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Abstract - This is a comparative study for recursive
algorithms in two content search steps in multimedia
databases with endoscopic images. The performance of the
search has been measured according to four parameters:
reapel, precision, the quality of retrieval and the cost of
retrieval. The algorithms are based two methods of deciding
the similarities between the models of images: Minkowsky
distance and correlated measure Pearson. The models of
representing the images in multimedia data base used here
are: the normalized color histogram and texture or
granulation. The data base which contained the models is
indexed according to a linier cluster type. The color space of
the images are RGB reduced to 125 and 256 colors and HSV
reduced to 162 and 256 colors. The study was realized in a
data base containing 310 images grouped in 30 categories. The
results are presented both in tables and graphs.

I. NTRODUCTION

HE INCREASE of multimedia image type information

in all medical fields makes it necessary for the intro-
duction of efficient methods of storing and retrieval of all
the available data.

The systems of searching according to contents in a mul-
timedia database with medicine related images allow for the
storage of large quantities of modeled images as they are
able to come up with images similar to the target image.
They utilize in subsidiary recursive algorithms of search ac-
cording to contents in two or more steps.

Recursive algorithms can use the same methods of trac-
ing similarities at every step, with different methods for
each step. Also, for each step one can use a single method
or a combination of methods.

The models of the images are stored in indexed multime-
dia databases which makes the response time become con-
siderably shorter.

The models of the images are stored in indexed multime-
dia databases which makes the response time become con-
siderably shorter.

The performance of the retrieval process is measured ac-
cording to four parameters:

1. Reappeal measured the ability of the system to retrieve
relevant information from the data base. R is defined as the
proportion between the number of retrieved relevant items
and the total number of relevant items.
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2. Precision (P) measured the accuracy of the retrieval
process. It is defines as the proportion between the number
of retrieved relevant items and the total number of retrieved
items.

3. The quality of the retrieval (CR) is established by the
order of the retrieved items, and it is defined according to
the following formula:

n [ if is relevant
>0
=T [] 0

CR = (M

i
1=1
where n is the total number of relevant items.

4. Cost ( C) measured the reaction speed of the algo-
rithm. It is defined as the number of standard operations ex-
ecuted until the result is given. It is measured in operations/
second.

I1. CoMPARATIVE STUDY

A. Imaged

The study was executed on a data base which contains
the models of 310 endoscopic images organized in 30 cate-
gories containing 4 to 26 images.

B. Color Spaces

The color spaces utilized in modeling the images are the
RGB space reduced to a number of 125 and 256 color re-
spectively, and HSV color space, reduced to a number of
162 and 256 colors respectively.

Quantifying the RGB color space was done through re-
duction to the points which have as coordinates the middle
of the intervals obtained after dividing the axes in 5 and 6
equal intervals respectively. Quantifying the HSV color
space was done in an analogous way, with the axes divided
in 18,3,3 and 24,3,3 respectively.

C. Models of image representation

Two models of images representation were used in this
study [5], [6]:
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TABLE |
ORGANIZAREA PE CATEGORII A BAZEI DE DATE MULTIMEDIA

Category Category name Image

number number
1. Adenopatie 7
2. Atrofie gastrica 5
3. Cancer esofagian tip 1 16
4. Cancer esofagian tip 2 9
S. Cancer gastric tip 1 17
6. Cancer gastric tip 2 11
7. Cancer gastric tip 3 18
8. Cancer gastric tip 4 11
9. Cancer gastric tip 5 10
10. Cancer gastric antral 11
11. Chist 5
12. Diverticul duodenal 12
13. Diverticul esofagian 10
14. Esofagita de reflux 12
15. Fitobezoar 4
16. Gastrita indusa

17. Gastrita papuloasa

18. Gastrita sifilitica tip 1

19. Gastrita sifilitica tip 2 18
20. Gastropatie tip 1 7
21. Gastropatie tip 2 26
22. Hernie hiatala 5
23. Papila majora normala 6
24. Polip 7
25. Stomac rezecat 10
26. Ulcer duodenal
217. Ulcer esogagian
28. Ulcer gastric 14
29. Varice esofagiene 11
30. Varice gastrice 12

- The normalized color histogram which represents the
color distribution of the images is represented according to
this formula:

v it 7 —
H [m=1.M]=F Z%I [xyD=mQ
y= ] 0 other

2

where M is the degree of quantification of the color space
and X and Y are the dimentions of the I image.

