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Abstract—This paper presents a new approach for using suppress noise with long heavy-tailed density functions. It is
an operated-assisted reinforcement on-line learning for mine well known that the median filter doesn’t produce good results
identification from electro-optical images. The images acquired in the presence of Gaussian noise. However, our preliminary

from Streak Tube Imaging Lidar (STIL) that constitute contrast . - , . .
and range maps are used. A reduced set of features usingstudy using the Lilliefor's test [5] didn’t give any evidence for

the Zernike moments is extracted from each preprocessed and Normality assumption. Moreover, the application of the median
detected/segmented object. This set is fed to a flexible network filter suppressed some of the noise associated with the sensor,
which uses a new on-line reinforcement learing based on mgost importantly the line artifacts introduced by the scanning
expert operator's votes. An important feature of this system oo ponico

is that it allows for the incorporation of new objects learning The second and third steps of the process involve object
without deleting or modifying the previously learnt cases. The . . .
performance of this preliminary in-situ learing system will be detection and a robust and reliable segmentation scheme.
demonstrated in this paper on several STIL images and the Variational methods [6], [7] are widely used for image seg-
confusion matrix of the overall system will be presented. mentation purposes. The goal of these methods is to the
find an energy function and minimize that subject to one or
several meaningful constraints. The variational method used
The identification of underwater mines presents a majbere for segmenting potential targets purposes is based upon
challenge for any automatic recognition system. Among thke gradient vector flow (GVF) snake [8] - [9]. For the snake,
factors that impair the performance of these systems afiee best functionl'(s) = (x(s),y(s)) represents the set of
Target features change significantly with the aspect angleints over a closed boundary ards the arc length of the
variation and target range. The surface characteristics amuhtour.
reflectivity are highly variable, thus impacting the signal-to- Once the desired contour of the segmented is obtained
noise ratio (SNR). Targets may be obscured by biologicasing the GVF snake algorithm that will be described later,
sources such as vegetation or plankton in the water columntiee next task is to find a representative and salient set of
on the sea bottom. Natural and man-made clutter can increésstures to represent targets (mines) and non-target objects.
the occurrence of false alarm. Environmental conditions afithe challenge in this task is to extract a low dimensional
in particular the variations in the turbidity can substantiallgnd robust shape-dependant feature vector that captures all the
change the quality of the collected data and hence the conspgportant attributes of the segmented objects. To this end, a
uousness of the targets. Presently, laser-based optical deviegsiced set of shape dependant features based on the Zernike
that offer not only good optical contrast images but also rangegoments [10], [11] is extracted from the range and contrast
maps with depth information are being used [1] [2]. Onmaps of each detected/segmented object. This set contains
of these devices is the electro-optical identification (EOIDhformation about the binary silhouettes of each object. These
sensor embedded in the Streak Tube Imaging Lidar (STIlfgatures are invariant to object rotation, translation and size
The identification method proposed here basically involves figealing. Additionally, Zernike moments are insensitive to noise
major steps: preprocessing, detection, segmentation, featamel nominal distortion.
extraction and classification. The last step in our underwater target/non-target identifica-
The first step of the identification method involves somion system consists of a flexible network that is capable of
low-level preprocessing of the contrast images in order tearning based not only on well-established information such
enhance the target signatures and to reduce the effects of naisdhe class membership of any particular objet (target/non-
and sensor artifacts. Typical methods are image transforntarget) but also from the information provided by users of
tions and linear or non-linear filtering [3]. Preliminary studiethe system. The network’s structure is formed of three layers:
performed on the contrast images indicated that applicationtefo static and one flexible. The input (first) layer receives
a windowed 3x3 2D Wiener filer followed by a 3x3 medianhe set of features extracted from each object and propagates
filter applied in a raw-wise manner, helps to remove linthese features to the units of the second layer. The second
structures caused by the scanning mechanism of the STflexible) layer then maps the input feature vector via a linear
sensor. In [4], an adaptive order statistic filter was used tw non-linear transformation to another vector with the same

