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ABSTRAcr 

The 2-dimens iena 1 elec trepheres is technique is 
very pewerful to. determine the cempesitien ef a 
bielogical sample. The cemplexity ef the image 
preduced by this precess needs the use ef a 
cemputerized system. 
The purpese ef this paper is to. describe a 
system, called MELANIE, with which the user can 
precess the image ef a 2-dimensienal 
electepheresis gel, separate and quantify the 
different preteins and cempare semi
autematically two. different pictures. The 
algerithms involved in the different steps ef 
the precess are discussed. 

RESUME 

L'electrepherese bi-dimensiennelle est une 
technique tres efficace peur determiner la 
cempesitien en preteines d'une substance 
biolegique. La cemplexite de l'image preduite 
exige le receurs A un systeme infermatique. 
Le but de cet article est de decrire un systeme, 
appele MELANIE, qui permet A l'utilisateur de 
tralter l'image d'une electrepherese 
bi-dimensiennelle, de separer et de quantifier 
les differentes preteines et de cemparer 
semi-autematiquement deux images differentes. 
Les algerithmes mis en eeuvre dans les 
differentes etapes du traitement sent presentes. 

KEYWORDS : image precessing , medical cemputer 
graphics, pattern analysis. 

1. [NTRODUCT [ON 

1.1 Objectives 

The 2-dimensienal electrepheresis technique 
is very pewerful to. separate cemplex mix
tur es ef prDt eins. It is estimated that it 
is pessible to. separate 19,000 preteins on a 
single gel (1) (2). Because ef this large 
numb er, the Dnly practical selutiDn fer 
using 2-dimensiDnal elec tr Dphe r esis is 
through a cDmputerized system. The main 
tasks ef the system are : 

- image digitizatien, 
- neise reductien er eliminatien, 

spet detectien er separatien, 
- nermalizatien and standardizatien. 

Pregrams have been develeped at the Univer
sity ef Geneva which censtitute the first 
part ef a large preject called MELANIE 
(Medical ELectrepheresis ANalysis Interac
tive Expert-system). These pregrams are 
intended fer image precessing and medical 
diagnesis and are based en Artificial Intel
ligence metheds. This research preject is 
multidisciplinary and invelves greups ef 
researchers in medicine and in cemputer 
science (at the Univers ity ef Geneva) , in 
biechemistry (at the Federal Pelytechnic 
Institute in Zurich) and in cemputer science 
(at NIH-Bethesda, Maryland, USA). The wide 
range ef activities in this demain, in par
ticular the werk ef Harringten et al. (3) 
and ef Wiederkehr and Venderschmitt (4), 
cenfirms the present interest in adapting 
the 2-dimensienal electrepheresis technique 
to. a clinical envirenment and ef develeping 
a new diagnestic teel. 

This paper describes enly 
precessing sectien ef MELANIE. 

the imag e -

1.2 Main preblems in the prec essi ng ef 
twe-dimensienal electrepheresis images 

The aim ef precessing 2-dimensienal 
electrepheresis images is the det ec tien ef 
spets and their characterizat ien by th eir 
ceerdinates and the density ef pret ein th ey 
centain. 

The biechemical technique ef el e ctrephere sis 
preduces images that are net e f h igh qualit y 
and which centain a let ef nei se. This nDise 
is ef three types 

backgrDund neise, 
- herizental and vertical s tr eaks, 
- "neise" superimpesed Dn SPDtS. 

On the e ne hand, the image-prDcessing 
preg ram must cDmpensate fer th ese nei ses 
a nd, en the Dther hand, must have th e 
foLlewing qualities in Drder t o be used ln 
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an operational environment 

(a) display of all the significant 
spots, 

(b) fast processing, 
(c) portability. 

11. TWO EXISTING SYSTEMS 

In the field of computerized spot detection 
in electrophoresis images, one can cite two 
important works : TYCHO (5) and ELSIE (6). 

11.1 TYCHO 

The TYCHO system runs on a POP-ll/60 using 
an AP-120B array processor. The purpose of 
the sys tem is : 

- background subtraction, 
- spot detection, 
- Gaussian spot modelling , pattern 

matching and comparison. 

TYCHO is based on a Gaussian model of the 
spots. This method has ma ny good qualities, 
but it is not adapted to our needs; also 
the execution time is too long and the 
qualitative aspect of the original image is 
not preserved. 

