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ENHANCEMENT OF DIGITAL IMAGES BY 
MODELING TWO-DIMENSIONAL SURFACES* 

John G. Huebel and Gregory K. Myers 
Lawrence Livennore Laboratory 

Livermore, California 
ABSTRACT 

A method of digital Image processing is described which can be used to improve 
the quality of radiographic images. An image 1s modeled as the sum of back
ground Information, details of interest, and noise. The background is then 
modified in order to enhance the details. 

1. INTRODUCTION 
Often in digital image processing only small de
tails in the image are of interest. These detail& 
may be of low contrast and imbedded in unwanted 
background information. For example, in biomedi-
cal applications, efforts have been made to 
extract significant features from X-ray radio
graphs of the chest area for use in pattern 
recognition schemes for automatic diagnosis [1]. 
The features are geometric in nature and are 
usually derived from edge information. Except 
for isolated regions of special interest* the 
remainder of the image is of little importance. 
Previously used techniques for enhancing such 
images include histogram equalization [1], high-
emphasis filtering [1,2], alpha-processing [3], 
and gradient operations [4]. The results of 
these processing techniques are at least par
tially a function of the background on which 
the details of interest lie. One manifestation 
of this dependence is the shifting or distorting 
of the grey levels which represent the details 
of interest by a background with non-uniform 
characteristics. Another is that the dynamic 
range of the image may be determined by the 
background rather than the desired information. 

In order to deal with these two problems direct
ly, we have developed a technique to model the 
backgrourd and remove it from the Image. The 
image is modeled as the sum of the desired in
formation, the undesirable background, and 
additive noise. The background is approximated 
by a two-dimensional polynomial using regions 
in the Image where the desired signal is absent. 
The approximation is the result of finding the 
minimum norm solution to the linear equations 
defined by the model of the Image. The coeffic
ients of the two-dimensional polynomial are 

"This work was performed under the auspices of 
the U.S. Energy Research and Development-
Administration under contract #W-7405-ENG-48. 

are computed using the generalized inverse. The 
polynomial is then subtracted from the image to 
obtain the result. 
We have applied this technique, which we call sur
face removal, to flash X-ray radiographic images. 
In our case, the background, or surface, may be 
the result of the non-uniform intensity profile 
of the X-ray beam, the density profile of an ob
ject on which the features of interest lie, or a 
combination of these and other factors. An ex
ample is given at the end of the paper. 

2. SURFACE MODELING 
An undesirable surface can be characterized as an 
additive distortion as follows: 

F(x,y) = I(x,y) + S(x,y) + N(x,y) (1) 
where F = X-ray image 

I = contribution from desired signal 
S = contribution from the surface 
N = contribution from noise sources. 

Our approach is to estimate S{x,y) and subtract 
it from the original image. 
The undesired surface S is assumed to be a linear 
combination of linearly independent basis functions 
9 0(x,y), g-,(x,y) g„(x,y). The functions g Q 

through g are predetermined but arbitrary. 

The complete system of equations obtained by 
including all digitized points is**: 
**A function of two variables can be expressed as 
a matrix by the natural ordering of Its arguments. 
Vie have chosen to transform these matrices Into 
column vectors by successively stacking columns 
from the matrix Into one larger column. This 
procedure is extensively used for matrix storage 
in digital computers. 
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therefore* 
5 = [G]-C 

Equation (1), the film density equation 
becomes: 

F = T + [G]-C + N . 

(4) 

(5) 
Each equality or row in this system represents 
one point in the digitized image. By selecting 
points for which I(x,y) is zero we get a reduced 
svstem with fc' m 1 rows and n columns. 

therefore: 
[G']-C + N' 

[S'K = F' +e 

e = -N' 

(6) 

(7) 

(8) 
The matrix 6' to be useful should contain more 
rows than colutrns**and will necessa-ily be 
either inconsistent or linearly redundant. 

*A variable which is enclosed between parenthesis 
or which has an arrow above it is a vector. A 
variable enclosed between brackets 1s a matrix. 

**i.e., we should retain more points in the re
duced system than we have coefficients to 
estimate. 

The best linear estimate of S(x,y) is 9<ne for 
which the norm of e 1s minimized. If C 1s the 
value of the C vector which minimizes the norm 
of ? 1n (6) then C can be found as follows: 

C = [STF1 (9) 
where [G 1]" is the generalized Inverse of the 
matrix [G'l [51. The generalized inverse of 
any matrix always exists, is unique, and 1s equal 
to the true inverse whenever the true Inverse 
exists. 

3. EXAMPLE OF APPLICATION 
An example of this technique 1s shown In Fig
ures 1-5. Figure 1 shows a flash X-ray radio
graphic Image of an experiment in which a small 
chamber containing liquid hydrogen is enclosed 
by two concentric metal cylinders. He would 
like to determine the exact locations of the 
edges of the chamber and the cylinders. Notice 
that the dynamic range In the area of interest 
is poor. The density profile of the cylinders 
was approximated by a two-dimensional, 4th-degree 
polynomial containing 15 coefficients. The 
fifteen functions g (x,y) through g,»(x,y) were 
respectively: 

1, X, Y, X 2, XY, Y 2 

X 3Y, X 2Y 2, XY 3, Y 4 

Approximately 1000 points were retained in the 
reduced system of equations and used to estimate 
the fifteen coefficients. They were selected 
from the portion of the image containing the 
cylinders. Figure 2 shows the result of sub
tracting the estimate of the surface irom the 
original image. The dynamic range in the area 
of interest has been improved, and the et^cs 
can be distinguished more easily. Figure 3 
shows a graph cf one horizontal line taken from 
the original image. Figure 4 compares the es
timated surface (solid line) to the original 
data (dotted line). Figure 5 shows the line 
after the esdmated surface has been removed. 
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Figure 3 

Figure 4 
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Figure 5 
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