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Abstract

In object analysis by image processing, finding lines plays a universal role. And these lines can be
easily found by detecting ridges and valleys in digital gray scale images. In this paper, a new method
of detecting ridges and valleys by using local min/max operations was presented. This method detects
ridges and valleys of desired width by using erosion and dilation properties of local min/max
operations, and requires no information of ridge or valley direction. Therefore the method is efficient
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and computationally simple in comparison with the conventional analytical methods.
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Fig. 2. Iterative applications of local min/max
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(a) 4-neighbor local min/max operations
and its iteration No. n (b) 4-neighbor
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8-neighbor distance

71z Alzx] nEEA 74, A2 (erosion)
Ak} &2H(dilation) @4k el Al (5), (6)2.F A9
g 1

EROSION : (f & b)(s,t) = min{ f(s+xt+y) - bx,y)
| (s+xt+y)EDr 5 (XY)EDy | )

DILATION : (f @ b)(s;t) = max{ f(s-xt-y) + b{xy)
b (s=xt-v)EDy + (xy)EDy } (6)

q7)4, fixy)e odF datels, blxy)e Fstruc-
turing element)e]™, Dee f(x,y)8]) 4 (domain)-S- v}
e, DvE bixy)el ddelt) o]F wZax] dite]



19%% 58 EFITEMHLH

A ot 2ok & 4 daelA ARgEe 3
(structuring element)®] zrol oFe] groz pAI=lvhs,
tha] odabell A4 Ak #HT A9 HubHoE o
o] 9]zl dido] A=, 1Y <dahlelA Abxc) &
H(area)o} v] 2hE 9 ARA F-E-E{details)S AA
A zrasich gk #ib Aaks FE A fele
Ao g o ¥ dade] AR, AR ofF
T AR BEEe] AAEAY aEE 5 AN At
= gidle]l A9E whA A7k

olE A H b dibe Tl AHEFOEH

)=

o

b mE2A Akl emy ) 2294 o
Ao] wHgo) Alck, ol Sy ARS Ul 4ol 3
Al oabe WDE T AT Gyl B4 A Hshe
L] 1 A (7 o) AelEM, F9A 4L 3
o odael 4t A4e] wAE el Heske W
W ohe AS2A A (B3 Aol

OPENING : f e b=(feb)eb (7)

CLOSING : f « b=(febeb (8)

Az gatell 23 dakg s, A2 =7
Hjg) Ay og 2tw ghE FR-Ee] AASEA A
el e AHre)l vl Avkd we SAES
BEFE A9E dedh e F294 4R 3%

ol 2eb MR dahellA el =)ol wiE)
Ay og 2 off-g HE-Ewe] AAHL S 5
e wagcl ¥ o] Bagg olgapy Yo &

g odafel Aol2 el dAhliel =R R
2] 3x8 AEY  qlod, ddAs ii%?zl e
o oogake] zfelm e AAle we] wiEel HXE
A& 4 ok

olAtollA] Y REZA] d4ke] A= local min/
maxIAhe- AMEP B PR eAleE TR 5
2irh local min/max@Aibell A A ARSEo] §lo] <
Ake] A 2 gkt adks el old 3] 2l
& o] T} Aaks HEF o AMgEe S 49y
o] zZ7)7b dAldich old AN SRR A2l =
718 Ha Z7]9) 3x3 T d9oE Yty o] o
ARS- Sdatell whed) whEAHoR HEgory, &2
BEZR Adibel gleire] o & Ag A83 E9E
e 4 gk dab ool sl local min/maxdihE
AMdstod FEE oy W 294 ik oo

977

£33 % BRE Eo58 121
4] (9),(10)3} zo] & 4= 9lch

OPENING( /I)4,)) = max g {ming{s &Y} b e 1, (9
CLOSING(ITo)(ij) = minp{max g{# %)} , i e n, 10

a2 olF Qb Abgalel AlzA
271} wels) $1AS WAT > slch

1. 21x(Ridge) H&

drhlel wla] e f3= YAl 22 A
2% dAhe 34 w92 wiFT L gho] (zero) BTk
& 3a FRg ARy 7% = otk F =7t
IxJjal &8 A& et shar, Fataat sk 2lx]
a2 FBAREPE, A Azt 3o local
min/max@dAbE o]-8-3led gl odato g K¥| Zitlst
Al 2R g "wAE 9l

dgoz el

1)
*o]"é“

i=1,2,..,1 j=1,2,..,7} (11)