The general approach adapted for 
e 1 imi nat ing the background noise and the 
str eaks is to find the minimum element in 
some selected region surrounding each image 
pixel. The regions are vertical and 
horizontal line segments , which are used to 
scan the image in x and y directions . This 
method allows background noise and streaks 
to be removed . Unfortunately , despite the 
use of an array processor , the CPU time 
necessary to process an image is much too 
long to be used for an interac tive system 
such as MELANIE. For th is reason , on ly the 
ge nera l method of background and streaks 
subtraction was retained, but this is 
imp lemented in MELANIE in another form. 

rr . 2 ELSIE 

The ELSIE sys t em, deve loped by M. Mi l ler on 
a VAX-ll/750, is a sophisticated and 
complp.x sP.t of programs, which perform· a 
largp. numb er o f ope rations on 2-d i mens ional 
ele ctr ophor es i s i mages . Among th em we can 
ment ion : 

- s po t de t ec t ion , 
- densit y mea sur ement s , 
- image compari son. 
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The algorithm used to detect the spots is 
based on the principle that a point p 
belongs to a spot i f the following 
condition is satisfied 

J(p).. L F(x,y) * G(x , y) < S 
P 

where F is a second degree function of 
two v~riab les; 

G is the discrete function 
describing the image; 

P is a square region cent e red on 
the point p; 

S < 0 is a predefined limit. 

ELSIE offers the user a very powerful tool 
for detection and comparison of spots. 
However, it 
properties : 

has some i nconvenient 

- the total number of operations ~ s too 
large , 

- small spots are not always detected , 
- the use of a third-degree function to 

approximate the bac kground nois e 
i ntroduces some imperfections ( bad 
limit cond i tions , lack of pr ec ision 
t o approximate small dif fe r enc es , 
etc . ) . 

Ill. MELANIX THE IMAGE PROCESSING PART OF 
MELANIE 

111 . 1 Introduct i on 

Col labor at i ng wi th Dr . Miller' s gr oup 
al l owed us to benef i t fr om previous work 
done i n the pr ocess i ng of 2- dimens i onal 
electrophores i s i mages . We have ba sed our 
developments on the ex is ting ELS IE syst em, 
but we have i mpl emented new algorithms for 
no i se subtract ion and fo r s pot detec t ion. 
Moreover , we have augment ed t he r ange of 
i mage di spla y options by adding to th e 
conunon 20 p ic tur es in gr ey leve ls or i n 
fal s e colors , a pseudo-3D r e pre s ent a t i on , 
for which the user can int er act i ve l y 
define or modify th e parame ters ( see Fig . 
3 and following f igures) . 

III.2 MELANIX 

MELANIX is th e ima ge- pr ocessi ng su bsys t em 
of MELANIE , a nd it executes t he fol l owing 
sequenc e of ope r ations : 

- bac kgr ound and s t reak subtr action , 
- no ise on s po t r e du ction , 

de t ec t ion a nd se pa r a t ion of t he 
spot s , 
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- computation of the surface of spots 
and of protein density. 

In addition to this basic set of 
operations, MELANIX offers the user 
various display options: grey levels, 
pseudo-colors, 2D representations and 
pseudo-3D representations (see 
illustrations). To produce the pseudo-3D 
representat ion, and in order to emphas i ze 
the details without loosing the global 
view of the image, we consider the 
2-dimensional gel as a projection of a 
three-dimensional picture with the values 
of the pixels representing the third 
dimension. 

An algor i thm to remove the hidden lines 
gives the picture a better quality and 
makes the small spots easier to visualize 
and to detect. 

Below are the detailed descriptions of the 
four phases of image-processing. 

111.2.1 Background and streak subtraction 

The bas ic idea used in the TYCHO system 
for background and streak subtraction is 
improved in MELANIX to give better results 
and run faster. 

The method 
steps: 

consists of the following 

1) Determining a horizontal segment of n 
pixels length centered on a given pixel 
p(i,j) . 

2) The minimum 
placed in 
( i, j ). 

value over the segment is 
a matrix at the position 

3) Steps 1 and 2 are repeated for every 
pixel of the gel. 

At the end of the process we have a matrix 
of the same resolution as the image. In 
order to avoid fuzziness at the edges of 
the streaks , we determine the maximum 
values ov e r the matrix using the same 
me thod as explained above. Finally, the 
matrix r e presents the value of the 
bac kground noise and the horizontal 
s tr e aks. We subtract this matrix from the 
image. 

The s ame process is performe d vertically. 
Figures 3 to 8 illustrate the diff e rent 
s t e ps o f th i s proc e ss. 