I. INTRODUCTION
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dimension. The third layer acts as a retrieval layer which is

used to score on the detected objects. This network allows Eept(z,y) =1 - I(2,y) @)

for the expert operator to evaluate the results of the classifi-

cation and retrieval and then provide on-line reinforcement, A snake that minimize€s must satisfy the Euler equation

if needed. The learning mechanism is derived on the basis of

the existence of correlation between features for any object. aX"(s) = BX""(S) — VEup = 0 3)

The capability of leaning from the user and from the image

identified by the user during the feedback process is a speciaFigure 1 shows an example of how GVF snake is working.

property of our learning scheme. Figure 1(a) demonstrates the progress of deformation and
The organization of this paper is as follows: Section Konvergence of the snake to the edges. The outer circle is

presents the segmentation method used in this paper. Hw initial snake. As can be seen, the GVF snake has a large

this method, a 5-steps procedure is presented at the end-@ppture range, i.e. the snake can converge to the boundaries

the section along with a mathematical review of the snaké the object even when the initial snake is far from the actual

algorithm. Section Il describes the feature extraction methé@undaries. This characteristic shows the robustness of this

for which a small set of Zernike moments is used as featur@ethod to the initial choice of snake. Figures 1(b)-(d) show

Section IV introduces the connectionist system with linedfhe edge map captured, the gradient of the edge map and the

cells used for feature mapping and retrieval. The trainirgfadient vector flow, respectively.

algorithm for this network is presented in Section V. The last

section gives the results of the classification scheme realized @efomaionnprosress. fier=125 (0):edge map

over three targets and two non-targets objects. 3

[l. SEGMENTATION VIA THE GVF SNAKE METHOD

Snakes, or active contours, are used extensively in the
computer vision and image processing applications. Snake are
curves defined within an image domain that can move under
the influence of internal forces coming from within the curve
itself and external forces computed from the image data. The (c)-edge map gradient (d)normalized GVF field
internal and external forces are defined so that the snake will i
conform to an object boundary or other desired features within
an image. Snakes are typically used in applications such as
edge detection [8] , shape modeling [12] and segmentation
and motion tracking [13].

A traditional snake is a curv& (s) = [x(s),y(s)],s € [0, 1]
that moves through the spatial domain of an image to minimize
the energy function

il

& o
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L

Fig. 1. An Example of GVF Snake Process

f ) ) In this paper, we form the GVF snake using the following
B= [ {1/2a X6 + BIX" () + B (X()}ds  procedure:
0 1: To reduce the sensitivity of the snake to missing edges,
. @) sub-sample the original images and generate low-resolution
wherea, 3 are weighing parameters that control the snakegsions. This could also be done using 2-D discrete wavelet
tension and rigidity respectively, and’(s) and X" (s) denote ansform [3].
the first and second derivatives &f(s) with respect tos.
The external energy functiof.,; is derived from the image binary edge map.
so that the energy functioy takes on small values at the - Based on the edge map as the external force, derive the
features of interest, such as boundaries. Given a gray qugi '

. tpical ext | ies desianed 1o lead dient vector flow.
|ma_lge,f(x,y), ypical external energies designed 1o lead al 4. get the initial snake. Since the target recognition should
active contour toward the edges are:

be done automatically, the initial snake should also be set
_ 2 automatically. The image center is computed using the image

gzzgi:zg _ _}g{éﬁ’(‘?'y) *?»r(x7y))‘2 geometric moments described by, = Y, , 2"y'I(x,y),

where I(z,y) is the image intensity function at pixék, y).

where G, (z,y) represents a 2-D Gaussian function witfThereforexcenter = mag/moo, ycenter = mg1/moo. This
standard deviatiorr and V is the gradient operator. Here,is used as the center of the initial snake. Then, for all the
we use Canny edge operator [3], [14] to generate the binggssible edge points on the binary edge map, the distances
edge map/(z,y) and then use between the edge points to the snake center are calculated,

