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( Image processing in a discrete polar coordinate system based on
Ll-norm)
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We propose a radial image processing method in a discrete polar coordinate system based on Ll-norm. For this
purpose, we first verified that the polar coordinate based on L2-norm can not exist in discrete system and then develop a
method converting the Cartesian coordinate to the discrete polar coordinate. We apply the proposed method to smooth
mass images of breast tissue and to detect the boundaries of extremely deformable objects. Compared to the Gaussian
smoothing method performed in the Cartesian coordinate system, the proposed method stabilized the image signal while
maintaining the overall radial shape of mass images. The proposed boundary detection method can detect shapes with high
precision while conventional edge detectors can not accurately detect the shape of deformable objects. We also exploit the

method to perform pupil detection and have had good experimental results
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Fig. 1. (@ Conventlonal radial image processing
method and ) Proposed radial  image
processing method.
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Fig. 2. Z % Jattice structures of pixel areas. Distribution
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-nom distance and () Pyramids using L'
-norm distance

22H 87 }'oﬂj\i/l T+ 3 (moyo)g}- (mlyl)}\]»oI_g] E
Al [P -nome thew} o] Ao

ki
e

i (mov'yo)_ (3;1:211) =
{lxo -z + lyo — ?J1F}}1/p

22Hg F7holA W o2 AESE LP-norm A ¥
2 FHAA A e 2FLS o] Ao

HHE Ll-norm ARe] FAEWEAAA Sl e
259 YAE FAHHERYGE ot <O¥ D&
L*-norm#} L'-norme] @& A U= FAaES
FEE vt <y 2>dAM P HEL H4 99
o FHow gao 9Hg AME Fust 9t

.y

1:

fl

2. L2—norm 7| O| & X Zt R EA O] SEE HE

7 EH 2L o)} A HARANMY a9
A (m,n)& LP-norm 78] 7jWke] S ZAM ] 9]
(r0) & Vs AL ogat o] An

= vm?+n?, 9:tan"1{%), mnEZ {2)

L*-norm A& 718t SHFAM S 93] (r6) & o4t
Azt FFANMY a9 HA (mn) o2 HES}Y]
AHME FAEFE A A5HA HA Fol T+
sof ghh. zejit FAEATL ZL o)il FFAANME
3}”‘4 AE7F A7t Aok 29 2R ANReR 79

£33 HRE AFE A8 AACH dh wEkA
H‘l‘ ZHEANH AA (re)E olat I FA F
7t ARA (mn) 2 W3S 4L ted 2ok



22 Li-norm ZIEF Ol& SXENAML BHHME

o
]
»
o

<28 20>94 € F Ux°] L'-normE A¥ 9
WAE r=0,1,2,3,4,5,.. & FHAHLE ZF7}sla,
Zt gtujedel e shad] AAF EHeR Wy
Hol 9l 3459 NEE N = 1481216, 734
olty, kA 22 A Qe FrEe NE FHEH
4 HAE VAL gA ¥7] diel SHER A
&3] 14 7hsatek

o2 o)it SEREAMY AA (re) & FAZ HEA
o] B YA (mn) 2 WEse AL FE3

(a)

a3 3, 2-nom2 o|gst
A (b) L2norme

F O 2xtnz S8 gat ojAb FHFAAY AA (ro)E A7 FEANAY g}

Fig. 3. An example of image reconstruction using L* 29 93 (mp)dA WA pA Y FAE FAA
-norm: (@) Original image and (b} Converts an ZAloA guFEEo T WO X =+ o Hro

image to polar coordinate and then convert it TAANA 9RFoR WE Aol 1Y ke Hael

back to Cartesian coordinate. #xe ske Aol g3l wekA B AHode 9H

AA 5A 2k ¢ oz 18 A olat A

mza(rcos(e))’ n:@(rsin(a)) (3) r (: 0,1,2,3,4,5,...)0’” ‘l"] ]6} :J‘]’J_L (1" 6)0“}‘:1 7}‘%}' 7]‘

e ol A% HEAY AE (ma)E FoE 4

= b L A2 5= F _
0:17]}‘1 3(1‘)1_ $°ﬁ 7}'7& 7}7};}'1‘ ;(o'T‘e :ILO]'L ?:'T“ %E?}E} 1%] 4‘?0: (7‘,9)5’} (myn)_q %74]}04"% E‘# %_

O};}Q 42 AN JaEA ) @ 917 of o R el oyl 7V RS o A
EAQ 944 (mn)e (rg)o] £3) Y Voronoi BY