In o rd e r t o r e duc e th e CPU t i me ne c essa ry 
t o execu t e th e a l go r i thms o f bac kg r ound 
a nd s tr eak s ubtrac t i on , th e poi nt s of th e 
ov e rl a pping s e gment ar e or ga n i ze d i n a 
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binary-tree. This structure allows a very 
fast determination of the minimum (or 
maximum) value. When the segment is 
shifted to the adjacent pixel (vertically 
or horizontally), the extraction of the 
outgoing pixel and the insertion of the 
incoming one is easily achieved. A great 
amount of time can be saved using this 
method. 

An option in the system allows the user to 
eliminate the background noise without 
suppressing the streaks. This is done by 
considering a segment which is diagonal to 
the picture. This is an interesting 
possibility, because the streaks are 
produced by proteins which may be 
significant in certain cases and we want 
to keep them visible. 

111.2.2 Noise on spot elimination 

This step consists mainly in the 
elimination of the noise local to a spot. 
This is done by the following smoothing 
algorithm. 

Given a function F(X,Y), this function is 
"smooth" if its Laplacian equals zero or : 

+ o 

Thus we compute the Laplacian of the 
discrete function G(X,Y) , describing the 
gel, at each point (Xi , Yj) and by 
using the Gauss-Seidel method we compute 
its solutions. 

\JG(X.,Y . ) 
1 J 

2G(X. ,Y . ) - G(X . 1'Y ' ) - G(X. 1 ' Y') 
1 J 1+ J 1- J 

+ 2G ( x. ,Y . ) - G (X. , Y. 1) - G ( X. , Y. 1 ) 
1 J 1 J+ 1 J-

\7G(X . , Y. ) = 4G(X ., Y. ) - G(X. 1 ' Y ' ) - G( X. l ' Y ' ) 
1 J 1 J 1+ J 1- J 

G(X . , Y. 1) - G(X . , Y. 1 ) = 0 
1 J+ 1 J-

By factor i sation 

G(X.,Y . ) = (G(X . 1 ' Y ' ) - G(X . l'Y ' ) 
1 J 1+ J 1- J 

- G(X . ,Y . 1) - G(X . , Y. 1»/4 
1 J+ 1 J+ 

G(Xi, Y j) lS th e n t a k e n a s th e n e w 
value of the po int (Xi , Yj). Thi s 1 5 1n 
f a ct th e me an o f th e fo ur neighbo r i ng 
po ints of the po int (Xi,Y j ) ' This l S 

done fo r a ll th e poi nt s of th e or ig inal 
image a nd it pr o duc e s the smoo th ed image . 
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111.2.3 Spot detection and separation 

min 

Once the image is processed for noise 
subtraction, one has to detect and 
separate the spots in order to give the 
user a synthetic view of the gel and to be 
able to perform the computation of the 
protein density for each spot. 

The algorithms implemented in MELANIX for 
spot detection and separation are 
completely different from those used in 
TYCHO or ELSIE. They are based on the 
following concepts : 

(l) the Lap lacian of that func t ion is 
positive at it's peak; 

(2) the minimum value of the second 
derivative with respect to x and y 
is negative on the boundary of the 
edges of a spot or in the region 
separating two very close spots. 

A point p belongs to a spot if the 
following condition is satisfied : 

L ';:iG( p) 
'---

dy2 

where L, Rand C are pos itive constants. 

111.2.4 Computation of the surface of the spots 
and of the protein density 

The method used in ELSIE was implemented 
for I£LANIX. This method consists of 
computing the integral for every spot. The 
density of protein is then determined in 
relation to certain reference spots whose 
concentration is precisely known. 

At the present stage of development, 
MELAN1X performs the complete processing 
of an image of medium complexity (512 x 
512 pixels and approximatively 500 spots) 
in around 10 minutes of VAX-ll/780 CPU 
time (running UNIX BSD 4.2) . 
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Figure 1. An electrophoresis image. 
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Figure 2. The - image of fig. 1 after the 
detection and separation of spots. -

Figure 3. A pseudo-3D representation of 
the digitized original image. 

Figure 4. The value of the background 
noise and the streaks in the 
x direction. 
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Figure 5. The image after the subtraction 
of the background noise and of 
the streaks in the x direction. 

Figure 6. The value of the streaks in the 
y direction. 

Figure 7. The image after the subtraction 
of the streaks in the y 

direction. 

Figure 8. The final image after noise and 
streaks subtractions and after 
smoothing ( this is a pseudo-3D 
representation of the image of 
fi g . 2) 
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