
Volume 12, No. 4

2010



Editorial Policy 
 
 The Australian Journal of Intelligent Information Processing Systems is an interdisciplinary forum for providing the latest 
information on research developments and related activities in the design and implementation of intelligent information 
processing systems. 
 
The areas of interest include, but are not limited to: 
� artificial intelligence 
� artificial neural networks 
� computer science 
� fuzzy systems 
� virtual reality 
 
The journal both theoretical and application-oriented papers in diverse areas related to intelligent systems. The journal also 
publishes survey articles, short notes, Ph.D. thesis abstracts and project reports. 

 
 
 

Editorial Board  
 
Tom Gedeon 
Editor in Chief 
Australian National University, Australia 

Yianni Attikiouzel 
Murdoch University, Australia 

James C. Bezdek 
University of Western Florida, USA 

Tony Constantinides 
Imperial College of Science, Technology and 
Medicine, U.K. 

Peter Eklund 
University of Wollongong, Australia 
 
 
 
 
 
Responsibility of the content of the papers rests upon the authors and not with the publishers. Data and conclusions 
developed by the authors are for information only and are not intended for use without independent substantiating 
investigation on the part of the potential user. 
 
The Australian Journal of Intelligent Information Processing Systems is published quarterly. All correspondence including 
manuscripts and advertising inquiries should be addressed to the Editor in Chief: Professor Tom Gedeon, Faculty of 
Engineering and Information Technology, The Australian National University, Canberra ACT 0200, Australia. 
 
Abstracting is permitted with due credit to the Australian Journal of Intelligent Information Processing Systems. 
 
Subscriptions:         
Individual rate: A$80. 
Institutional rate: A$220 for paper or online

1
 subscription.  

 
Individual copies can be purchased at A$15 per single copy. 
 
Reprints of technical articles are available, quantities no less than 50 can be ordered. Orders should be addressed to: 
AJIIPS, Faculty of Engineering and Information Technology, The Australian National University, Canberra ACT 0200, 
Australia. Email address: ajiips@cs.anu.edu.au. 

                                                 
1
 Online subscription gives additional access to back issues without any fee. 

Nikola Kasabov 
Auckland University of Technology, New 
Zealand 

László Kóczy 
Budapest University of  Technology & 
Economics, Hungary 

Takeshi Furuhashi 
Nagoya University, Japan 

Marimuthu Palaniswami 
University of Melbourne, Australia 

M. V. Srinivasan 
University of Queensland, Australia 

A. Venetsanopoulos 
University of Toronto, Canada 



Australian Journal of Intelligent Information Processing Systems 
 

Volume 12, No. 4 

ISSN:  1321-2133   2010 

 
 

MACHINE LEARNING APPLICATIONS  

PART II 
 

 

CONTENTS 

 
A Multi-Layer Hybrid Particle Swarm Optimization Model for Flow Shop Scheduling Problem 

Xue-Feng Zhang, Bin Tong, Miyuki Koshimura, Hiroshi Fujita, Ryuzo Hasegawa............................1 

 

Ensemble Separable Recurs ive Techniques for MLP Networks 

Vijanth S. Asirvadam and Sean F. McLoone........................................................................................7 

 

Personalized Modeling based Gene Selection for acute GvHD Gene Expression Data Analysis: a 

Computational Framework Proposed 

Maurizio Fiasché, Maria Cuzzola, Pasquale Iacopino, Nik Kasabov, Francesco C. Morabito........13 

 

Teacher-directed learning in view-independent face detection with mixture of experts using Cortex-

Like Features 

Zeinab Farhoudi, Soheil Faridi, Reza Ebrahimpour, Saeed Setayeshi..............................................19 

 

Expression Invariant Face Recognition Using Biologically Inspired Features from Visual Cortex 

Mechanism 

Afra Vahidi Shams, Soheil Faridi, Seyed-Mahdi Khaligh Razavi, Reza Ebrahimpour, and Mehrdad 

Javadi..................................................................................................................................................25 

 

Semantic SLAM Model for Autonomous Mobile Robots using Content Based Image Retrieval 

Techniques: A Performance Analysis 

Choon Ling Tan, Simon Egerton and Velappa Ganapathy.................................................................30 

 

Real-Time Road Sign Recognition 

Yok-Yen Nguwi, Teik-Toe Teoh, Insu Song, Siu-Yeung Cho...............................................................36 

 

Analyzing differences between Gabor functions and ICA Filters learned from natural scenes 

André Cavalcante, Fausto Lucena, Allan Kardec Barros, Yoshinori Takeuchi, and Noboru 

Ohnishi................................................................................................................................................41 

 

Identification of abnormality from Endoscopic Color Images using Normalized cuts 

Ravindra S. Hegadi.............................................................................................................................46 
 
 
 

This is a refereed journal. 

Abstracted by INSPEC. 

 

Publication Date November 2010 



A Multi-Layer Hybrid Particle Swarm Optimization Model for Flow Shop
Scheduling Problem

Xue-Feng Zhang1, Bin Tong2, Miyuki Koshimura1,
Hiroshi Fujita1, Ryuzo Hasegawa1

1 Graduate School of Information Science and Electrical Engineering,
Kyushu University, Fukuoka, Japan

2 Graduate School of Systems Life Sciences, Kyushu University, Fukuoka, Japan
{xuefeng,koshi,fujita,hasegawa}@ar.is.kyushu-u.ac.jp

{bintong}@i.kyushu-u.ac.jp

Abstract. It is well-known that the Flow-Shop Scheduling Problem (FSSP) is a combinatorial optimization problem
that is also regarded as a NP-complete problem. The objective of the problem is to find an appropriate sequence to
minimize the makespan, which is defined as the time for completing a final operation. One major challenging issue is
how to obtain the high-quality global optimum. In order to refrain from the premature convergence and being easily
trapped into local optimum, we are motivated to find high-quality solutions in a reasonable computation time by ex-
ploiting Particle Swarm Optimization (PSO). We propose a new multi-layer HPSO model, and derive two algorithms
HPTS and IHPTS as its extension. Extensive experiments on different scale benchmarks validate the effectiveness of
our approaches, compared with other well-established methods. The experimental results show that new upper bounds
of the unsolved problems are achieved in a relatively reasonable time. For example, in 30 benchmarks, 7 new upper
bounds and 18 new upper bounds are obtained by the HPTS algorithm and the IHPTS algorithm, respectively.

Key words: Flow-shop scheduling problem, Particle swarm optimization, Tabu search, Simulated annealing

1 Introduction

The Flow-Shop Scheduling Problem (FSSP) frequently arises in industrial processes, manufacturing systems, produc-
tion echelon lines and many other fields. Many different heuristic methods have been developed [1] to handle the FSSP
problem. Over the past decades, FSSP has attracted many outsanding researches, efforts have been devoted to finding
high-quality solutions in a reasonable computation time by heuristc optimization techniques. The traditional methods in-
clude Taillard’s tabu search method (TS) [2], Ogbu and Smith’s simulated annealing algorithm (SA) [3], Reeves’s genetic
algorithm (GA) [4], Adams, Balas and Zawack’s shifting bottleneck procedure (SB) [5] and Eberhart’s particle swarm
optimization algorithm (PSO) [6]. In recent years, most studies indicate that a single technique cannot solve this stubborn
problem. Since hybrid methods can provide high-quality solutions within reasonable computing times [7], a variety of
works have been done on hybrid methods including several techniques, such as GA, TS, SA and SB, etc. A compre-
hensive survey of hybrid methods on scheduling techniques can be seen in [8] [9]. In addition, the research on the PSO
algorithm is one of current hot topics. It combines the local search and the global search together, such that it is able to
achieve a high search efficiency. In particular, a variety of variants of the PSO algorithm, such as NPSO [7], CDPSO [10],
ATPPSO [11], HPSO [12], IPSO [13], GPSO [14], PSO* [15], have been invented to solve FSSP.

In this paper, we are motivated to obtain high-quality solutions in a reasonable computation time by exploiting the
PSO technique. We propose a new multi-layer HPSO model, and derive two algorithms HPTS (Hybrid of PSO, TS and
SA) [16] and IHPTS as its extension. Extensive experiments on different scale benchmarks validate the effectiveness of
our approaches, compared with other well-established methods. The experimental results show that new upper bounds of
the unsolved problems are achieved in a relatively reasonable time.