A9 OBt 47 AT P AL TR BLEON Y 4 2y 2ugd

AT ot <3 2@>4 Ko ‘ e r=iml izt BEAY AAHE ol L3 A 1 AR

= Ao WB r=01v22vV52v2.% B9l & gy gn gy (ln) 2R Qo9 AR g

FAsm 7 Q3o Q= a5 A% 2R} N g -

N N - 1444844, 5 2ol Bipaa] dgoyg, T Um)E R 20 F2 £ 5l

319 2& o4 2 LinormS AHEEH o4 ZaEs} (r=lnkln) —: 0° < 6 <90°

ot AT AGHA 11 mappinge] HA GO, (mn) =TI S HESOSI0 )

ol F¥F FEol ErbEd (r=inl=1Inl) : 270° < @8 < 360°

<O¥ 3>& 48 s ?»}Eﬁ M@t olg o

47 #Es 2 A 5)23E 9 AR FEE 1 AR 3
B

—3— PSNR 35dB7} €t webA L?

& ¥ SHEAA oA A4 FHEAY N
e °§’39—i A stretching 2 interpolation
& Bt 4 A 2HES s BE B4 -
st o} g},

1
1
1
1
[P -
[
¥
3
f
t
1
S N
]
y
y
H
)
1
ROV S
i
i
i
1
i
'

.”§

g
. ,5
.

[ B ——

[N SR TS SRS SN S

3. L1—norm 7|8k O|M R 2t Rt BA| Q| 2 xR HE

L'-norm 7|WeE o]t 2 e
rm 7] 13 =zt SEA A i;ﬁ a3 4 2% 1% SEES L1- nom 7|8t oA Fz}

AA (mn) & o]t SFEAANY AA (r) 2 BB} AEE OS5S AXEHO B2A
= Y& o533 2ol " Fig. 4. A lattice point mapping from the continuous
Cartesian coordinate to a discrete polar

r=|ml+lnl, §= tan“(;%—) 4) coordinate based on Z*-nom.



2008 78 HXA53 ==X ® 45 H SC H

B2 24T & L0 999 AEu 3

~—

RE (myn

of HAAel He 1 ARHANY HE (mlinl) & 2
el gk Q9 ArEe] FHE 94 (no)ol o3

He 1 AHEEHY FHE YAHE (nmod(6,90%) o]t} o
714 mod(a,8) ¥ modular AXNCE oE BE UFY
& W A ol Ik F, a=1+ f+mod(a,8)°]
| 1=0,21,+2,£3 -, 0 < mod(a,8) < golt}. ul
24 (rmod(9,90°)) ol sHFste 1 AHEHAM Y [n|&
273 oAt A7t FEANMY AT AA (ma)S
ARE &

<3 4> BRO] (Imlnl) & Fr|= w73
A A= AAHAAM (r,mod(9,90°)) 1 7F& 7l7he A
ol (Imhln)) @ (r,mod(8,90°)) = U3 Fgn|= A
o Jermz v ro e OE ZAYRYE FAA
T olF= ol mod(6,90°) el 7HE 2T wekA
(mhlnl) & THee) A fleaa=

rid

tan_l(%)—mod(&%o) <

©6)

tanfl(%) —mod(6,90°)

714 (m,n) = (m',n/) ol (mn) & &
g3t Fu= A +ZH she AAHOZ Im/l+Inl=7.
Tangent ¥4 @ /M o272 AG)E Sy

(m' )=

s},
%—t&n(mod(@,%")) }< ‘ 'LT:L/J' —tan(mod(Q,QO”))
(7
2l (DA tan(mod(8,90°))= ltangl o] 31 fm|+nl=17,
m’|+In|=ro] 22 th&3} o] Ho}
|n In'|
m—ltan9|l< ‘m—ltanm‘ (8)
Q)22 HH [n|& v} A& wEsjof g}
_ argmin In|
‘nI_OS |n|£r{ r—ln|—|tan9|\} ©
A (AA [n|E 317 sk A5 WbE yol gig
U5 D(y)E et o] Al B
D(y) = ——— |tand| (10)
A7)A yE Agold 0 < y<r.
D(y)e @& 7} el D)< 0, DO ) >0

(234)

M43 -
ol7] @& D(y)=09 #He s EAI
D(y) =09 A& yoet sk 3 78 5 Qi
7 |tanf)|
Yo = T+ tand] (1D

