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Abstract This paper presents an efficient and robust algorithm to compute the isophote of a
surface of revolution. A surface of revolution can be decomposed to a set of cross-sectional circles.
The surface normals along each cross-—sectional circle form a cone. Using the characteristics of the
normal vectors and the symmetric property of the surface of revolution, we propose a method to find
the connected components of an isophote, which requires intersecting a planar curve(and its reflection)
with two rays. Moreover, we propose a closed-form representation of an isophote as a parametric

curve.

Key words : Isophote, surface of revolution, surface interrogation

o] tigt isophote & K33 W Azl FAoA
Holl HastA We B o, U F= (intensity)
< FY8 A9 HEo] oFE Fiolrh Fof
IHo] (7-A4A (continuity)S 72 o, dd F
9| isophotes C™7'-A&AE Zteth ol d Ao
o9& isophote= H®He] 1a, 2z vw|E3 Gaussian
curvature®] HIZTAGE JMASElE TR AMgE
4 Atk 1984d Poeschi[l] ©| isophoteE ©]&3le
2@l F4g Hridle HHE AdIdn, I ¥
B

_%
isophote & JWL EAL EXF= oAy Py F9

ot S
L
X,

-2 APE THIT 21 AUT FREAY A ITRC Aol A9

HAFY
t ol 2 Rl oledigtn JRFAATINEY mwF
kujinkim@ajou.ac.kr
g 3] 9 olFdign mrjoldy s
iklee@ajou.ac kr
=R 20019 108 249

AALeE 20029 59 8¢

g 7EAZAM RIS AHEE O] & (2, 3, 4]

Isophote® ©HAl Ael3ld P 49 4= pr)
Fold o, FHd £% HE F 1 HA HE S dito
o ZAmrt £ HES Aol 7 F Uk THeF B
7 222 FoJWHA isophote® FEY SFJ Ao ¥
k. wi7i¥4s  FH(parametric  surface)oll ¥
isophote o] & AistE oA WYL dy ¢
A Atk wiAASL FE St 0 H3 isophoteE T
gt sab o] Fwel HAMWEZE N(,OHY ),
isophote= Th&9] 2oz FHHECh

{N(t.O.d
INCE Ol &l

HE isophote® #¢} 22 2%4(implicit function)
49 e fREnh ¢ THL FAY A
w2} 8k 7] o]4+e] connected component EZ TAJE
F Atk R FE FHAME FAE olFE
R E connected componentE RS}V ojHo} %

connected componentE9] HFHA F2E vg EX

= cos B.



3|14 9 Isophote A 240 AL ALt 441

e A%, 24 componentd] &= HES FHSt
AT g dojrh
3] A A (surface of revolution)= CAD/CAM E& 7]
W mdyel A 2 ALEEHE T3 JHAZA
profile T4o] AL THo=2 A3 &
Z@o|tt. FAAE cross-section 459 AF
2 4 e, 39 cross-section Yol &3}
oMol YA #HE I FAFE Fo=
= Y%(cone)E FA%TE B = dMe ol#Est ¥
HE e EAF s A diAAdE o83l
isophoteE ©)]%= EE connected component & &7
sl Ag&Foln A sle WEE AAIth =3
isophote® MRS F4(parametric curve) &2 #
ke WS A wiEg 24 28 SFe
A FE@o] v FHE olFE FES FHUI WS-
Lotk B4E Zeth

o] =89 1AL g5 ok A2AAME FHAHY
isophoteE Z4tehs AwbEQ WS Ahgitt A 33
e A HH WEe] FAH qALNE o83}
o isophote® Wi/lW4 FXoE FHsl= HHE &
W&}ar, isophoted] 43t EE connected component
A a&FH0ln A e e ANECL
g, AAG g o8-8t FHHA9 isophoteZ

g dE Hth AdEAM ZES AT

rir Y

e
JH

2

it
oo o

% o 2 Ay g

ok

W g

r

AL

0o

2

2. B|EA 9
iy

o] HolAxe FAAS isophoteE ALFsHE IEHEA
e dgeth FolA B NErt d=(d,.d,.d.),
Il dil=1,012} 3ba}b ol dxbdg 2A oFx, @A)
profile ZA C(He xz-HH o) EFHY 3AHL 2
-Folgta 78T 4 Atk FA D= (x(9.0.2())
g3 & o), slAAe TE S(+,0 = e Zo] P
hdk=N

isophoteE Alttst= HIHOI

S(t,0)=(x(t)cos 8, x(Dsind, z(p).
ZH S(t0)9 HAME N4 & oS3 2o
_08(t.0)  35(¢,6)
Nt O) =251 %56