The paper is organized as follows. Section 2 discusses and analyzes the HPTS and improved HPTS algorithms. Sec-
tion 3 gives experimental results of HPTS and IHPTS algorithms and other competitive approaches. Finally, the main
conclusions and future works are drawn.

2 Proposed Framework

2.1 The Optimization Strategy of HPTS

In the HPTS, three different operations are defined: PSO operation, TS operation and SA operation. PSO combines local
search (by self-experience) with global search (by neighboring experience), achieving a high search efficiency. TS uses a
memory function to avoid being trapped at a local minimum. It has emerged as an effective algorithmic approach for the
FSSP. This method can also be referred to as calculation of the horizontal direction. SA employs certain probability to
avoid being trapped in a local optimum and the search process can be controlled by the cooling schedule (also known as
calculation of vertical direction). The groups use a random initialization, which generates initial particle’s initial position
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and velocity in the search space. Each particle’s best position is set to the current location. The current position of the
corresponding fitness value is calculated for each particle, according to the evolutionary structure. The hybrid HPTS
framework can be converted to the traditional PSO that provides initial solution for TS and SA during the hybrid search
process. Such hybrid HPTS strategy retains the advantages of TS and SA, which provides a promising methodology to
solve FSSP. In addition, HPTS can be applied to many combinatorial optimization problems by simple modification. The
description of HPTS is shown in algorithm 1 and algorithm 2.

Algorithm 1 PSO
1: while the maximum of generation is not met do
2: Generation++;
3: Generate next swarm;
4: Find a new local optimum (gbest) and a global optimum (pbest);
5: Update gbest and pbest;
6: end while

Algorithm 2 TS (SA)
1: Set iteration iter = iter + 1, generate neighbors of the current solution s∗ by a neighborhood structure. If the s∗ is optimal, then

stop;
2: Select the best neighbor which is not tabu or satisfies the aspiration criterion, and store it as the new current solution s∗, update the

tabu list;
3: for gbest particle s of swarm do
4: Tempreture Tk = T0;
5: while Tk ≥ Tend do
6: Generate a neiborhood solution s∗ from s by pair-exchange method;
7: Compute the fitness of s∗;
8: Evaluate s∗, ∆ = f(s*)-f(s);
9: if min[1,exp(-∆/Tk)] < random[0,1] then

10: Accept s∗;
11: Update the best solution found so far if possible;
12: end if
13: end while
14: Tk= B * Tk−1 (weight value parameters are included in B);
15: end for
16: If iter ≤ improveiter then go to loop;
17: If a termination criterion is satisfied then stop. otherwise ’pop’ a solution on top of the solution stack L, shift the solution to active

schedule and install the active solution as the current solution s*, set iter = 0, and empty tabu list. Go to step 2;

Algorithm 3 GA
1: Generate a random population of n chromosomes, choose an initial pbest population;
2: Evaluate the fitness f(x) of each pbest in the population;
3: while max fitness() < fitnessthreshold() do
4: Select two parent chromosomes from a population according to their fitness (the better fitness, the bigger chance to be selected);
5: With a crossover probability cross over the parents to form a new offspring (children).
6: With a mutation probability mutate new offspring at each locus (position in chromosome);
7: Place a new offspring in a new population, update population;
8: end while
9: Return best fitness

10: Find a new gbest and a pbest;
11: Update gbest of the swarm and pbest of each particle;

2.2 The improved HPTS algorithm

As a result of some advantages of GA, it can quickly scan a vast solution set. Bad proposals do not affect the end solution
negatively as they are simply discarded. The inductive nature of GA means that it doesn’t have to know any rules of the
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problem, it works by its own internal rules. This is very useful for complex or loosely defined problems. More importantly,
the parallel nature of its stochastic search is one of the main strengths of the genetic approach, and GA has drawbacks
too, of course. Therefore, based on the HPTS algorithm, an improved HPTS algorithm called IHPTS is proposed, which
will enhance the particle swarm computing performance by GA operation. In each generation of individuals, the fitness of
every individual in the population is evaluated. Multiple individuals are stochastically selected from the current population
(based on their fitness), and modified (recombined and possibly randomly mutated) to form a new population. The new
population is then used in the next iteration of the algorithm.

Therefore, the mutation operator of GA is introduced to the HPTS algorithm. Mutation is a way of enlarging the
search space and acts to prevent the crossover used above from focusing on a narrow area of the search space or from the
algorithm getting stuck in a local optimum about mutation operator. Moreover, it works randomly on changing individual
gene, introducing new individual form, and increasing a new searching space. Algorithm 3 shows the description of
improved HPTS algorithm.

Table 1. The results of the benchmark.

Number PS(Js*Ms) FSSP WK Number PS(Js*Ms) FSSP WK
1 20*5 ta001 1278 16 50*20 ta051 3875
2 20*5 ta005 1236 17 50*20 ta055 3635
3 20*5 ta010 1108 18 50*20 ta060 3777
4 20*10 ta011 1582 19 100*5 ta061 5493
5 20*10 ta015 1419 20 100*5 ta065 5250
6 20*10 ta020 1591 21 100*5 ta070 5328
7 20*20 ta021 2297 22 100*10 ta071 5770
8 20*20 ta025 2291 23 100*10 ta075 5468
9 20*20 ta030 2178 24 100*10 ta080 5845
10 50*5 ta031 2724 25 100*20 ta081 6286
11 50*5 ta035 2863 26 100*20 ta085 6377
12 50*5 ta040 2782 27 100*20 ta090 6465
13 50*10 ta041 3025 28 200*10 ta091 10868
14 50*10 ta045 2986 29 200*10 ta095 10524
15 50*10 ta050 3091 30 200*10 ta100 10676

3 Experimental results

This section reports some experimental results for showing a performance comparison between the two algorithms. The
experiments are carried out on a platform with 2.27 GHz Intel(R) Core(TM)2 Duo CPU, RAM 4GB. The benchmarks
used are some relatively large instances that are commonly used for testing. 30 instances of 10 different sizes taken from
Taillard’s benchmark (Taillard, 1990) have been selected for simulation experiments. The effect of swarm activity strategy
on the performance of HPTS and IHPTS algorithms and the new multi-layer hybrid particle swarm optimization model
are firstly discussed. Note that the comprehensive experimental evaluations and comparisons of the proposed algorithms
with NPSO and GA are given in [11].

Table 2 shows the experimental results of different benchmark instances described in Table 1. PS denotes the prob-
lem’s size with the number of jobs (Js) times the number of machines (Ms), WK represents the well-known optimal
solutions in the benchmark. In Table 2, we list the experimental results of NPSO, GA, HPTS and IHPTS for the same
30 problems, where Min, Max and Avg represent the best solution, the worst solution, and the average solution over
10 times. Furthermore, we set some algorithm’s parameters, for example, the population size is 100, and the number of
iterations is 400. Original represents the some results equal to WK. New indicates the best solutions better than WK.
Bad means the bad results worse than WK. The detailed comparison of experimental results are shown in Fig.2. In Fig.1,
these parameters satisfy the following conditions: DIF −HPTS = HPTS - WK; DIF −NPSO = NPSO - WK;
DIF −GA = GA - WK; BASELINE = WK - WK;

Fig.1 shows the comparison of four different algorithms for 30 representative instances. The four lines represent the
differences among four algorithms on 30 problems. From the experimental results it can be see that different algorithms
can affect the value significantly. We can conclude that the HPTS and IHPTS algorithms outperform the NPSO and GA
algorithms in the total solution quality thoroughly. The two algorithms can find the optimal value in the search space
quickly with smaller population size, which is due to its better local searching ability to get the final optimal solution at
the end of evolution, except for ta041, ta045, ta050, ta051, ta055 and ta060 in HPTS, and ta045, ta081, ta085 and ta090
in IHPTS.

The detailed results of comparison are given in Fig.2. HPTS is capable of achieving competitive results compared to
WK in 20 cases out of 30 instances. That is 67% of experimental results are acceptable. It is worthy of noting that, in
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Table 2. The experimental results.