2: Use Canny edge detection operator [3], [14] to get the
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and the median value of the distance is used at the radiushainan and machine could help, through time, to reduce
the initial snake. the number of mis-classification errors and to incorporate,
5:Update the snake until the snake reaches the stable statea supervised fashion, new targets or non-targets into the

Once the binary silhouettes of the detected objects 4pachine’s 'knowledge’. Similar applications are encountered
formed usingGVF snake, shape dependent features usify@ Wide variety of problems including but not limited to facial

Zernike moments are extracted. The method is presented n8g{tern identification using security cameras and computer-
aided detection of tumors.

[ll. FEATURE EXTRACTION USINGZERNIKE MOMENTS A typical image retrieval system, as shown in Figure 2(a),

Zernike moments form a complete set of complex polyn&omprises four units: storage, image indexing, user interface
mials defined in the interior of the unit circle. For a discretand search/retrieval subsystems. The image indexing unit pro-

image (e.g a window containing the segmented objgat,y), Cesses each document or image in the database and generates
the Zernike moments of order n with repetiton m wher@n indexed file based upon certain attributes in the document

Im| < n andn — |m| constrained to an even number, ar€' Sets of features associated with different objects in the

give by image. The information of each document/image is stored in
the database with possibly a label that identifies a class for
n+1 . each pattern
Anm = 0y Vnm 70 4 . .
T %:Zy:f(z Y)Voim (0, 6) ) The flexible part of the system consists of a three-layer

network (Fig. 2(b)). The first layer receives the input feature
where z* + y* < 1 i.e. confined to the interior of the image and distributes each component to the units of the
unit circle, p is the length of a vector from the origin ofsecond layer which then maps, via a linear transformation,
the unit circle to(x,y) point, ¢ is the corresponding phasethis feature vector into another one with more discriminative
angle, andV(p, ¢)form a complete set of orthogonal complexapability. The third layer or “retrieval layer” performs search
polynomials over the unit circle. These are defined by and information retrieval by mapping the input image to the
_ image indices (labels) and generating a rank or score for each
Vo (05 0) = R (p)e?™” (5) stored image based upon a similarity measure that will be
defined later.

The second layer in this network is a flexible layer referred
to as “feature mapping layer”, which maps the original feature
(=1)*[(n — s)1]p"—2* vector by incorporating relevance feedback and high-level
(6) knowledge from the expert users. The weights of the third

layer are obtained from the set of training vectors that repre-
Note thatR,, _,.(p) = R.m(p) and alsoA?, = A, _,. sentthe importance of each the image. Figure (3) shows this
Clearly, the magnitude of the Zernike moments gives rotatidhree-layer network structure, which can easily be trained to
invariant features. To make the moments translation invagrovide a flexible learning engine for inferring feature (query)
ant, the image is transformed to a new coordinate systa®ncept association and clustering of queries on features. The
by moving the origin to the centroid prior to the momenmapping layer enhances or assists the task of specifying the
calculation. Then the first-order moments of the new imagequired information in the image by augmenting the user’s
become zero. To achieve scale invariance, the image is resieeiginal feature vector with information extracted from the
by making its zeroth-order moment to a predetermined valuelevant images (mines/non-mines) and identified by previous
Thus a general mapping of typ&“* (z,y) = f(z+£,7+ %) expert users (high-level) to be most relevant. This is accom-
where (7,7 are coordinates of the centroid of the originaplished through an on-line iterative learning that allows for
image f(x,y)and a is a scaling parameter. The scale antelevance feedback from the user and accounts for changes
translation normalization process affects two of the Zernike the data and/or environmental conditions. The learning
features namelyAq| and|A;|. Thus,|Aqo|will be the same dynamically builds statistical associations between the images
for all the images andA;;|will be zero. As a result, theseand known solutions identified by the expert users. When
moments will not be included in the extracted feature set and image is marked as relevant or correctly tagged by the
the selected features start from the second-order moments. €kpert user/operator, the proposed architecture goes through
great benefits of these moments are the orthogonal propeaty iterative on-line learning to extract additional low-level
of the expansion and their immunity to noise and distortiomitributes or concepts from the selected image(s) that are
[15], [16] comparing to the regular moments. statistically significant to the image, and maps the original
image feature vector to an “optimal feature vector” within
which these additional concepts or attributes are integrated