FolAd WIWE d=(d, d,d)l I} S, 69
isophotet= T&-9] &3 A= 2tk

(NGO . d o
NG o cosA=0-

o] A& WSt ched doh

(d.z2'(Hcos O + a’,,z'(t)zsiné’—a",,x'(t))2 )

—cos Bx' (B +2 (DD =0
2 (D)9 AL H(t, 60 kAL Profile 4 CO)
7t AE mel WANez FAF AY, S
H(t,6) =0 o g 2Am-1)3olc}, E3 2] (1)ol]A]

N l—uzg 2u
cos 89} sinoE Z+zh . } T4

A yoll gk 4x1e) Hog ®RY & ok aeg
nAY gk, =10 Hl Hk,H=0 & BFI}= 4
WES 432le] Zo TR, o] FEFHA Akl
7ks3tt.

e H(t, ) =001 AR sghel whE) 2ol #|D3t
ook deHom 3E 4 AR, 4o g 37}
ZAAY E2AEA Ge ke 7S AT 5 3
v kel wye EAEA ¥gerh aYEER,
isophote®} connected component”}t EA3l= kel H
AE Axsr) AdlMe g bsAFIEA 2ol S
e g9 E4 f55 g Uy Hee gt o)
HE B, H(tO=0% TFdhe EE  connected
component® WA 77} JHI, Fhe] wgERT &
& 9 el UE connected component®] -9
52 &8 45 Yt E3I} connected component’} £
AR = 7 WolME goll thEt e EA A%
g AArlsjorst stmg mle vlEEHola BorAR W
Holglar & 4= At}

3AA7E AR dAAT HawE e 4Fg o83ty
ol g FAHL sdsls HHS g "ol &rfgich

o2 WA Fe

3. 3|EA2 CHAMa MM HES SHE 0
25 isophote 2] E2H0I A&t

Folzl BxAe} WEpdE gof IHdolFH BPolT
< HeggozM HPAe FL 2-F, profile FHL
Ct) =(x(H,0,2(0), tmin<t<tmy, 18I, d=(d,,0,d),
d.20, °o] =& H@g 4 9ok o uf |dl=1 °]
gk 3kAk

T c(Y ¥ HE Ne 0B, N(>=0
g WEIIBE vhgat ol FEfXich

NH=(Z(D,0,—x'(9).

A Cc) 24 3 - ()l uigt HA WEZL N(k)
g & u, AFAM H C(t)E AYE cross—section
4 F S, 0), 0<6<2r, ] A& P HAEle N
7tz HE FAHCE HA% A 2ok A S+, 60 4
e o7 22 HA WEE Zteth



442 JRASE =R A 2E] P o]E A 29 ¥ A 8 Z(20028)

NE)

cY

. Ni*)
) ce?) iix

(a) (b)
a8 1 Aty HadEe Cc(t)E X
cross-section ¥ H9 HE9 YA

N(t.,0) = (2 (t)cosb, 2 (t)singd, —x'(t.)).

a8 1(a)e= profile 4 () A9 § HolAe H
AYEE B O¥ 1b)e (#)E Ak cross-
section ¥ S(4,6) 49 HAEAMY HAHE s -F
£ FHLE N()E FH8o 480 A% 25 B
Ak

3] AA S(¢, 69 isophoter THE A& wHEs)
A A HEE FAEG

(N(t.0). d
I N (¢, O)l

o] 4% WASE thest Lol coso] Ui FelH
& Ao

fir
4

= cosfB

cos V£ (D' +2(D*+dx (D

dz (D :
o] Ao wet Y 3L =19 sl cross-

cos =

section 9 S(t.,0 AlM isophote o] 3= A
p(r)E (py= BB H (B HZ(8)Hdx (1) o g

d.z'(t)
e 22 wpis 402 REdch
p(t)=(c(t)x(t), ¥V 1= c(t)’x(t),2(8))  (2)
2 (2l A Foi7 wiAHs B8 <3l isophotedl] &
3k 7 FAES E&F0)n IFH ez A 4 Qi
o]#} isophotedl]l 43l= Z} connected componentZ
sk S s B gstAE 4 (20§ o8
gl o7t do8 A A= sk WH(F, connected
component’} EAste FIHE thgo Aoz Jehd &
Ut

Y Y .
1< cos V2 ()°+2()°+dx' () _ S

dz (D)
A A7y A5 m) WA He)E & uf, 2 (3)9
AFE 2m-1)oty. e 3 HA 9 AL o &I,
2 ()R HS ZEEFHA WHOZ connected compo-

nent7b ZASE 1 el WAS ARG & Uk o]
He WAL 2 WA wEe) 4 olgn.

