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ABSTRACT %??ACE IXAGI;: PROCLSSING OPLI IATOR 

Presented is an operator that exp l i c i t s  
surface r e l i e f  by process* four irmges of 
the surface.  It uses difference of m e s  , 
capturcd under d i f ferent  illuinination 
conditions. It is  based on photometric 
s tereo  and local  shad.ing analysis .  This 
operator eliminates image noise re la ted  
with changes of surface albedo and exp l i c i t s  
speci f ic  s u r f ~ c e  r e l i e f  areas such as peaks 
and ridges or p i t s  and vall'eys. We have 
theore t ica l ly  proved, t ha t  f o r  the surfaces 
with Lambertian reflectance , w e  obtained 
a f t e r  processing only s l i gh t ly  a f f e r s  from 
Laplaclan of the function describing surface 
r e l i e f .  Also presented are experimental re- 
s u l t s  of operator t e s t i m .  

The se~nen ta t ion  of surfaces t o  planar,  
cy l indr ica l ,  concave and convex f r m e n t s  is 
frequently encountered i n  computer vision.  
The t e s t ing  of the surface qual i ty  of se- 
ries-produced objects ,  f o r  example, may 
include location and explication of surface 
flaws such as s teps ,  ravines,  cracks, e t c .  
Xxplication of such speci f ic  surface r e l i e f  
areas is often d i f f i c u l t  f o r  t h e i r  obscuri- 
ty. Additional obstacles (changes of surface 
albedo and matte ref lec t ion)  make the use of 
t r ad i t i ona l  methods hardly ef fec t ive .  There- 
f o r e ,  special  processini: i s  necessary fo r  
t h e i r  elimination i n  surface imges  and 
explication of l e a s t  d i s t i nc t  surface re- 
l i e f .  

A number of transfomations are used t o  
enhance s l igh t  chamges i n  bmge briehtness . 
One of them is  the Laplacian operator and 
i ts  several  va r i e t i e s  widely used f o r  
detection of l i nes  and contours (1 ). Its 
d i r ec t  use in  surface r e l i e f  change 
in tens i f ica t ion  is, however, impossible as 
available are  only w e s  of surf ace,  not 
the function describing the surface r e l i e f .  
It is ,  theref ore,  necessary t o  develop 
operators capable of obtaining Laplacian 
functions of surface r e l i e f  description 
a f t e r  surface image processing has been 
perf onned . 

These conditions considered, a new 
operator has been developed and tes ted .  I t  
is  based on photometric s tereo  and local  
shading analysis  (2,3,4). Four i w e s  
ohWned by sequential surface illumination 
with four lamps are  used as input m e s .  
Illuminant directions 

are syrrmetrical t o  the plane surface normal 
ad the projections coincide with axes x,  - 
X, y ,  -y (as it i s  shown i n  Fie.la). The 
operator is  defined by the fonnula 

are input imges  ob'wdned by sequential 
illumination of surface z(x,y) with four 
illuminators(Lx, L-x, Ly and L-y ), I,(x,y) 

represents the m e  with enhanced surface 
r e l i e f ,  Iv(x,y) and Ih(x,y) are  the images 

with enhanced "vert ical" and "horizontal" 
r e l i e f .  By processing only two of input 
images it is  possible t o  enhance surface 
r e l i e f  along y o r x a x i s  ("vert ical" o r  
'horizontal"). 

Using a simple model of image formation 
widely used i n  shape-from-shading (2) it i s  
possible t o  show tha t  with doubly differen- 
t i ab l e  srnooth surface function z(x,y) the 
operator approximates the Laplacian opera- 
t o r :  
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"vert ical" arid "horizontal" surface r e l i e f .  
Fig.2a i s  the surface with round valley 
described by function 

whereqrepresents surface albedo and 1 is  
the coeff ic ient  dependent on direction of 
illumination. Accuracy of approximation 
depends on the dz /ax  and az /a  y values. A t  
the. extreme points of the function z(x,y),  

so I,(x,y) f u l l y  corresponds t o  the 
Lap1 acian 

2 I,(., y)=291m2z/~x2+d./ay2)=291v z ( x , ~ )  

Figure 1 i l l u s t r a t e s  a case of theore t ica l  
modelling of the operator and i ts comparison 
t o  the Laplacian operator, where l a  is the 
surface described by function 

Ib is  the Laplacian of function z(x,y); I c ,  
w e  I,(x,y); Id ,  section of functions 
I*(x,y) and v2z(x,y) when y=O. This shows 
tha t  I,(x, y) i s  2a considerably accurate 
approximation of v z(x,y) . 

Figure 2 i l l u s t r a t e s  an explication of 

where k=0.0625; 2b, iniage IV(x,y);  2c, irnage 

Discrete approximation of the  operator is  
defined by the f o m l a  

It has been theore t ica l ly  proved tha t  
t h i s  operator is comparable with the  
Laplacian only in cases of surfaces wlth the 
Lambertian reflectance function, absence of 
shadows on m e  fomat ion  and constant 
surface albedo on convexities an6 
concavlties. Experimental t e s t ing  showed 
t h i s  preprocessing algorithm e f f i c i en t  even 
when these l imitat ions are  ignored. 

A universal image processing system 
"PERICOLOR-2000E" was used f o r  experimental 
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t e s t ing  of the operator. A high quali ty TV 
camera was used as input device. Imwes were 
processed as 512*512 axrays with 255 shades 
of gray. i3efore processiw images were 
smoothed. For experiments were used several 
surfaces with nearly specular and hnber t i an  
reflectance: metall ic w e  with an old 
Lithuanian cas t le  (Pig.31, f i w e r p r i n t  on a 
plasticine (Fig.4a), an almiiniun plate with 
engraved numerals (Fig .4b), calculator label 
with stamped se r i a l  number and month of 
production (Fig .4c). There arc shown one of 
the four input irrages of the above mentioned 
surfaces. A l l  these input imges are very 
noisy due t o  surface albedo changes, 
specular reflections and shadows. Also there 
are show processed (output) imges a f t e r  
b ina r i za t im with expl ic i t  convex (concave) 
surface areas. I t  is  possible t o  expl ic i t  

concave surface areas by se t t ing another 
level of binarization. Pig.3t i l lus t r a t e s  
poss ibi l i ty  t o  expl ic i t  separatly "vertical" 
(lower l e f t )  and "horizontal" (upper r ight)  
surface convexities. 

CONCLUSIONS 

Troposed surface re l ief  explication shows 
promising resul ts .  It allows t o  eliminate 
noises due t o  surface albedo changes, 
specular reflections and shadows. Image 
obtained a f t e r  processing only s l ight ly  
di f fers  from Laplacian of tne function 
describirg surface r e l i e f .  The operator 
detecto convex and concave surface areas and 
can he used i n  computer vision. 
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