
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGNDepartment of Ele
tri
al and Computer EngineeringECE 418 Image Pro
essingProblem Set 1Spring 2008Issued: Thursday, January 17, 2008 Due: Thursday, January 24, 2007Problem 1.1(a) Consider the 
ir
ularly symmetri
 window fun
tion (the \top hat"):wa(t1; t2) = ( 1 t21 + t22 � R20 else (1)Is this signal separable?(b) Find Wa(
1;
2), using the de�nition in Eq. 1.Re
ommended solution method: use polar 
oordinates in both spa
e and frequen
y: t1 =r 
os �, t2 = r sin �, dt1dt2 = rdrd�, 
1 = � 
os�, 
2 = � sin�. Take advantage of thefollowing identities 
os (� � �) = 
os� 
os � + sin� sin � (2)J0(z) = 12� Z ��� e�jz sin �d� (3)yJ1(y) = Z y0 zJ0(z)dz (4)where J0(z) and J1(z) are Bessel fun
tions of the �rst kind. You may �nd it interesting toknow that the \
ir
ular sin
" fun
tion, 2J1(r)=r, has many of the same properties as thelinear sin
; in parti
ular, limr!0 2J1(r)=r = 1.(
) Consider the dis
rete-spa
e signalwd[n1; n2℄ = ( 1 n21 + n22 � R20 else (5)Plot wd[n1; n2℄ for R = 1. Is this signal separable? Note that the textbook provides theDSFT Wd(!1; !2) for R = 1.(d) Plot wd[n1; n2℄ (Eq. 5) for R = 1:5. Is this signal separable? Find Wd(!1; !2).(e) Is Wa(
1;
2) band-limited? Do you expe
t that Wa �!1T1 ; !2T2 � = Wd(!1; !2)? If not, thenunder what 
onditions is it true that Wa �!1T1 ; !2T2 � �Wd(!1; !2)?