WEpE) g9 98 2 4E olFE o9l W 3
ge 4w o)FEu), o Aol FHe AYoln FL 4
o} BaS0] half-angle oIt} (28 2). WAL ash
2% pE olfE WEY WYL 42 2 YA, U
¥ I WU DAY o=tan (H)xg A
o olelsl 2L T A ray 7h FAAL

x sind—z cos8=0 4)

X

1Y 2 4E d9} 4% 48 olRE WHE YT

A4 profile T4 C(He WAHEHE NOH=
(Z(), 0, =« (NE bz, N 2 2-F i3
Aoz fdoixle HEE N_(D=(—2(),0, —x'(1)
#a 3ab N()SE N_(He 2 "SR ke X

[e)

olgtx & 4 Jih MAHE N(L)E -FE FHE
FHste] FolAe dve e Y, e =%

S F4HoE ¥WE N_(LE AN de dunx
ka2

Wk N(AU N_(09 5 N9 ray «x siné—z cosé
=07t t=6olM HAAFPHE F AR 9 wE
A2 3, o 9= G2y 3 FAx). o] W, 4
= isophotedl 438}= 3t} connected component 7}
AZEAY Bue ZAdke] ok 999 uRd 3k,
t=ty, 9l thal  N(tp)U N_()ell &3k T #Ert 3

¥4
NG T M

(a) (b)
I¥ 3% 98 r, 9 k)

0
o

o
o



3 A A 9] [sophote TAHLAL EEHY ALY 443

@7} el 5 719 ray Aol g EAEHH,
= 9w 1ol M7t A2 F g AR wAe)
o, o] slm=se T o FEH HWEHE sixw, e
S(ty, 8) “FolA isophoted] &ahe F el Hel £A
= AL uidch shlE N(p)U N_ ()l &3}
ol= WEE ¥ ray Alo]gl 9 EAEA FET
M rye M2 238t goy, ols S4, 0

%

NOU N_(p9] 248 te 4oz =gt
+2(Hsind+x (cosé=0. %)
4 (39 Zd siwEs e isophotedl A
connected component S0 EAsE FHE Uekdd,
Profile & CQ&)7F 24 m Q0 wAHele & of, 4
B m-1 o A4S et 282, A5 2Am-1)
Q4 @) Hls E&Holm PEHOR connected

o)A isophotedl] Z3HE Wol EAGA FEdE A

to o2 (H rir

4

component®] x| 77F
A ()9 A BE

S 7 5 Atk
ol &3ty FAA o) thgk isophote

ray x sind—z cosd=0% JH9 FF g Fale 2ndEe o5 g

Algorithm: Isophote_SurfaceOfRevolution
Input: C(&)=(x(8),0,2()) / profile curve of a surface of revolution */
d=1(d.,0,d,) /% given direction vector */
B /* given fixed angle */
begin
/* degenerate case */
if d,=0 then begin
for each t.e{t| 2 (DY & — cos’ft cos Bz (=0} do
it da' (b)) —cos AV 2 (£)%+ %' (£)°=0 then
draw a circle S(t., 8), where 0<6<{2x:
exit;
end
for each f,e{t] 2 (H=0} do
if da (L) (£l = cos B then draw a circle S(i, ), where 0<6{2m;

/* generic case */

N()=(2(,0,—x() ;

T = {¢]| sindz (Dt cosaxr’(H=0} U {min» Frme}, Where 6=tan ~'( Zz
sort fvaluesin T: T = {t|0< i< n})

for i = 1to n—1 do begin

t*—:(ti_1+ti)/2;
cos A x (£)%+ 2 ()4 dx (L)

it 2 (t)*#0 and 1<

<1 then begin

d.z (1)
for 7 = 0 to m do begin
tt:ti—l_" j(ti_ti—l) .
wm
_cos X (6 (1) dx (8
€= d2(t) '

if j=0 then begin
pr="C(cx(8), V1- (s, 2(t));
po=(ex(t), —V1—x(t), 2(L);
draw two points p; and  py;
end
else begin
draw a line from  #, to (cx(t,), v 1—ca(t), 2(8));
draw a line from  py to (cx(t), —V 1= x(t), 2(6)):
pr=C(ea(t), V1—-u(n), 2(8));
po=(cx(8,), —V1-c*x(8), (1))
e end

end
end
end

t end
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