I eipce = { # fapee

o17]41,

1 if wl
0

—max gimingl{ £ &1} > 0
otherwise

y — Leiellg
“RipGE =

Al (Dol local min/max®d4HA] 3x3 2% =715 A
B3 cfx] cdatell sl B =HflE Fo] 2 o]3t
o 22E A& 71 sk o] ¥ o & £9 2lA]
E AEsE rjEY 2E824] rHdde 22y
ol & 2749l A b AdAsled ARgsfel At et
local min/maxAibe AREE Aol Ds] AR

o] 4b Wb Zggroms Yok 2 Ho| PAw
AEY 47) otk & A ()9 Q4R A (129 2

o] #hxkd 4 glrh

i=1,2....1 j=1,2....7} (12

— ) .
T ripce_n = {1 hiee_n

3714,

1 if pld ~max @P{min (i} > 0
0 otherwise

supedl,

i —
fORIDGE n T {

oldf, A4kl ming® maxgell el Hal (n)E o] A4t
nd HHE XEge orlsiy, ol 7)Ee] RERA
AlellA] A bE ZA AAT AMsRE 5398 g
ol A (12)l] ofsh 3lA |2 Fo] 2n o]l B
glz] e AE e F 31‘4 ghA, A (12)
AR 738 AU EAlse $2 e 9
o] BF ZEEA Hed, olE ﬂl-c AAR
ozl s FoaAl el 2lx]) YEER glAlov

|o

2o

m oy



122

2 ool AL AR Y sl o At FEEE
ZAsHA Dk o] F FHE Yo 2] s A
23, A (126 98 FEHAE HAE F ARY
el iy AiA]l Eolv) & ¥ETE #AE
s =k o] A (13)2 A (12)e] 2R A
ol Foltheigh)E ZAlsle 24& AT Zoz2A,
o] Alg o4l T o] A ¥Rk AE
g 4 gle Bk ohel 7RAIL ARge] BRR AHE
AEsE AL Y1 E FE Uk

I orvcen = {#mee_ns i=1,2,..,1 j=1,2,..,7} (13)

3714,

i
H RIDGE_n
1 if pd —max P {min P {u )} > 0 .AND.

pl —max @V (min O aE)) > height ultE e
0 otherwise

o] Ale} A8l PAGL height® Fhos AdAEH
F3g e 2] FE-Eue] HEHA, Ao
AR A RS 23] w2 RS0l
ZE" B ol FRAIRE ARgo] AR A A
29 9= Qick debd AR Bl diExe
AgrezA & 3 AAs AH8ske Aol Frok

2. WE)(Valley) A&

odahye] wiz] REo] ¢, dellMe] =A A
713 FABH, 4] (10)8] 2294 A4he 43
23 292 & slck & FslaAshe Wl 1T
varLey. e A (14)o oJaf 7kd3] FaiAlct

T varev . = {0 %y i=1,2,.. L i=1,2,..,J} (14)

3714,

# YarLey 5 =
{ 1 if ming”
0 otherwise

(max f{ub)) —u&>0 . ugsilc
A (19014 local min/maxd4H] 3x3 Y 718 A
gapd ohA] el aloix St =2 Fol 2n I3}
ol mE 2] ¥29] A A2Y 77 Sk

o] wellx, 2jA] A&2] ot FASHA, e} A4
tAlal Zoldepth)E HAkske 2A& 4 (1494 A7}
g ohee] 4] (19F AHSh ZHARE Ae 9%
WAlshaA Fe Pele] e #EbE ASY
=t

Local min/max A4+& ©]-43 Ridge ¥ Valleyd Z%&

(978)