FSSP NPSO GA HPTS IHPTS
Min Avg Max Min Avg Max Min Avg Max Min Avg Max

ta001 1278/1295.1/1297 1297/1297.0/1297 1278/1278.0/1278 1194/1236.0/1278
ta005 1236/1247.9/1250 1250/1251.2/1258 1212/1229.7/1247 1143/1189.5/1236
ta010 1108/1115.4/1127 1116/1135.6/1161 1101/1107.5/1114 1088/1282.0/1101
ta011 1591/1604.7/1627 1612/1623.7/1645 1582/1585.7/1589 1428/1505.0/1582
ta015 1419/1428.1/1444 1428/1457.4/1478 1411/1415.0/1419 1401/1406.0/1411
ta020 1603/1621.0/1633 1618/1632.8/1654 1573/1582.3/1591 1528/1289.0/1591
ta021 2309/2324.8/2339 2326/2344.8/2375 2297/2297.0/2297 2057/2177.5/2297
ta025 2298/2312.2/2334 2314/2330.6/2351 2218/2255.0/2291 2152/2235.0/2218
ta030 2183/2215.1/2244 2212/2237.5/2282 2100/2139.0/2178 2000/2050.0/2100
ta031 2724/2729.5/2742 2729/2739.6/2752 2665/2694.5/2724 2704/2714.0/2724
ta035 2864/2864.0/2864 2887/2916.3/2947 2863/2863.0/2863 2721/2792.0/2863
ta040 2782/2783.2/2786 2784/2815.7/2832 2782/2782.5/2783 2702/2742.0/2782
ta041 3063/3098.6/3138 3146/3186.7/3227 3309/2724.0/3366 2988/3012.7/3025
ta045 3040/3078.7/3129 3103/3168.4/3194 3129/3221.0/3311 3031/3079.6/3116
ta050 3151/3171.7/3204 3189/3225.5/3280 3166/3170.0/3174 3091/3091.0/3091
ta051 3958/3991.5/4011 4066/4105.3/4141 4011/4143.5/4276 3875/3895.5/3916
ta055 3740/3773.7/3812 3863/3915.9/3975 3721/3803.5/3886 3635/3678.0/3721
ta060 3881/3959.8/4034 3971/4008.6/4093 3789/3895.0/4001 3777/3800.0/3823
ta061 5493/5494.0/5495 5514/5524.5/5541 5507/5509.8/5512 5376/5434.5/5493
ta065 5253/5256.8/5267 5258/5302.5/5336 5251/5252.0/5253 5220/5235.0/5250
ta070 5342/5345.8/5368 5342/5372.3/5403 5342/5342.0/5342 5304/5316.0/5328
ta071 5812/5842.8/5869 5961/6027.2/6095 5936/6080.5/6225 5770/5845.0/5920
ta075 5518/5578.4/5636 5674/5769.2/5850 5477/5497.5/5518 5468/5519.0/5571
ta080 5903/5914.5/5962 5953/6056.3/6106 5881/5892.0/5903 5691/5768.0/5845
ta081 6470/6544.4/6615 6669/6763.9/6843 6596/6834.0/7072 6588/6632.0/6676
ta085 6595/6653.6/6723 6732/6816.3/6898 6588/6731.0/6874 6536/6606.0/6676
ta090 6633/6723.3/6821 6820/6910.3/6979 6576/6824.0/7072 6631/6636.0/6643
ta091 10950/10978.9/11005 11070/11112.1/11168 10889/11017.0/11145 10711/10789.5/10868
ta095 10575/10664.0/10764 10851/10917.7/11029 10662/10721.5/10781 10524/10634.5/10745
ta100 10748/10796.9/10850 10945/11025.6/11101 10698/10735.5/10773 10676/10692.5/10709
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Fig. 1. The comparison of four different algorithms.

the 67% portion, the results for 7 instances, i.e. ta005, ta010, ta015, ta020, ta025, ta030 and ta031, are much better than
those of WK. It demonstrates the HPTS algorithm has a powerful exploring ability. In contrast to HPTS, IHPTS found
the well-known optimal solutions of the benchmark in 26 instances (87%). The 18 instances (60%) of experimental results
are better than WK, which demonstrates that IHPTS algorithm possess more powerful global search ability than HPTS
algorithm except for ta045, ta081, ta085 and ta090.
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Fig. 2. The detailed result of comparison (HPTS and IHPTS).

4 Conclusions and Future Works

There is no argument that the most important feature of FSSP is its efficiency. Therefore, the majority of the research work
done in the FSSP community is about achieving global optimum. This thesis describes how to improve the efficiency
by careful analysis and implementation of HPTS and IHPTS algorithms. Some of the results obtained are: the HPTS
and IHPTS algorithms can significantly improve the efficiency of overall global optimum performance of FSSP; our
algorithms outperform the NPSO and GA algorithms in some solution quality thoroughly; new upper bounds of the
unsolved problems are achieved in a relatively reasonable time. For example, in 30 benchmarks, 7 new upper bounds and
18 new upper bounds are obtained by the HPTS algorithm and the IHPTS algorithm, respectively; in addition, we have
proposed a new multi-layer hybrid particle swarm optimization model for FSSP, which brings the new research direction
and inspiration for the hybrid algorithm.

For the future work, there are still many problems that are not well solved about the HPTS and IHPTS algorithms.
For instance, currently the decision strategy of hybrid algorithm design is still an art instead of a science. It is very hard
to explain why a certain decision strategy works better than other approaches. It is still not well understood why some
heuristic algorithms work with some classes of instances but not others. There are other potentially useful features in the
HPTS and IHPTS algorithms. We plan to apply parallel and distributed computing to solve other NP problems. Applying
the HPTS and IHPTS algorithms to other NP problems would also be promising.

Acknowledgments. This paper is supported by the research fund KAKENHI (20240003, 21300054), Xue-Feng Zhang
and Bin Tong are sponsored by the China Scholarship Council (CSC).
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Abstract. Ensemble of hybrid recursive training strategies (or also known as separable learning) are derived for the
training of neural networks particularly for MLP networks.  This new technique takes the best of hybrid learning
by bi-partition weights update to nonlinear recursive training for the optimization of nonlinear weights and training
of linear weights in one routine. The proposed ensemble of hybrid weight update takes two form of separable
training mechanisms and select the best (binary selection) to update the MLP networks weights.   The simulation
results on chaotic time series show the ensemble technique approach show slight advantage compared to  the two
hybrid variants.  

Keyword. Recursive Prediction Error, Multilayer Perceptron (MLP), Adaptive Learning, System Identification

1 Introduction

The training for neural networks (e.g. MLP networks) can be considered as an optimization problem where the objective
is to minimize cost function, such as the sum-squared error (SSE), with respect to the network parameter (w). The training
strategy employed then depends on whether the sum squared error is minimized with respect to all the weights using full
nonlinear optimization or by using separable approach in which the nonlinear optimization is applied to nonlinear weights
and the linear optimization is applied to the single output neuron which is linear-in-parameter[9]. It is shown in batch
neural network learning procedures that a better minimization in training curve obtained by dividing the optimization
problem respect to the nature of the weights[6][9]. In the case of recursive learning techniques for MLP network it is
reported in the literature separable schemes show better performance compared to those non-separable approaches in
system identification applications[10][2].
Recently the author of the paper proposed a switching form separable learning technique[3] which discriminate nonlinear
weight updates when the subsequent input pattern is correlated. This paper proposed a ensemble of dual separable
recurisve training techniques for nonlinear systems, as the present author attempted similar approach on partial- linear
networks using RBF networks recently[1].
Organization of the paper is as follows, section 2 explains briefly on learning algorithms for neural networks.   Section 3
outlines different types of separable recursive or instantaneous training for MLP-network and the ensemble form which
is proposed in this paper. Section 4 presents simulation results using dynamic chaotic time-series problem to depict
robustness of proposed ensemble separable recursive training schemes and finally section 5 gives concludes the discussion
of the paper. 

2 LEARNING NONLINEAR SYSTEM

When batch of data  is available then the near optimal weight w* vector may then be obtained by minimizing
the cost function. This form of minimization known as prediction error estimation[7] is attained by continuous iteration
of weight update procedure given by

(1)

where  and s(wt) is the learning rate and search direction for the tth iteration set as the negative gradient of the cost
function, E(w). 

   where (2)
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The backpropagation algorithm (steepest descent), normally yields poor convergence rate. A second order properties in
form of matrix, P(wt) - approximation of the inverse of the Hessian matrix, H(wt), added to the gradient direction to
improve the search direction, s(wt). The popular second order approximation of inverse Hessian is known as Gauss-
Newton method which is given as 

 where (3)

2.1 Recursive {online} Training
The recursive training of MLP-network is based on minimization of cost (error) function, E(w), by accumulating
information given by successive presentation of the training data on-line. Based on single data point available at each tth
sample instant, the recursive estimate of E(w) is derived as

 (4)

The on-line or stochastic backpropagation (SBP) algorithm, a first order estimate, performs weight update, w, as

(5)

where  is the learning rate which can be a constant or time varying value. The disadvantage of SBP is that it shows slow
convergence similar BBP but SBP training form the basis for second order recursive training algorithm which will be next. 