In this section an adaptable information search and retriewegith those high-level semantics from the expert users. This is
system (see Fig. 2) for identification of underwater minean efficient way of specifying the required information because
is introduced where the end results of the search are evatufrees the user from having to think about all the possible
ated by an expert operator. This on-line interaction betweeglevant attributes in the image. Instead, the user deals with

where the radial polynomiaR,...(p) is given by

n—|m|/2

an (P) - Z

sty — sy = Imly — )1

IV. FLEXIBLE NETWORK CLASSIFIER
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Fig. 2. (a) Typical and (b) Adaptable Image Retrieval Systems.

the actual images. The user can also define certain constrathtstraining data is fundamental to good generalization of the
on the retrieved results while imposing relevance feedbadckistem.
For instance, the user may select one image as the mostonsider again the retrieval system shown in Fig. 2(a), when
relevant to be elevated to the first place while maintainiren unknown query (feature vector or an image) is submitted
the other images identified by the previous users and/or tteethe system, the search and retrieval unit uses the previously
search engine as relevant. stored images (documents) to assign a similarity measure or
The breakthrough advantage of the approach is the abilignk r(.) for each of these documents. The quantiti, q),
for the expert users to contribute to the decision-makirigdicates the importance of documedtto query q. One
capability of the system and to enhance the relevancy of thmeasure frequently used in information retrieval systems is the
suggested solutions without the slow and expensive procédst’ product between documedtand queryq, i.e,r(d, q) =
of authoring or modifying the information content within thed’q. If all the stored documents and queries are normalized,
retrieval system directly. In this model, the efficiency of théhis measure takes its maximum value for a document that is
system improves over time as users actively provide relevaridgntical to the submitted query. However, in most practical
information in the context of their needs. It is very importantases, the queries and the documents stored in the system are
to note that the layers in this network are simple linear, easifiifferent, hence the document with the maximum rank for a
trainable, scalable, and amenable for real-life implementatigrarticular query is not necessarily the most relevant one . To
overcome this problem, it is convenient to modify previous
" " i equation by incorporating parameters which can be fine-tuned.
,,,,,,,,,,,,,,,,,,,,, For instance, the rank functior(.) with parameter se§ can

I Retrieval layer

w be defined as follows

| ‘ D
Static weights N “Z+Storage (Sd)tSq
| ! d = - 7
: : ?ueryweighled—term TS( ’ q) ||Sd|| ||Sq|| ( )
| 7 | layer R . . .
Adjustable | S N This implies that both the documents and applied query are
weights W mapped using matri% to yield desired ranking. Additionally,
‘ o cee Feature layer we can Wl’lte
T ! T
l 4t q
q, q, q, d, = Sfs.—— 8
i s = 5a S sq ©
Fig. 3. Proposed Three-Layer Query Mapping an Retrieval System. _ dt W q (9)
VArtwd  /qtWq

The latter implementation of this ranking scheme is incor-
porated in the network in Fig. 3. The normalized query image

The training process of the system starts by splitting thg = q/+1/q*Wq is first presented to the input layer and then
training data into two sets: one set is used for setting up theapped in another layer via a linear transformat®n= S*S
connectionsD of the retrieval layer, and the other, called th¢hat is symmetric and positive definite. This mapped query is
validation set, serves to adjust the parameMfsof the first then applied to the retrieval layer with normalized weights
layer (Feature mapping layer). Even though the retrieval lay#at are the stored document§= d/vd*Wd embedded in
is static layer, the selection of the 'best’ subset of cells fromatrix D. This layer then provides the scores.

