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We assume: center = (0,0) and r is an integer.
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Circle = 5[44, 57] =1
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L [(2k — 1)r — k(k — 1),
e 2k +1)r — k(k+1) — 1]
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inti+ 0,7 1r,s<0w+r—1
int [ + 2w
while j > i do
repeat
select (1, 7)
s§4s5+21+1
until s > w
w—w+1
l+1—-2,7<j5—-1
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Quest: covered by circle lattice points?
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o Order of absentee count—any idea ?!

o Absentee characterization

o Algorithm for fixing them
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B “The squares of abscissae of the pizels in CIZ(T‘) whose
) ™ ) where
2

ordinates are j lie in the interval Iﬁz)j = [urfj, s

Anomalies (1“) 2 -2 0
ur_j =r-=7J7"=7

(r) _,2_ ;24 ;

Uy =10 =07+ ).

%P. Bhowmick and B. B. Bhattacharya,
Number-theoretic interpretation and construction of a digital circle,

Discrete Applied Mathematics, 156 :2381-2399, 2008.
v
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a—— or r > 0, the intervals Iy_)j and Iﬁ

(r+1) (r)
nt1—j T—79°
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415 are disjoint, with

U, >
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Anomalous intervals (red)
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§) is an absentee if and only if i% lies in

Tij = [Uﬁr_)j,ufzzl_z) for some r € Z+.

k‘/\u

(r) (r) 0+ (r+1)
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(2,4): Forr=4,0"). =r2 —j24j =16 — 16 +4 = 4,

9 qﬂfj -

WD = (r+ 12— 2= j=25-16-4=5

= J0(4) = [4,5) = [4, 4] which contains 22
= (2,4) is an absentee.
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®A pizel p(i,7) is an absentee if and only if i* € Jﬁi)j, where
r:max{sEZ:52<i2+j2}.

“S. Bera et al., On Covering a Digital Disc with Concentric Circles in Z2,
Theoretical Computer Science: 506, 1-16, 2013.

Recap: JT(‘QJ = [ui‘i)j, U(T:j»lljj) = {us‘rjj = max(0, r2 — j2 —7), UE‘T—)]' =r2 j2 + j)
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If p(i, §) lies in k(= r — j)th run of CZ(r), then

i< (2k+1)j + k% (1)
and if p(i, 7) lies left of (k + 1)"* run of C*(r + 1), then

i2 < (2k 4+ 1)j + (k +1)% (2)
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Equations 1 and 2
= open parabolic regions (k = a constant).

P2 < (2k+ 1)y + k2, @)
ISR A A _ 3
++++++ /- Pr:a? < (2k+ Dy + (k+1)%

+++++

+++++

Anomalous region
Pk = Fk N Bk’
= (2k+1D)y+k? < 2% < (2k+1)y+(k+1)%

+++++
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Theorem

Only and all the absentees of Octant 1
lie in F = {PkﬂZ% : k:O,1,2,...}.




ZZ

=
—
n
5}
—

Anomal

<z
- E
=
-

+ir=g

THI6= 2 T

9L+ (6= N

}
Ll

G+ lL=z

¢+
C
s+ loc= 1/
( Y S
THlg=
_\\.u.\l +/ ¥
T+lg=g2""
e
1+0=l

7
(=1
T

Y R &

e e B B

PRy

L Y Y B

howmick

PE




o¢+ (11
co+ (11

P Bhowmick

Anomalies




Circles
and
Spheres

P Bhowmick

Anomalies

Anomalies in Z2

To = T= <)
= S

R

&

R e

Mo

Lemma

For a given k, Py NZ3 contains exactly
one absentee on each vertical grid line.
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Spheres 1 int i 0,5« s+ 0, w1 —1,k <+ 0,ig,Ja
2 int [ + 2w
1P IBhermmiiel 3 while j > i do
4 repeat
5 s s+2i+1
6 i i+1
; 7 until s <w
Anomalies 8 fai—1,jo ¢ j
9 while j, > i, do
10 if i2 < (2k +1)j, + k? then
11 L Ja < Ja—1
12 else
13 if i2 < (2k +1)j, + (k + 1) then
14 | select {(i,4) : {[il} U {lj[} = {ia,ja}}
15 G < 1g — 1
16 w—w+1
17 l—1-2,j«j—-1Lk«k+1
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Quadraginta (48) octants of a digital sphere (r = 23)



It

[




Sphere in 73

Circles
and
Spheres

Sphere

+k

)
1=0

First gq-octant of the digital sphere (r = 23)
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Hollow sphere absentees
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Sphere absentees — disc absentees
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Sphere absentees in parabolic containers
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Complete (no absentee)
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Solid sphere absentees
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Solid sphere absentees > ?
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Complete (no absentee)



Circles
and
Spheres

P Bhowmick

Anomalies

Thank you!
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