2.2 Recursive Prediction Error - Second Order Approximation
The second order algorithms for recursive prediction error (RPE) method are well investigated for network with linear-in-
weight[5][7]. The time varying nonlinear system can also be identified by linearizing the network output yt about the
weight wt [5], 

(6)

 where  is the nonlinear function or MLP network. The Hessian matrix for tth training vector, can be derived in
recursive form as

(7)

(8)

where  is the forgetting factor which is usually set to the value between .  The inverse of H is
computationally intensive to compute direct recursively, thus matrix inversion lemma [7] normally used to calculate the
matrix (P = R-1) directly as

(9)

  (10)

3 Hybrid Training

The hybrid or separable form of recursive training techniques are formed by separating the training into two categories
based on the nature of the neuron (nonlinear/linear) in the neural networks. One is to optimize the nonlinear weight using
recursive nonlinear training, described in the earlier section. The second is to implement recursive linear square (RLS)
optimization on the output neuron weights (linear-in-parameter). From equation (6), the output gradient, , can be
partition to

(11)
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where r is the output and the bias of the hidden layer of MLP which takes the form 

(12)

The decomposed inverse Hessian, P, or covariance matrix of estimate w is given as

    (13)

where Ni is the number of input to the nonlinear network (MLP) and Nh is the number of nuerons. By decomposition of
 and P matrix based on MLP network layer, which separate the learning to linear/nonlinear parameter, the hybrid

training techniques can be derived.

3.1 Hybrid or Separable Training Approach
The bi-partition form of neural network training methods, which is proposed by the present author[2] and Ngia et al.[10],
does the weight both which are linear and nonlinear-in parameter update simultaneously. The hybrid recursive prediction
error (HRPE) is compose of RPE and RLS algorithms for training of nonlinear and linear weights respectively. The
nonlinear weights update using RPE can be summarized as

 (14)

(15)

                                 (16)

while the linear weights adaptation using RLS is described as 

(17)

   (18)

3.2 Switching Separable Training Approaches
A new form of hybrid training technique recently being proposed by the present author[3] by extending hybrid recursive
training (HRPE) with switching module. The switching mode HRPE (HRPE-sw) update the neural network weights
according to the correlation of the input data.   The correlation of subsequent input vector to the MLP network is give as,

(19)

The correlation index in equation (21) will test the correlation of the input data over each sample instant, hence the MLP
weights update will be based on the following module. 

if  then
update only the linear weights

else
update the both linear AND nonlinear neuron associated weights

end
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3.3 Dual Ensemble Hybrid/Separable Training Approaches

The ensemble hybrid training algorithms (E-HRPE) is proposed in this paper which ensemble both full hybrid training
approach (HRPE) and the switching module (HRPE-sw) describe in the previous section. A binary form of ensemble
separable training being implemented which selects the weights update that yield minimal cost function E(w) at a
particular epoch or sample time, described in procedural code as follows.

if  then

    where   
else

             
 end

      

4 Simulation Results

The separable training approaches are tested using Mackey-Glass chaotic time series which consists of  both correlated
and random data. Fig. 1 show correlation angle (both in radians and degreeo) for Mackey-Glass testcase which consists of
large number redundant subsequent input vector. The correlation treshold,  is to 0.05 radians based on the observations.
The chaotic Mackey-Glass[8] time series defined by the differential delay equation 

   (20)  

and sampled at a rate of one second. A four input, known as nonlinear auto regressive  exgenious input (NARX) in system
identification literature, are chosen as the model structure  for MLP network - equation (20).

4.1  Results Summary and Discussion

The forgetting factor, , for both recursive linear and nonlinear algorithms are set  to 0.999. The initial weights for MLP
are set as 20 set of random weights. The number of hidden neuron for MLP are tested for three sets (5, 10 and 20) and the
simulation results are shown in Tables 1 to 3 and box plots Fig. 2 to Fig. 4 for average of 20 simulation runs. In each cases
the proposed ensemble hybrid technique (EHRPE) show distinct advantage compared to other hybrid forms. 

Table 1: Evaluation for Nh =5

Algorithm %NMSE

Nh = 5 Mean Std.-dev
HRPE 0.1027 0.3868 
HRPE-sw 0.0605 0.1415 
EHRPE 0.0727 0.0706

E wt 1+( )[ ]HRPE E wt 1+( )[ ]HRPE sw–≤{ }

wt 1+ wt Pt[ ]HRPE∇y wt( )ε wt( )+= wt
wt

NL

wt
L

=

wt 1+ wt Pt[ ]HRPE sw– ∇y wt( )ε wt( )+=

Figure 1. The correlation angle (both in radians and degree) for Mackey-Glass problem
(a) (b)
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α

Figure 2. Boxplots depict NMSE -Nh =5
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Fig. 2 to Fig. 4 depict  boxplopt obtained showing the mean of normalized sum of squares error  (NMSE) for 20 intial
weights for MLP with 5,10 and 20  hidden neurons. The column 1: described the performance the complete hybrid update,
2: switchable form and the 3: is the proposed ensemble technique. The proposed ensemble recursive neural-network
training algorithm shows the best results compared to conventional hybrid technique[2][9] and the switchable version[3]
for three different network sizes. The switching form of recursive training edges better compared to full separable form
of update for 20 random simulations which validates the previous results[3].The ensemble not only give good mean value
but also the deviation form the mean are also greatly minimized.  

 

5 Conclusions

 The ensemble form separable recursive least square algorithms for training of feedforward neural network have been
proposed in this work. Two new form of separable learning methods with a switching module, tested on MLP-networks
with a layer of sigmoidal hidden neurons and single linear output neuron, show superior performance measure compared
to conventional hybrid (or separable) training techniques. Future work will look into adoption of separable recursive
training algorithms on dynamic kernel based regression using RBF network[4]. The instantaneous update on RBF

Table 2: Evaluation for Nh =10

Algorithm %NMSE

Nh = 10 Mean Std.-dev
HRPE 0.1710  0.8679 
HRPE-sw 0.1298 0.3494
EHRPE 0.0721 0.0556

Table 3: Evaluation for Nh =20

Algorithm %NMSE

Nh = 20 Mean Std.-dev
HRPE 0.2012 1.0475
HRPE-sw 0.2777 0.7820
EHRPE 0.0824 0.0443

Figure 3. Boxplots depict NMSE - Nh =10

Figure 4. Boxplots depict NMSE- Nh =20

Figure 5.  Prediction of Mackey-Glass Chaotic Time Series with Hybrid Variants

11

Volume 12, No. 4 Australian Journal of Intelligent Information Processing Systems



Gaussian kernel tend to give good generalization due to prior setting of initial weights using unsupervised learning
techniques.  
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Abstract. In this paper a novel gene selection method based on personalized modeling is proposed and is compared 

with classical machine learning techniques  to identify diagnostic gene targets and to use them for a successful 

diagnosis of a medical problem - acute graft-versus-host disease (aGvHD). An analysis using the integrated approach 

of new data with the existing models is evaluated. The aGvHD is the major complication after allogeneic 

haematopoietic stem cell transplantation (HSCT) in which functional immune cells of donor, recognize the recipient 

as "foreign" and mount an immunologic attack. Identifying a compact set of genes from gene expression data is a 

critical step in bioinformatics research. Personalized modeling is a recently introduced technique for constructing 

clinical decision support systems. This is a novel study which utilises both computational and biological evidence and 

the use of a personalized modeling for the analysis of this disease. Directions for further studies are also outlined. 

 Keywords: gene selection, GvHD, machine learning, personalized modeling,  wrapper. 