<Y PollA BRo, z, =r—y, 2 3 (z,9,)E
(r,mod(6,90%)) ol Fsk= ﬁ% HadgA e A 2R
oltt. WA (z,y,)l 7 AR (2,9,)°
A ARE A5 HEolnz lnl‘t_‘ ool 71 747k

3%7h g WA A Ok 9 2o,

_argmin Inl [ ltand|
|n|—0 <inl< r{ S |tanc9|‘}- 3( 1+|tam9|) (12)
AN oly)e A% yol AR APhE AR ToRe
S otk
a2 AR A 74' OV\]’ A r (= 01,2345,.)

odlA deje) 7+ el 2
ojak Azt X (m
o 4 5)2HH (m,n)%

<Y 5>E f=tan '(5/4) (=
Aol A Al 1=0,1,2,3456,7°1 sﬁ%o}% o] At
9 AAE YEpdT: & 27elA

JJri AA (ro)l 2t
12)e1A |nl& 73 %

1
fus

=
)& A

{(r,6=51.34")
1(0.6),(1,6),(2,8),(3,6),(4,6
{(m,n)1(0,0),(0,1),(1,1

),(5,8),(6,0),(7.6)}=
),(1,2),(2,2),(2,3),(3,3),(3,4) }

Aol wiol Qleje] 4 golA 7} o] distel st
o ol A7 AET hgstel 47 HEANAS B

A

o ol
N . \\ - . /‘( - .
IS RERN Alelole
L] . . - . L ] L] . *
a8 5 f=tan '(5/4)(=51.34") Yoz ZAoM
Hal r=0,123456,7 ol sliEst= old &2 =
EE2 X
Fig. 5. Lattice points on the line drawn at
0 =tan *(5/4)(=51.34") with distance r
=0,1,2,34,56,7.



24

(a)

Li-nom2 O| 23 A EHAle]

@
2

An example of image reconstruction using L'
-norm: (@} Original image and (b) An image
converted o polar coordinate system and then
converted back to the Caresian coordinate
system.

o|H oAb
—_

[ < O
a3

Ll-norm7|¥F S# iz W}
=AM FEF FHRAA oit AR
Edsts 40 12)F ol 88t 549 94¢ 1
349 34L& PSNR co 7hsojA] a4

%ol ALIH

. prYN A=
T Bgstge d gulsl $498 o 4 gk of
=2 RN 458 FHTAM ol A7t Hxa)

Zt AN a9 fAE dHEA 1

4. SZEANML SAE S Ml 7Y
2 oA <28 Lb)>elA e} o] FHdA
Al BAel AT A% Aol AAF drEE

fopRo'®

a3 7 MXMeEl Tige JilgE, 2
1>e X2l 7| «ueE
Fig. 7. A conceptualized diagram for the proposed

radial image processing algorithm.

L1-norm J{gk O[&+ SHBE M F&A2

(235)

Hals o
Helshe /M ALd o PHe 5P A% 4
oA 9A REEVE AYHEZ FHAAY AP
#7080 Fel Wl hE SHE fAFEA
NEE AP F Aok AdHE BEe 54 2 WY
oz RS sz WA ol hdse] Y B
E9) 918 doho] AFse LT A& S

E 1. Holsls wAlg @A Ay gnelE
Table 1. Proposed Radial Processing Algorithm.
- R, : L'-norm radius of an object

- (m,n) : the position of a pixel on the pyramid of
radius R,

- (mfn?) : the position of the pixel at (r,d).

- I%r): the signals of pixels lying on
the direction of

- fa(r) . the process applied to Ig(r)

- O ®(r) : the processed signals of pixels lying on

the direction of &
for |n|=0 to Ry .«

/* Determine the angle between (myn) and (0, R,.)
with respect to the origin */

Iml= R, ~Inl; 0=tan_1(—%);

/* Determine the positions (m?nf) of all pixels
sitting on line from the origin to R, at the direction
of @, and construct the vector

I°r) containing the values of pixels at (m?,nf).

*/

for =0 to f, .

o fr- |tan81) ,
}nr|“a(l+ltan61 ’
(r=hfLI%) . 0° <6 <90°
(mfnf) = (=r+kfIR)  : 90° <9 <180° |

(=l =)

(r—Infl—nf)

180° < 6 < 270°
1 270° < 6 < 360°

I°(r)=IF@r-1)ULmlnt);
end

/* Apply the desired process fO( + ) to I %(r)
to produce desired output vector O ¢ (r)*/

0 °(r)=f(1%r))

end /* of n*/
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