V. TRAINING ALGORITHM
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A. In Time Forward-backward Learning Algorithm

In the relevance feedback used in many retrieval syster‘@%‘,/(k)(qi(kﬂ)) = 9(Luser(ai), Lwr (@i (k+1))),1 <i < N
it is customary to modify the original query when the list (12)
of documents and their ranks are not the desired ones. Tmﬁresents the satisfaction level of the user at stage1
method is called query expansion. Rocchio’s formula [17] Esing the old parameter matrW (k) (those parameters that
commo_nly use_d i_n many text-oriented search engines for quegy system had at stag® and the predicted queny; (k + 1)
expansion. This is given by using for instance Rocchio’s formula.
Assuming that the predicted query delivers a better list of

d; d; documents/ranks, we can write

qt+1)=qt)+a IR

_ _ _ Ewy (@i (k+1)) < Ewry(ai)
where q(¢) represents the query applied at timeR is the
set of relevant documents for that quefyR|| represents  Now, the remaining problem is to find the matiWw (k +1)
the cardinality of seR and NR is the set of non-relevant that yields the same desired results with the original qugry
documents. The “optimal” quer§j(t + 1) is the query that, i.e.
when applied to the system at time+ 1, delivers better
results than those delivered by the system at the time whe _ _ 1 N
the original queryq(t) was applied. I Luser(di), Lw (1) (1) 5‘)7V(k)(ql(k +1) 1<i<N

) P—
There could be several drawbacks when this formula is 9(Luser(ai), Lw ) (di(k +1)) (13)

used: First, the lists of relevant and non-relevant doc“me”tsriﬁerefore the in-time forward-backward learning rule is
generally unknown because the user has neither the patiegﬁﬁed at ,solving forW (k + 1) to satisfy (13). This rule

nor the t|_me to identify these set for every submitted quUeny gated next and illustrated through an example in the next
Second, it has been demonstrated that the formula works ;

with some retrieval models such as the binary model [18].

However, its effectiveness in the image retrieval area for anylf it is known that a change of an input variable will produce
arbitrary model hasn't been demonstrated yet. Furthermore,atdbetter output of a system at tinte+ 1, then instead of
capability to transfer what has already been learnt with oebanging the variable at time + 1 adjust the parameters
user to other users is limited since the formula is one-usefr the system itself in such a way that the output will be the
oriented. To alleviate these problems, the forward-backwasdme as that of the modified input variable with the old system
method developed here uses a predicted query to adjust plaeameters.

parameters of the retrieval system.

Let us divide the process of finding the parameters in
consecutive stages. At stage when queryq is presented,
a retrieval system delivers a set of documents with their
respective scores according to the functibRy)(q) =  Wop(K + 1) = min wks1) 2 |9(Luser (di)s Lw (k1) (i)
f(W(k),q), where W (k) is the set of parameter at stage —9(Luser(di); Lw ) (di(k + 1))

k. Here, each query vectey is in the set of training queries (14)
Q ={qi,q9s,.-.,4q;,...,qx}. This set is known and remains The process of finding the parameters at stagel is best
unchanged regardless of the stage. illustrated in Fig. 4. At stagé, based on the list of documents

Now, assume that at stagewhen queryq; is submitted, delivered by the system when quety is submitted, a user
a user compares the list he/she already expkgts,(.) with forms a new predicted queky; with the hope that this query
the list of documents delivered by the systérw(k)(.) and will deliver a better list of documents at stage- 1. At stage
assigns a satisfaction measure to the latter list accordingkte- 1 the goal is to change the parameters in a fashion that
some positive stochastic functig.) the output for the initial queryy; with these modified set of