1   Introduction 

Identifying a compact set of informative genes from microarray data (gene expression data) is critical in the 

construction of an efficient clinical decision support system. The potential applications of microarray technology are 

numerous and include identifying markers for classification, diagnosis, disease outcome prediction, target identification 

and therapeutic responsiveness [1]. Microarray analysis might help to identify unique markers (e.g. a set of gene) of 

clinical importance. Diagnosis and prediction of a biological state/disease is likely to be more accurate by identifying 

clusters of gene expression profiles (GEPs) performed by macroarray analysis. Based on a genetic profile, it is possible 

to set a diagnostic test, so a sample can be taken from a patient, the data related to the sample processed, and a profile 

related to the sample obtained [1]. This profile can be matched against existing gene profiles and based on similarity, it 

can be confirmed with a certain probability the presence or the risk for a disease. We apply this approach here to detect 

acute graft-versus-host disease (aGvHD) in allogeneic hematopoietic stem cell transplantation (HSCT), a curative 

therapy for several malignant and non malignant disorders. Acute GvHD remains the major complication and the 

principal cause of mortality and morbility following HSCT [2]. At present, the diagnosis of aGvHD is merely based on 

clinical criteria and may be confirmed by biopsy of one of the 3 target organs (skin, gastrointestinal tract, or liver) [3]. 

The severity of aGvHD is graded clinically from I to IV using a standardized system, with increased mortality rates 

associated with significant aGvHD (grades II-IV) [4]. There is no definitive diagnostic blood test for aGvHD, although 

a lot of blood proteins have been described as potential biomarkers in small studies [5]. A recent report indicates a 

preliminary molecular signature of aGvHD in allogeneic HSCT patients [6].  

     In the current project, our primary objective was to validate a novel and not invasive method to confirm the 

diagnosis of aGvHD in HSCT patients at onset of clinical symptoms. In medical area, personalized modeling has 

significant potential to benefit the patients who need tailored treatment, such as cancer diagnosis and drug response. The 

main idea of personalized modeling is to create a model for each objective sample, which is able to discover the most 

important information specifically for this sample. Since personalized modeling focuses on the individual sample rather 

than simply on the global problem space, it can be more appropriate to build clinical decision support systems for new 

patients. Previous work has reported that using personalized modeling can achieve better classification results than the 

results from global modeling [7]. This study used a Personalized Modeling based Gene Selection method (PMGS) 

proposed in [8] for macroarray data analysis integrating new data with the existing models [1].  The organization of the 

rest of this paper is as follows: section 2 gives an overview about gene selection methods describing the PMGS 

algorithm and personalized modelling; section 3 describes results about the experiments conducted with the integrated 

approach for new data samples; section 4 gives conclusions inferred with some possible future applications. 
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2   Gene Selection Methods and Personalized Modeling 

Many attempts have been made to identify which genes are most important for  diagnosing different diseases (e.g. 

cancer diagnosis) and prognosis task using microarray and macroarray technology. Generally, most developed gene 

selection methods can be categorized into two groups, filter and wrapper methods. The measuring criterion in filter gene 

selection methods is created by measuring the intrinsic characteristic of genes. Many simple gene  selection methods 

come from filter methods in which statistical algorithms and models are used, such as t-test, Fisher’s linear 

discriminate, principal component analysis(PCA), Correlation-based Feature Selection algorithm(CFS). Filter gene 

selection methods find the informative genes very fast, since the evaluation solely relies on the genes and is independent 

to any other particular learning algorithm. Wrapper gene selection methods incorporate a learning model (usually a 

classification model) convolved with the target to find the minimized generalization error. The learning model 

evaluating the importance of genes is learnt and optimized during the gene selection process. The performance from 

wrapper methods is usually superior to that from filter methods, because the result comes from the optimized 

classification model. A standard wrapper gene selection method can be summarized as follows: 

For a given training dataset D = {xij, yi} | x ∈ X, y ∈ Y, i = 1. . .n, j = 1. . .m, pertaining to a pattern recognition task. xij 

and yi denote the jth gene’s value of sample i and the class label of sample i, respectively. The optimized gene selection 

method including a classifier and a subset of genes are able to maximize the prediction accuracy, i.e. obtain the 

maximum correctness of the mapping from input set X to output set Y . Thus, a typical wrapper gene selection method is 

formulated in the following way to minimize the expected risk:  

Λ(fσ)= ∫ λ(y, fσ (σ∙ x))dP(x, y)  (1) 

where Λ is the expected risk, λ is a loss function, fσ is a family of learning functions (e.g. a classifier or regression 

model), P is an evaluating function on the training data x, and σ denotes a vector indicating whether the gene i (i = 1. . 

.n) is selected or not. Wrapper gene selection methods can generally yield high classification accuracy using a particular 

classifier with an expensive computational cost. In wrapper method, the gene selection process is heavily dependent on 

a search engine, a search area (data), and an evaluation criterion for optimizing the learning model [9]. We have found 

in our previous microarray data experiments [10] that the global modeling cannot provide precise and sufficient 

information for a new coming data vector under different circumstances, and also the selected subset of genes are not 

promising to be the biomarker genes. More importantly, it is difficult to incorporate previous developed models or 

existed knowledge into global modeling. For a new data sample, the whole (global) problem space usually contains 

much noise information that prevents the learning algorithm working properly on it, though the information may be 

useful for the global modeling. The noise information in the global problem space should be excluded to obtain a 

satisfactory result from the analysis. As discussed in the introduction section, personalized modeling focuses on the 

individual sample rather than simply on the global problem space, so that creating a personalized problem space 

specifically for the new data can be a more appropriate solution to analyze new coming data sample in medical area. 

Personalized modeling is a relative new method in bioinformatics research, which is less found in literature. A 

representative work is published in [11]. One main difficulty in gene selection is how to optimize the learning function 

to evaluate the candidate genes during the training process. Genetic algorithm(GA) is a powerful method that is capable 

of exploring the combination of features and principally able to converge to the best solution. However, classical GA is 

often criticized for its huge computational cost and the difficulty of parameter setting. Compact genetic algorithm(cGA) 

[12] is a GA based algorithm that drives the evolution towards a better probability distribution. Compared to classical 

GA, compact GA is able to discover and maintain the relationships between the features through the entire optimization, 

which creates a much faster discovery of the global optimum. 

2.1   Algorithm of PMGS Method  

In this study, we propose and want to compare with classical wrapper (global model), a new gene selection method 

based on personalized modeling for GEP based on macroarray method data analysis, especially for aGvHD diagnosis 

and prognosis. In the proposed PMGS method, we employ wrappers to search candidate gene sets and then use the 

selected most important genes to profile individual data sample. This gene selection method can incorporate any 

classifier models for optimizing the learning function during the training process. In this study, we have investigated 

two classification algorithms, including Weighted distance K-nearest neighbor (WKNN) [11] and NaiveBayes to make 

a comparison. Figure 1 is given to demonstrate the process of the new proposed PMGS method using wrapper method 

for searching candidate genes. PMGS method starts with the creation of a personalized problem space (Dpers) for an 

objective data sample. A statistical model(SNR) selects a subset of genes based on their ranking scores from Dpers 

space. Then, these candidate genes are evaluated by a classifier, which is incorporated into a cGA based optimizer. This 

training process will be iterated until the stopping criterion is met. The final selected genes from cGA optimizer are then 

used to construct the classifier for validating the testing data sample. For simplicity, Algorithm 1 outlines the process of 

PMGS method. 
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Fig. 1. A diagram of personalized modeling based gene selection method(PMGS) 

Algorithm 1. Personalized Modeling based Gene Selection  

Input: a new data vector xv and a training dataset D(m × n): 

1. Pre-process the given data vector xv and the training dataset D (normalization and check missing values); 

2. Use a statistical algorithm(e.g. SNR or t-Test) to rank all genes and obtain n top genes g0 based on their ranking 

scores; 

3. Create a personalized problem space Dpers for the new data xv: Dpers = Fpers(xv,D) Fpers is a function for 

computing the personalized problem space(the Euclidean distance based neighborhood). 

4. Evaluate the candidate gene set g0 over the personalized training data Dpers via classification models. 

5. Use cGA to optimize the training process and select a set of genes gsel that lead to the best classification 

performance. 

6. Validate the selected genes gsel on the new data xv. 

Note: n is suggested from 40 to 200. 

3 Experiment 

The goal of this study is to design a model to select a compact set of genes that can profile the pattern of objective 

microarray data. 