G ranulation, which represents the distribution of
granules which form the image, is defined according to the
formula:

v [if (G )=m
T =1.M]= o 3
iLm I ;E 0 other @

where M represents the group of the granule sizes of the im-
age, N is the number of granules in the image and G ., is the
granule of m size.
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For granulation a group of 55 granulation dimentions
was uded following this structure: 1, 2, 3, 4, 5, [6,7],
[8,9], ... [14,15], [16..20], ... [46..50], [51..60], ... [91..100],
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[101..125],
[501..600], ...
[5001..6000],
[400001..500000].

[226..250], [251..300], [451..500],
[901..1000], [1001..1500], ...[4501..5000],
[9001..10000], [10001..15000],

D. The Method of determining similarities

In this study two methods of determining similarities [1]
were used:

- A method which uses Minkowski distance between the
vectors of the models of image representation. It is defined
by the formula:

dM(x;Y):Etipi—yJ 4)

in which X,Y are the vectors of the models of representation
of images, with the dimension N. If the distance has the val-
ue 0, the representation models are considered identical
( maximum similarity of the images) and for the value 1.41
of the distance, the models of representation are considered
to be opposite ( minimal similarity of the images).

- A method which used the correlated measure. Pearson
between the vectors of the models of image representation is
defined by the formula:

N
. |xi—)?||yi—)7|
m,(X,Y) = —== - (5)

Z(x,- —f)zg(y,» -5

in which X, Y are the vectors of the models of image repre-
sentation, with the dimension N. For the value 1 of the mea-
sure, the models of representation are considered identical
( maximum similarity of the models) and for the value 0 of
the measure the models of representation are considered to
be opposite ( minimal similarity of the images).

E. Indexes

In indexing the multimedia data base, an index based on
a linear cluster type structure was utilized.
The linear cluster resembles the hierarchical cluster, as it

TABLE I
OPTIMAL RESULTS FOR PEARSON CORRELATED MEASURE AND COLOR
HISTOGRAM
ID | Reappeal (R)| Precision (P) | Quality Re- Cost (C)
trival (CR)

RGB| 125 | 216 | 125 | 216 | 125 | 216 | 125 216

5 0,591 0,62 ] 0,86 | 0,97 | 0,69 | 0,65 | 2.6 4.0
21 0,60 | 0,57 ] 0,63 1 0,71 | 0,59 | 0,53 | 5.0 8.4
T 0,591 060 | 065 074 ] 052 056 | 550 | 890

HSV| 162 | 216 | 162 | 216 | 162 | 216 | 162 216

5 0,651 0,63 1] 0,551 0,491 035] 030 ] 28 3.9
21 0,441 0,571 0,59 ] 0551041 ] 03753 8.2
T 0,59 | 058 ] 056 | 0,54 041 037 | 745 | 100,5

is organized in two levels [2]. The linear cluster has the ad-
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Figure 1 Performance diagram for the Minkowski distance and the color
histogram
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Figure 2 Diagrama performanta pentru masura corelata Pearson si his-
tograma color

vantage of very easy methods of implementing procedures
of adding, modifying or consulting.

On the first level the leaf-type nodes are added. A leaf-
type nod contains the identifier of an image and the set of
parameters attached to the models of representations.

On level two the cluster nodes are organized. A nod clus-
ter has n copies of leaf-type nods. The set of parameters of a
cluster nod is made up of the average of the models of the
images attached to a leaf-type nod children. The measure of
the similarity between the model of a child and the model of
a cluster is always in between an interval previously estab-
lished. According to the size of the interval, the number of
cluster nods and the average number of leaf-type nod chil-
dren. A leaf-type nod can be part of one or more nod clus-
ters.
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F. Algorithms

In order to search according to contents in an indexed
multimedia data base, a simple recursive algorithm in two
steps has been utilized [3], [4]:

- In the first step the data base is interrogated in a simple
way about the initial target image.

- In the second step, the target model a taret model. The
target model is an average of the initial model and a new
model established by the user or by the system.

In the second stage the similarity thresholds were dimin-
ished by 40% for distances and increased by 50% for mea-
surements, in order to enhance the precision parameter.