FhEE A

T vapeey_» = (o %amey s i=1,2,.., 1L 7=1,2,..,]} (15)
714,
u varLey o =
1 if min§”{max {4} —u¢>0 .AND. v
min & {max P}y —wl > depth L plelic
0 otherwise

o] A1) AM-A], YAIZk(depth) & Sgte 2 A F
g o) We] FEERle] A& apegioz A
e wlAg B Er] 23] wejgol 7
2% B opz} sReAIQE ARge] WER AR HE
2 $ee gl wepd 3heA dalel disjxe A
ZHdepth) 224 & gh& AlAsle ARg-she Aol Foh

a3 38 tA" GAtel sl A (129 14 o]&-
sl g)x|9} wWielE AEshe AAS dAIHeR B
g2}, J7|ME Hi4 BF, Zo] 28k oW A
3 2|8 &) sl 7 dake] vbE A4 35 n
L2& 18 AHESsTh

7L dilo] sheslrz 2ERA] AARE ALE-
g A B AAbAzle] deksle AFde] glen, 7]

1o
5

Zol 78 AEEe] B o) xsh Wl 7
FT 4 slidl wlal, B PEE At el A1

she & olslel RE eiAls} WE AEY 4 U

4 7FeAIRk el ARk F)5E Aua ek
544 ek
VoA % 2

=3

E Ao Aol 7HE Qakddl A4t AY A
2 nah AY Au)E= IBM PC 48 DX2ell
PCVISIONplus 3AHAlz] Reg A2l ujd AlAdE
A3

23 4% 37 Akl oIzt A Aol ¥ 4(a)
= 377} 26x26el T 256 1Ele] #Hael dedatol
a9 4 (b)o)(de 2 2 7del o3 FaiEl 7
2] od4}ole}t ©]% 28 A(b):= Johnston¥} Rosenfeld
A o o)gk Azl o] 7P vl 7)ol
T5 Ao FaA 2] dAAe] Eaksle A
How 2R HE Aol v s & 4 slck 13
4(0)E Haralick 714 %1l ola] <deixl Asfolr}. o]
714g Al dAkS XHske f2 3bsta o)9]
12 wl2gt £ 23 IRk £7 o iyt dARES
vlg] A& Fofof sh=d], ® AL A <10



1964 58 MTFISMRXHE %33 % BR £5M

o} £7<-20 & AMERE AFolrt o] A {9
AFeE o & UL AN 79 dAReE

o] 2R 7hg ARl TAIRE Elxlel ARE S E
¢ o B xSl Aesd, dARe 2 k=

s Y el 2jx] F-Evte] HAadt

PIXEL VALUE

{#d}

COLUMN

ming{ 14

maxg {ming{ 44 }}

)
{#r1pcr_1 }

PIXEL VALUE

if
{ud

COLUMN

maxR{n‘é}

ming{maxg{ x4 }}

i
{#vaLLey 1}

a3 3. 8A ¥ ¥ A& A4
(a) g2 2% Al (12), n=1 (b) W] #HZ .
Al (14), n=1

Fig. 3. The procedures of detecting ridges and
valleys.
(a) Ridge detection : Eq.(12), n=1 (b)

Valley detection : Eq.(14), n=1
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Fig. 4. The detected ridges and valleys for the
aerial image.

(a) Original image (b) Ridges (Johnston
and Rosenfeld method) (¢) Ridges (Ha-
ralick method, ' <1.0, £ <-2.0) (d) Rid-
ges (proposed method, Eq.(13), n=1, heig-
ht=3) (e) Valleys (Johnston and Rosenfeld
method) (f) Valleys (Haralick method, [’
<10, £7>2.0) (g) Valleys (proposed me-
thod, Eq.(13), n=1, depth=3)
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Fig. b. The detected ridges for the gray scale
edge image.
(a) Original image (b) Johnston and

Rosenfeld method (¢) Haralick method, £’
<10, 7 <-20 (d) Proposed method, Eq.
(13), n=1, height=3
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Character extraction by the proposed me-
thod.

(a) Noisy character image(SNR=30.78) (b)
Eq.(13), n=2, height=10 (c¢) Eq.(13), n=2,
height=20

Al
A

Fig. 6.