3.1 Data 

Fifty-nine HSCT patients were enrolled in our study between March 2006 and July 2008 in Transplants Regional Center 

of Stem Cells and Cellular Therapy "A. Neri" Reggio Calabria, Italy, during a Governative Research Program of 

minister of the Health with the title: “Project of Integrated Program: Allogeneic Hemopoietic Stem Cells 

Transplantation in Malignant Hemopathy and Solid Neoplasia Therapy - Predictive and prognostic value for graft vs. 

host disease of chimerism and gene expression”. Because experimental design plays a crucial role in a successful 

biomarker search, the first step in our design was to choose the most informative specimens and achieve adequate 

matching between positive cases aGvHD (YES) and negative controls aGvHD (NO) to avoid bias. This goal is best 

achieved through a database containing high-quality samples linked to quality controlled clinical information. Patients 

with clinical signs of aGvHD (YES) were selected, and in more than 95% of them aGvHD was confirmed by biopsy 

including those with grade I. We used 26 samples from aGvHD (YES) patients that were taken at the time of diagnosis 

and we selected 33 samples from patients that didn’t experienced aGvHD (NO). All together YES/NO patient groups 

comprised a validation set. Total RNA was extracted from whole peripheral blood samples using a RNA easy Mini Kit 

(Qiagen) according to the manufacturer’s instructions. Reverse transcription of the purified RNA was performed using 

Superscript III Reverse Transcriptase (Invitrogen). A multigene expression assay to test occurrence of aGvHD were 

carried out with TaqMan
®
 Low Density Array Fluidic (LDA-macroarray card) based on Applied Biosystems 7900HT 

comparative dd CT method,  according to manufacturer’s instructions. Expression of each gene was measured in 

triplicate and then normalized to the reference gene 18S mRNA, who was included in macroarray card. About the 

project of macroarray card, we selected 47 candidate genes from the published literature, genomic databases, pathway 

analysis. The 47 candidate genes were involved in immune network and inflammation pathogenesis. Finally a group of 

new patients is enrolled for testing the new approach explained in this paper. 

 

Table 1.  The 13 genes selected from CFS with their names and meaning, the 7 genes selected through the wrapper- 

naïve Bayes method[13] are marked with °, the 5 genes selected with SVM are marked with *. 

Gene Name Official full name Immune function 

BCL2A1 BCL2-related protein A1 Anti- and pro-apoptotic regulator. 

CASP1°* Caspase 1, apoptosis-related cysteine 

peptidase 

Central role in the execution-phase of cell apoptosis. 
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CCL7 chemokine (C-C motif) ligand 7 Substrate of matrix metalloproteinase 2 

CD83 CD83 molecule Dendritic cells regulation. 

CXCL10° chemokine (C-X-C motif) ligand 10 Pleiotropic effects, including stimulation of monocytes, natural killer and 

T-cell migration, and modulation of adhesion molecule expression. 

EGR2° Early growth response 2 transcription factor with three tandem C2H2-type zinc fingers. 

FAS TNF receptor superfamily, member 6) Central role in the physiological regulation of programmed cell death. 

ICOS°* Inducible T-cell co-stimulator Plays an important role in cell-cell signaling, immune responses, and 

regulation of cell proliferation. 

IL4 Interleukin 4 Immune regulation. 

IL10°* Interleukin 10 Immune regulation. 

SELP selectin P Correlation with endothelial cells.  

SLPI° Stomatin (EPB72)-like 1 Elemental activities such as catalysis. 

STAT6 transducer and activator of 

transcription 6, interleukin-4 induced 

Regulation of IL4- mediated biological responses. 

Foxp-3 * forkhead box P3 

 

Regulatory T cells play important roles in the maintenance control of 

transplantation tolerance. 

CD52 °* CD52 antigen B-cell activation. 

 

3.2 Experimental Setup – wrapper approach 

In table 1 is shown some results published in previous [13], with the addition of a new  wrapper analysis with SVM as 

Classifier. The global dataset has been divided in  training data set with 29 patient samples (13 aGvHD(Yes) and 16 

aGvHD(No)) and in  testing  data set consisted of 30 patient samples (13 aGvHD(Yes) and 17 aGvHD(No)). Here as 

classifier we have used a SVM. SVMs use a kernel function to implicitly map data to a high dimensional space. Then, 

they construct the maximum margin hyperplane by solving an optimization problem on the training data. Sequential 

minimal optimization (SMO) [14] has been used in this paper to train a SVM. However, due to the high computational 

cost it is not very practical to use the wrapper method to select genes for SVMs. Also here, consistently with the 

analysis in [13] the search algorithm was the best-first with forward selection, starting with the empty set of genes. The 

search for the best subset is based on the training data only. Once the best subset has been determined, and a classifier 

has been built from the training data (reduced to the best features found), the performance of that classifier is evaluated 

on the test data. The 5 Genes selected using the wrapper method are shown in table 1 in comparison with gene selected 

from the previous analysis [13]. A leave-one-out cross validation procedure was performed to investigate the robustness 

of the method over the training set: in 29 runs, the subset of 5 genes was selected 29 times (100%) by the SMO. Section 

4.5 has shown the performance of this technique estimated on the testing data. 

3.3 Experimental Setup – Personalized Modeling based Gene Selection method 

Here we want to employ the PMGS approach described in the 2, to compare it with the techniques used in 3.2 and to 

integrate these models with new data. For each data sample, the final selected most important genes may be different. 

The selected frequency of some genes is significantly high, which means they can be recognized highly representative 

of the data pattern. For example CASP1, FOXP3, ICOS, CD52 are the most important genes for sample 20 and CASP1 

is often present in the best subgroups. As previous shown the main goal of developing PMGS method is to discover the 

personalized information for each sample (can be a patient clinical evidence sample), rather than simply to compare the 

classification accuracy with published results in literature. For this purpose, PMGS is designed to be able to give a 

detailed profile for the new testing data sample(a new patient sample), which can contribute to clinical decision support 

system. However, a leave-one-out cross validation procedure was performed to investigate the robustness of the method 

over the training set: in 29 runs, the personalized best subset was selected  29 times (100%). Section 3.4 has shown the 

performance of this technique estimated on the testing data. 

3.4 Experimental Setup – Integrated approach for new data and existing models. 

Here we want to employ the PMGS approach described in section 2, to compare it with the techniques used in 3.2 and 

to integrate these models with new data. For this aim, we have used a group of 7 new patients as new dataset D [1], 

[14],with 3 case of aGvHD,  in a different subspace of the problem space and we have obtained a very good modeling 

of the pathology. We have used like the other models training and testing dataset. Section 3.6 has shown the 

performance of this technique estimated on the testing data. 

3.5   Experimental Results 

In this study SVM classifier and classifiers previously used [13] obtain similar results with the PMGS method. The 

results confirm that it is possible to diagnose the aGvHD using a selected number of variables. Only one case escaped 

all our classification models, which achieved 97% accuracy in a leave one-out cross-validation on the testing data set. 

Experimental results are shown in Table 2.  
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Table 2.  Experimental results of a CFS with ANN classifier and a wrapper method combined with SVM and of the PMGS with 

naïve bayes and with WKNN. The starting set has been divided in training set and test set, a leave one-out cross-validation has been 

calculated for the two subsets.  

Method Training set Test set 

CFS-ANN 28(29) 29(30) 

Wrapper-SVM 29(29) 29(30) 

PMGS-naïve Bayes 27(29) 29(30) 

PMGS-WKNN 29(29) 29(30) 

3.6 Experimental results of the integrated approach 

For the 7 patients of the new dataset D we have a new situation for the clinical symptoms and for the general clinical 

situation, furthermore a different modality of infusion of the cell is occurred, so, in particular in these situations the 

integration of the existing models is a good method. The Model M seen above, does not perform very well on the new 

data D. The model is used to train on a dataset D0 in a subspace of the problem space where it performs well. The new 

dataset D is in another subspace of the problem space. Data D0tr extracted from D0 is first used to evolve one of the 

models seen above M0, and with the rule extracted the model M is transformed into  equivalent local models. The 

model M0 is further evolved on Dtr into a new model Mnew, the first representing data D0tr and the last two, data Dtr. 

Although on the test data D0tst both models performed equally well, Mnew generalizes better on Dtst. Building 

alternative models of the same problem could help to understand the problem better and to choose the most appropriate 

model for the task. The new model created for each step is trained (D0tr) with the personalized model for 50 runs (9 

cases has been removed because not clinically good for the training) and a LOOCV (92% for the integrated method) is 

calculated in comparison with single standard methods on the new dataset D of 7 patients (table 3).  

Table 3. Experimental results of a CFS with ANN classifier and a wrapper method combined with SVM with PMGS. In the last two 

rows the Integrated approach marked with (i).  