parameters will be the same as that of the predicted giery
using the old paramete®/ (k).
Ew k) (di) = 9(Luser (di), Lw (k) (i) 1<+<N There are basically three steps for the formulation of the al-
(11) gorithm. The first step involves the definition of an appropriate
where&w (r)(q:) gives the user satisfaction measure for arror function. The second step entails finding the predicted
system with parameterSV (k) when queryq; is applied. In query that reduces the error function. And the last step uses
this formula a value equals zero means that the user is tottis predicted query to find the modified parameters of the
satisfied with the list of documents delivered by the systemetrieval system. The first task is difficult since, except for the
Now, we know that for cases in which the user is not satisfieer who submits a query, no one else knows exactly what the
the application of a predicted quedyin (10) at stageX+ 1) user wants. Two assumptions are made to define an appropriate
leads to a better level of user’s satisfaction. Thus, error function. These are:

tV\%sing (13), the search foW (k + 1) can also be formulated
as a minimization problem
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Fig. 4. Adaptable model for the in time forward-backward algorithm

ISdk||

3 d;
d;ex [ISd;ll
K

a=q — Ax (20)

Rewritten (20) in terms of the normalized document vectors

yields
_ d/R‘|

Note the resemblance of this equation with Rocchio’s for-
mula (10) using the normalized query and document vectors,

ZdJEX d/j

= (21)

d=q’—A*[

1) From the list of documents delivered by the retrievailso note that the normalized vectors depend on the parameter
system for a particular query a user singles out only Matrix W (k).

one document, e.gly.

Finally, the last step of our formulation involves the use of

2) All the documents with scores greater or equal to iffge predicted query and the error fgnction. To this end, it is
score ofd are considered non-relevant, therefore theftetter to reformulate the error function (17) as

scores should be less than thatdyf.

Based on the these assumptions, there exist many different

ways to define an error functiof(.)! suitable for the retrieval

system shown in Fig. 3. Using (8), one possible choice is as

follows
> d,ey rs(dj,q)
J(S,q) = ZHE = —rg(dr,a)  (15)
(8d))"
_ | ZaeTsdr _ (Sdp)'| | (Sq) (16)
K [Sdrll | [Sdll

wherey is the set of non-relevant documents definedyby
{dj|rs(d;,q) > rs(dr,q)} and K is its cardinality.

Now, using the normalized query vectqf = q/||Sq|| the
error function can be rewritten as follows

(Sdg)*
ISdg|

- *(Sq')  (17)

The gradient of this function with respect &g is found to
be

Sd;

1Sd;ll

Zdj €X
K

_ Sdg
ISdz|

Vg =S'* (18)

Using this gradient result, the second step, as mentioned Cholesky algorithm [19]

Zd € (9 (d )t
iSX /d;'"Wd; R
J(W7ql) = K - \/m * (Wq/)
(22)

Now, the use ofJ(.) as the error function in (13) leads to

J(W(k+1),q) = J(W(k),q) (23)

When the step size\ is close to zero, it is logical to
assume that the change in the quantity in brackets in (22)
is insignificant. Therefore from (23) the learning rule can be
stated as follows

Wk +1)q' (k) = W(k)q(k) (24)

When this equation holds for all queries in the set of training
queriesQ = [q’,d'5...d" 7] with their corresponding predicted
queriesQ = [@1G2..-Qn], it is easy to arrive at the updating
equation

W(k+1) = W(k)QQ'(QQ")™ (25)

Remarks:
(1) The updated matrbW (k + 1) in (25) could be non-
positive definite, therefore a method must be applied to

find its 'closest’ positive definite matrix and then assign
this matrix to W (k + 1). Such method is the modified

before, involves finding the predicted quethat reduces the (2) To avoid the vanishing of the error function (17)%&s—

error functionJ(.) as expressed in (17). This is done using

d=q — XH=xVJg (19)

where H is a positive definite matrix and is the step size
that is a small but positive scalar.

This learning rule can be simplified by choosidy =
(S'S)~!. Now, using (18) andd = (S'S)~!, (19) can be
rewritten as

IHere, J(.) plays the same role &.) in (11)

0 it is convenient to normalize the mat®W (k + 1) by
setting||W(k + 1)|| = 1.