G. Results

The performances were measured for two categories with
17( category no 5) and 27 ( category no 21) images respec-
tively, and for the entire database. Both at the category level
and at the data base level, the average parameters ob-
tained by comparing each image of the respective category
with each image from the corresponding cluster in the sec-
ond level.

Table II presents the optimal results and figure 1 shows
the performance diagram (reapel- precision) for the recur-
sive algorithm which uses Minkowski distance for the color
histogram in order to determine the similarity. Similarity
thresholds used are 0.275 for first step and 0.155 for second
step.

TABLE |1
OPTIMAL RESULTS FOR IMINKOWSKI DISTANCE AND THE NORMALIZED COLOR
HISTOGRAM
D Reappeal (R) [ Precision (P) Quality Re- Cost (C)
trival (CR)

RGB | 125 216 125 216 125 216 125 216

5 038 | 0.50 | 0.96 | 091 | 0.59 | 0.68 | 1.7 3.1
21 0.48 | 0.38 | 0.64 | 0.58 | 0.61 051 | 3.2 5.7
T 0.62 | 0.60 | 0.67 | 0.62 | 0.60 | 0.53 | 31.1 | 61.0

HSV | 162 216 162 216 162 216 162 216

5 0.57 | 0.61 0.74 | 0.64 | 0.71 0.75 | 2.1 32
21 0.40 [ 044 | 0.63 | 0.64 | 052 | 0.57 | 3.6 4.7
T 0.65 | 0.64 | 0.66 | 0.66 | 0.62 | 0.63 | 37.7 | 51.3
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Table III presents the optimal results and figure 2
presents the performance diagram ( reapel-precision) for the
recursive algorithm which uses the Pearson correlated mea-
sure for the color histogram in order to determine the simi-
larity. The similarity thresholds used are 0.750 for the first
step and 0.875 for the second step.

Table IV presents the optimal results and figure 3
presents the performance diagram (reapel-precision) for the
recursive algorithm that uses the Minkowski distance for
texture in order to establish the similarity. The similarity
thresholds are 0.150 for the first step and 0.260 for the sec-
ond step.
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TABLE |V
OPTIMAL RESULTS FOR IMINKOWSKI DINSTANCE AND TEXTURE

- comparasion for the two methods of establishing

similarity

- comparasion for the models of representation of
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Figure 3 Performance diagram for the Minkowski distance and texture

III. CoNcLusiONs

The conclusions are based on the comparison between the

performance of the recursive algorithm of search in two
steps according after criteria:

(1]
(2]
[3]

(4]

(3]

(6]

ID | R 1 (R Precision (P li Cost (C .
cappeal (R) | - Precision (P) Ret(l‘zil\l:lll?éR) ost () images and of the color spaces used
RG| 125 T 216 | 125 | 216 | 125 | 216 | 125 | 216 - - comparasion with the standard values.
B The values of comparison are presented synthetically in
s 043 [047 [057 [037 [041 049 [ 13 |14 table V.
21 [ 030 033 {031 [037 [037 [039 [ 19 |20 TasLe V
> > > 37 37 : : : COMPARISONS REGARDING THE RESULTS OF THE RECURSIVE TWO-STEP ALGORITHM
T 0,33 0,40 0,37 0,35 0.42 0.43 24.2 24.7 - -
Hs| 162 | 216 | 162 | 216 | 162 | 216 | 162 | 216 Comparison type Differenc
v e level
1. Recursive algorithms that used the Pearson correlated +
3 042 [ 048 | 045 046 | 046 0.43 14 15 measure/ Recursive algorithms that used the Minkowski
21 | 0,38 | 0,34 | 0,40 | 0,36 | 0.41 0.38 | 2.0 2.1 distance method
T 0,37 |1 039 | 040 0,38 | 0.45 041 | 244 | 24.8 2. Recursive algorithms that used the color normalized +++
histogram model/ Recursive algorithms that used the
texture model
Performance diagram 3. Recqrsive algprithms that used the RGB color space/ +
9 Recursive algorithms that used the HSV color space
1 4. Recursive algorithms that use the color normalized +
histogram in the RGB space/ standard values for recursive
00 altgorithms.
5. Recursive algorithms which use the color normalized -
L histogram in the HSV space/ standard values for this
category of recursive algorithms
c o 6. Recursive algorithms that use texture/ standard values ---
:% s for this category of recursive algoritms
a .
bl
o
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