Method Test set (Dtst) 

CFS-ANN 3(7) 

Wrapper-SVM 4(7) 

PMGS-naïve Bayes 3(7) 

PMGS-WKNN 4(7) 

(i)PMGS- naïve Bayes 6(7) 

(i)PMGS- WKNN 6(7) 

4   Biomedical Conclusions and Future Work 

We examined the immune transcripts to study the applicability of gene expression profiling (macroarray) as a single 

assay in early diagnosis of aGVHD. Our interest was to select fewer number of molecular biomarkers from an initial 

gene panel and exploiting this to develop a fast, easy and non-invasive diagnostic test. The proposed method provides a 

good overall accuracy to confirm aGVHD development in HSCT setting. From a biological point of view, the results 

are  reliable. Others have reasoned that Th2 cell therapy could rapidly ameliorate severe aGVHD via IL-4 and IL-10 

mediated mechanisms [14]. It is noteworthy that in our study a set of genes, indicated by computational analysis, 

included same mediators of Th2 response such as IL10, and signal transducer and activator of transcription 6, 

interleukin-4 induced (STAT6). All these were strongly down-regulated in aGVHD (YES) setting, suggesting absence 

of control mediated by Th2 cells. Therefore, we highlight the fact that defective expression of ICOS impaired the 

immune protective effectors during clinical aGVHD. This evidence is supported by a previous report about ICOS as 

regulatory molecule for T cell responses during aGVHD. It has been showed that ICOS signal inhibits aGVHD 

development mediated by CD8 positive effector cells in HSCT [17]. According to previous reports, mediators of 

apoptosis cells and dendritic cell activators were involved. Recently, two specific molecules namely as CXCL10 and 

CCL7 were implicated in network of immune cell interactions in GVHD [18]. These chemokine mediate the T-cell 

trafficking to target organ during GVHD development. In our study increased expression levels of CXCL10 and CCL7 

were identify as informative biomarker of alloreactive disease. Altogether our results strongly outlined the importance 

and utility of non-invasive tool for aGVHD diagnosis based on GEP. We believe that to achieve an advantage from 

GEP performance, it is very important to know: 
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a) the transcript levels of immune effector cells in early time post-engraftment in order to  better understand polarization 

of Th2 cells; 

b) the CD8 positive cell action.  

     As a clinical trial, tissue biopsies were performed to confirm the above diagnostic results. In conclusion, our models 

may prevent the need for an invasive procedure. This study demonstrated, for the first time, that the proposed integrated 

methodology for the personalized selection of gene diagnostic targets and their use for diagnosis of aGVHD results in a 

satisfactory 92% accuracy over independent  test data set of HSCT population. We plan to extend the system as a 

personalized model including all clinical and genetic variables, testing with new data samples this method and for a 

larger group of patients to capture their  peculiarity. As a classifier, a spiking neural network can be explored [19], [20]. 

The author is engaged in this direction and in the developing of a user-friendly  software package for clinical testing 

from medical staff.  
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Abstract. In this paper we propose view-independent face detection model using cortex-like features and classify 

patterns with Mixture of Expert, ME. Feature extraction of the model uses C1 Standard Model Feature, C1 SMF, 

motivated from biology and eigenface for dimensional reduction on the CMU PIE dataset. Since C1 Standard Model 

Feature and the combining method based on ME with teacher-directed learning for view invariance were jointly used 

and also has a biological motivation, the proposed model get high detection rate 97% at different face view images. 

Keywords: C1 Standard Model Feature; Teacher-directed learning; Mixture of Expert; view-independent face 

detection; Eigenspace 

1   Introduction 

Since the view of faces changes dynamically in real environments and applications, a challenging task is to realize 

view independent face detection. These view changes cause large variations in appearance and making difficult to 

create a method robust enough to different angles of a face. In an attempt to cope with the wide degree of view variation 

inherent in such non-frontal face images, the authors in [1] proposed view-based face detection models, which classify 

faces of different viewing angles, for multi-view face detection. Schneiderman and Kanade [2] proposed a pioneering 

multi-view face detection system in which the detection accuracy was enhanced by using five view-based face detectors 

to estimate the joint probability of local appearances and the corresponding geometric poses in order to calculate the 

posterior probability. Li et al. [3] modified the Adaboost algorithm proposed by Viola and Jones in [15] for the training 

of face and nonface classifiers. By implementing these classifiers using a simple-to-complex pyramidal structure, the 

authors successfully developed a computationally efficient multi-view multi-face detection system. 

Most proposed methods are based on using a number of samples from multi views, such as single-view eigenspace. 

In these methods, the most direct way of view independent face detection is by simply storing an adequate number of 

different views of a face which are used to deal with the pose problem. An example of multiview approaches is 

described in [4] in which different eigenspaces are created for each view. The single-view eigenspaces has also been 

used in [5] with three projection spaces of frontal, half profile and profile. The alternative solution for view-independent 

recognition based on PCA technique is the global eigenspace. The global eigenspace is created from all face images in 

different poses. This method has been used in [6] to simultaneously perform object pose estimation and recognition. 

In this paper, we propose a feed forward, hierarchical neural processing model for view-independent face detection. 

According to this model, the view-independent representation is inspired from ventral stream of visual cortex which is a 

fraction of hierarchical model suggested by Riesenhuber and Poggio at el [7]. Riesenhuber and Poggio propose a model 

that is motivated from a quantitative theory of ventral stream of visual cortex which has high performance at complex 

scenes. In these scenes object recognition must be robust respect to pose, scale, position, rotation and image condition 

(lightening, camera characteristics and resolution). The standard model is comprised of several computational layers of 

simple and complex cell units creating a growth in complexity as the layers progress from V1 to inferior temporal 

cortex (IT) [8]. The outputs of the first layer of complex cell unit are employed as feature extraction method. 

In this paper, we propose a neural computational model for view-independent face detection which is based on the 

so-called mixture of experts (MOE) architecture and falls under the category of multiview based approaches. In MOE, 

the problem space is divided into several subspaces for the experts, and then the outputs of experts are combined by a 

gating network. Basically, our focus is on the way that the face space is partitioned by MOE. Roughly speaking, we 

attempt to facilitate this task for MOE to achieve more accurate view-independent face detection.    

The rest of this paper is organized as follows. Section 2 and Section 3 briefly describes C1 SMF and MOE. It is 

followed by the description of our proposed model by details in Section 4. Section 5 presents experimental results and 
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comparisons with previously published approach to the same problem. Section 6, finally draws conclusion and 

summarizes. 

2   S1 and C1 Standard Model Features 

The recent studies in object recognition for primate visual cortex have proved that feedforward path way of object 

recognition is performed in preliminary processing in the ventral stream [7,8]. The first layer of the model quantitatively 

corresponds to the tuning properties of V1 cells along the ventral stream of visual cortex. This layer consists of two 

hierarchical layers of computational units composed of simple S1 units and complex C1 units [8]. This layer of our 

framework is mostly based on that of Serre and Poggio et al. [9], with small changes according to the base model which 

consist of four hierarchical layers of computational units composed of alternating simple S units and complex C units. 

This layer is summarized as follow. 

S1 Units: A gray-value input image is first analyzed by a multidimensional array of simple S1 units which 

correspond to the classical simple cells in the primate visual cortex (V1) [9]. At first stage, S1 responses are obtained by 

applying a battery of Gabor filters to the input images, which have been shown to provide a good model of cortical 

simple cell receptive fields. Indeed, the S1 units extract features with a localized, oriented-edge detection on the image, 

with help of 2D Gabor filter, that react to line of a particular orientation, scale, and position. Gabor function can be 

described by the following equation: 
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where the aspect ratio γ=0.3, the orientation θ and the effective width σ , the wavelength λ were adjusted so that the 

tuning calls of the corresponding S1 units match those of V1 parafoveal simple calls as closely as possible. This was 

done by sampling the parameter space and applying Gabor filters to stimulus, e.g., a bar of optimal width and height, an 

edge or a grating at the optimal spatial frequency and selecting the parameter values that capture the tuning properties of 

V1 cells. In our approaches, we arranged the S1 filters to form a pyramid of scales, spanning a range of sizes from 7×7 

to 21×21 pixels in steps of two pixels and considered four orientations (0°,45°,90°,135°) , thus leading to 32 different 

S1 receptive field types (8 scales×4 orientations), and the C1 layer and S1 layer parameters have been arranged as [9].  

C1 Units: The next C1 units corresponds to cortical complex cells which illustrate some tolerance to shift and size. 