VI. RESULTS ANDDISCUSSIONS

In this paper, all the STIL images acquired from CSS
are used for target identification. Five different classes of
objects are identified in this database. These are: man-made
circular target (class 1), circular target (class 2) , man-made-
rectangular-shape target (class 3) , rectangular-shape target
(class 4), and bullet-shape target (class 5) . There were plenty
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TABLE I

(48) of class 1 objects in the database, and hence all those
CONFUSIONMATRIX OF THE FLEXIBLE THREE-LAYER NETWORK.

images are used for training and testing of the classifiers. For

the other four types of objects, since the number of images Type 1| Type 2 [ Type 3| Type 4| Type 5 |
was not enough both the original and synthetically distorted Typel | 100% ;
silhouettes are used. The numbers of actual and synthetically | 1YP€2 100%
. : _ X ) Type3 4%[1] | 88% | 8%[2]
distorted silhouettes for each object type are given in Table [—=pez 100%
1 below. For each type of objects, 24 silhouettes are selected | Type5 100%

for training while the rest are used for testing. Note that the
binary silhouettes are obtained using the procedure given in

Section 1. (Also see [[20]]) (rectangular shape target) since they have very similar shape.

The misclassification of the class 3 object, as shown in Fig.
(5.a), as class 2 (see Fig._f§) can also be explained as we

have only used the contrast map. Clearly, the inclusion of
high quality rendered range maps can significantly improve

TABLE |
NUMBER OF ACTUAL AND SYNTHETICALLY GENERATED CASES FOR EACH
TYPE OBJECT

# of Actual | # of Distorted the overall performance.
Type 1 48 0
Type 2 11 37
Type 3 10 38
Type 4 17 31
Type 5 11 37

In this study the seventh order Zernike moments are used to
generate the feature vector of dimension 18x1 for each object.
However, owing to the fact that different type objects may have
similar shape-dependent features, additional features based on
the gray level of the contrast were also used. To this end, the
mean and the standard deviation of each contrast image was
included into the feature vector, leaving the total number of
features at 20.

The classifier was a three-layer network. Different number
of cells in the retrieval layer were tried. The network with
the best performance had 20 inputs, 21 cells in the feature
mapping layer (The last cell was used to provide a bias and
had a value equal one), and 120 five output cells corresponding
to the five classes (24 cells assigned to each class). A learning
step size of\ = .01 was used during the training phase. Two
schemes for selecting the best set of cells for the retrieval
layer were tested and compared. For the first scheme, the
training and testing sets were selected randomly from the set
of 48 images, 24 different cases in each set. Meanwhile for
the second scheme the document feature vector close to the
centroid of each class was selected as the representaive of the
class. It was noticed that the first scheme gave better results
than the second one.

Not all the trained networks gave 100% correct classification
on the training data, hence only those that achieved 100%
were considered. Since the validation set was also used for
training, the network that was trained in fewer epochs was
chosen. The confusion matrix for the best three-layer network
is given in Table 2. The numbers in the bracket are the number
of misclassified cases for each object. As can be seen, allf&'}
misclassifications ocurred for class 3 cases.

Figure (5) shows the cases from class 3 (left column)
that were incorrectly classified as samples of classes 2 or 4 VIl. CONCLUSIONS AND FUTURE WORK

(right column). It seems possible that a class 3 (man made

trapezoidal shape non-target) can be mistaken by a class Jhe network_ classifier gave goqd results even though all
the cells used in the model were linear. For the best network

(a) Class 3 (b) Class 2

(c) Class 3 (d) Class 4

(e) Class 3 (f) Class 4

5. Class 3 objects (Left column) misclassified as objects shown in the
column.
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only three samples were misclassified. However, it cou

Igi)

be possible to reduce the number of misclassified objects
even further, if a non-linear feature mapping is used. In thi%]
study only the features extracted from the contrast maps are
employed. It is expected that the performance of the systeffl
substantially improves when the range information is alﬁpo]

included.
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