ribed inEq. 13, as a fun
tion of the spatial frequen
ies f1. Noti
e that f1 is measured in 
y
les perdegree of ar
, therefore your plot should have the same axis labels as Fig. 2.20 in the notes(but you may assume linear axis s
aling, rather than the logarithmi
 axis s
aling shown inFig. 2.20).