Zd
=

V. =

2 =FoAE local min/max""/‘}»"— o]g3le] t]x]
o Az Aol exeb Wyl S AdEshe A
22 714E AAEi £ ]"401]*1'“ 7|1Ee] RER
2 7)4ellafe] 22y A 2w gk
=g AAsla, 2% | 23 ol 5FE S
AR BAdoll A]tslo] local min/max@AhSE
Sxy 9 F2od g ANE TR tRE
odahdel elr]e} wle] g A&t} 7|Ee] siAA W
ol43h= x| 2wl HEF 7yl wla Atd
e elx] o wlele] zls) WEkS vlg] A4kl 39
7F slo] syt =] ikte R o|Rejx|EE A
2r, A& ez Jid E4E& Rral
uee Aol walg ARSgheRs sk &
o]z}e] a} 2o} Wie]E5-& 44 71EE 5 e VF
o] glon, Mgl Az 7lEE 7ok & 7
a4k dejdl A el eyt =] 2 Aks o
ARS AMElE 2 Bogdakg 918 A8 H/W A A
Hol folslar, 1o wel mFe] Ayt rbed e
2 Az «lg B9, 2 el AMEEE ik
local mind4k, local max<d4l, wleluvs <dab ze|w
vl d4keld], o) 7i7he 28-e) H/WAR 2 Ae|dd
A%, 72 adake] el ARk 13022 7P, A
(1108 o183 2] HA&A Fagh 48 A7 4/30%

o) %33t

O%/\]-o _r.‘j
-1 EHgo Z] o:] A

fagul

L.
=l

N

[e]
=

B
B

(981)

£334%4 BE £5K% 125

e g3lol ¥ e Ave ok et v
watel B Az 2 syl ofs f3k 2l of we]
AEY 5 9 sklck

=2

=

FoEd

=]
L

[{1] R. M. Haralick and L. G.
puter and robot vision, vol. 1,
son-Wesley, 1992,

R. C. Gonzalez and R. E. Woods, Digital
image processing, Addison-Wesley, 1992,
C. R. Giardina E. R. Dougherty,
Morphological methods

Shapiro, Com-
Addi-

[2]
31

and

in image and
signal processing, Prentice-Hall, 1983.

E. G. Johnston and A. Rosenfeld,
detection of pits, peaks, ridges and ra-
vines”, IEEE Trans. on Syst.,Man, and
Cybern., pp. 472-480, July, 1975.
R. M. Haralick and L. Watson,

model for image data”

“Digital

"A facet
, Computer Graphics
and Image Processing, Vol. 15, pp.
113-129, 1981.

R. M. Haralick,

digital images”,

"Ridges and valleys on
Computer Vision, Gra-
phics, and Image Processing, Vol. 22, pp.
28-38, 1983.

Y. Nakagawa and A. Rosenfeld, "A note on
the use of local min and max operations in
digital picture processing”, IEEE Trans. on
Syst., Man, and Cybern., vol. SMC -8, No.
8, pp. 632-635, August, 1978,

V. Goetcherian, "From binary to grey tone
processing  using

image logic

12,

fuzzy
concepts”, Pattern Recognition, Vol
pp. 7-15, 1980.

S. Peleg and A. Rosenfeld, "A min-max
IEEE Trans.
on Pattern Analysis and Machine Intell,
Vol. PAMI-3, No. 2, pp. 208210, March,
1981.

M. M. Gupta and G. K. Knopf, "Fuzzy logic
SPIE Intelligent
Vision XI, Vol

medial axis transformation”,

[10]

in vision perception”,
Robots and Computer
1826, pp. 300-316, 1992.



126 Local min/max <14b& o] 48 Ridge 2 Valleyd 7% FhE 5

B (OE&R)

195748 3 21 H4 19814 2H
et A 7)gstapstap,
198348 28 weddElal sk
A7)t FEAb. 19954 8
A aEdishnr sk d7)Est
IHFEMEAD, 19834 18 ~
19884 108 Zalolelmvlzil(F) od7t¢d. 19884
10A ~ 19914F 27 Aol |l Ta ol g,
19964 38 ~ &1 Aol AlojAlEgsta) 2

Aok AFERA, Hx) W A o4

g8 iF SUIEER) % 324 BiRE 4 12% 2
A selejsta djstel Aolpet
3} upaksig

(982)

pe— e K R A Y e —

& & B(EAR) % 32% B % 123 B9
) oeloiskn st Alpstst
upa}lg

& TIEGB) % 324 B £ 125% 2R

Al srejefsti o) gelt wma