Complex cells tend to have larger receptive field and to be more tuned than simple cells. C1 units pool over afferent S1 

units from the previous layer by performing nonlinear MAX-like operation over the same orientation within the 

neighborhood of S1 units in both space and scale. In other words, the response r of a complex unit is the strongest 

response of its m afferents (x1,…,xm) from the previous S1 layer such that: 

1
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Consider each scale band contains two adjacent filter sizes (there are four scale bands). For instance, the first scale 

band for each orientation contains two S1 filters with sizes 7×7 and 9×9. Note that both S1 filters have the same 

dimensions. The response of the C1 unit is obtained by sub-sampling these S1 maps using a cell grid of size Ns×Ns= 

8×8. From each grid cell, the maximum of all 32 elements gives one single measurement. As a last stage, by taking a 

maximum over the two scales, for each call consider the maximum value from the two maps. Again, this process is 

independently repeated for each of the four orientations and each scale band. 

As discussed in [10], this non-linear pooling operation provides an increase in the tolerance to changes in position 

and scale from the S1 to the C1 layers while avoiding the superposition e.g., a unit performing a SUM over its inputs 

could not discriminate between of many weak stimuli and the presence of its preferred (optimal) stimulus. So that this 

layer creates slight position and scale invariance. 

3   MOME with Teacher-Directed Partitioning  

    Mixture of multilayer perceptron experts architecture, is the most famous method in the category of dynamic 

structure of classifier combining [11]. In the self-directed partitioner MOME just described, the experts networks were 

not biased   to   prefer   one   class   of   faces   to   another,   in   other   words,   the   network   itself  partitions the face 

space into subspaces and decides which subspace should be learned by which expert. In our modified version of mixture 

of experts model with MLP networks [12], we add teacher directed learning method. In order to specialize the experts in 

a specific view of faces, we use teacher-directed learning to direct each expert towards the subspace which is to be 

learned by it [13]. To apply TDL to MOE, updating of weights in learning process is controlled. According to the pose 

of the input training sample only the corresponding expert and its neighboring experts are allowed to update their 

weights.  
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From a machine learning point of view, in teacher-directed partitioner MOME, the idea is to divide the face space 

with respect to pose and represent the scenario to the  network by the teacher. Note that in the testing phase teacher 

information on the pose of input faces is not present, thus, the network must infer the final states without that 

information. The detail of the training process is as follows: in the first step the   training samples are projected onto the 

global eigenspace and are then fed into experts. Up to this stage, the training process is similar to that of self-directed 

partitioner MOME. 

To apply teacher-directed learning, we use the Teacher matrix, T, (Eq. (4)), in which Tj denotes the j
th

 column of T 

matrix.   
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Multiplying Tij, the i
th

 element of column Tj , on hi , results in a new h which is nonzero for the j
th

 expert and its 

neighboring experts and is zero for all other experts. For right profile, right half profile, frontal, left half profile and left 

profile training samples, j is assigned the value of 1, 2, 3, 4 and 5, respectively. So expert 1 of the MOME network 

shown in Fig. 2 serves as a +90°expert which also learns a portion of  its neighboring subspace (+45°) , and expert 2 

serves as a +45° expert which also learns a portion of its neighboring subspaces (+90° and 0°), and so on.   

One might ask the reason for updating the weights of the neighboring experts. As a matter of face, we expect the 

model to combine the outputs of two or more experts to recognize faces of intermediate unseen views. For instance, for 

a face of +68.5° rotation, the gating network is expected to combine the outputs of +90° and +45° experts to form the 

final output. To endow the model the ability to interpolate between views, the experts should be able to learn a portion 

of their neighboring subspaces, in addition to their own division of face space; so they will be able generalize in 

recognizing faces of novel views. Thus, for each pose class, weights of the corresponding expert and the neighboring 

experts are updated.   

4   The Proposed Model 

A model for view-independent face detection is proposed in this section. In this model, the standard model feature, 

inspired from visual cortex, is employed [14]. Result evaluations in [15] proved that in tasks containing limited clutter 

scene, instead of using C1 and C2 SMFs, using only C1 is sufficient and even lead to obtain better result. Since images 

in the same view of the face have restricted clutter, using C1 SMF is better suited for face recognition. Since the 

acquired information, resulted in processing our visual environment, in cortex is tremendous, and as a result many 

processes are required to recognize a typical object, this huge obtained data cannot be directly implemented and inserted 

into artificial systems. Therefore, PCA is employed to reduce data dimension. According to the structure of the 

proposed model shown in Fig. 1, the ME is employed. The ME networks are not biased to prefer one class of faces to 

another; in that, the network itself partitions the face space into subspaces and decides which subspace should be 

learned by which expert. 

 
Fig. 1. System overview. The proposed system consists of three biological layers: perceptual analysis, object representation and recognition layer.  

5   Experimental Results 

The dataset used for the structure of the proposed model includes 884 images of 68 people taken from PIE dataset 

[19]. Fig. 2 shows the example of training and testing PIE dataset. All people have 11 images on the views of angels 

(±90, ±67.5, ±45, ±22.5, 0). Views of angles (±90, ±45, 0) are used for training purpose and all 11 views of different 
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people are used for test. The size of each image used in this dataset is cropped and then the image size is changed to 

70×60. For each image in the dataset, the changes in contrast and brightness of images were made using build-in matlab 

functions. Also each pose images were shifted left, right, up down by 5 pixels. Therefore, we use a database of 2800 

face samples and 2800 nonface samples for training and 900 faces and 900 non-faces for testing. 

First, for extracting features, we select proper Gabor parameters listed in Table 1. Then, C1 features of an image are 

concatenating over all orientations and scales to form a linear and consecutive vectors to pass to classifiers. The 

dimension of the final vector is required to diminish since this vector has 1916 length as well as high computational 

load. Therefore, PCA is used to meet this requirement. 50 valuable components are selected to use for the experts. 

Eigenspaces in gating network are taken using C1 SMFs and amount of selected components are the same as before. 

 
Fig. 2. Example of face images taken from PIE 

 

Table 1. Summery of S1 and C1 SMF parameeters 

C1 layer S1 layer 

Scale Band S Spatial Pooling grid Overlap ΔS Filter size s Gabor σ Gabor λ 

      Band 1 8×8 4 
7×7 

9×9 

2.8 

3.6 

   3.5 

   4.6 

Band 2 10×10 5 
11×11 

13×13 

4.5 

5.4 

    5.6 

   6.8 

Band 3 12×12 6 
15×15 

17×17 

6.3 

7.3 

    7.9 

    9.1 

Band 4 14×14 7 
19×19 

21×21 

8.2 

9.2 

    10.3 

    11.5 

5.1 Experiment I 

In this experiment, we examine the role of specialization of experts in our model. In order to attain a better 

understanding of the functionality of the experts, we performed this experiment on detecting unseen face images in 

similar views as the training samples. The results of this experiment are reported in Table 2, where for a variety of the 

number of hidden neurons, for gating and expert networks and the number of components alter from 20 to 70, the 

performance on the test set in terms of detection rate on the basis of taking average over 10 run times is listed. It should 

be mentioned that after searching for network parameter settings which maximize the performance of networks on the 

test set, we found the optimum values of 0.1 and 0.05 for ηe and ηg, respectively. 

 As shown in Table 2, teacher-directed partitioning in MOME reveals much better detection rate than self-directed 

partitioning. It should be mentioned that the best result of this experiment for MOME with self-directed partitioning is 

96.3%, and for MOME with teacher-directed partitioning is 96.7%, with 25 and 55 hidden neurons for the gating and 

experts, respectively and with 50 components. 

Fig. 3 illustrates the performance of each expert of the proposed model and the MEs with global eigenspaces, on the 

unseen face images of training views. The bars denote the average detection rate of each of the five experts, broken 

down by pose class. The standard deviation is also shown. Note that in Fig. 3.a, for any input face image, irrespective of 

its pose, the experts reveal almost the same recognition rate. In Fig. 3.b, where teacher-directed partitioning of face 

space is applied, there is strong expertise in experts in their corresponding pose class. As, for instance, -45° expert, 

represented by the second bar in each bar group, demonstrates much greater recognition rate for faces with -45° 

rotation, whereas its performance decreases dramatically for faces of other pose classes.   
 

Table 2.  Detection rate of different topologies of proposed model  
Number of Components 

20 30 40 50 60  70  

Number of Hidden Neurons for Gating 

16 18 20 22 24 

 

26 

 

Number of Hidden Neurons for Experts 

40 40 45 50 55 

 

60 

 

Self-directed Partitioner MOME 

94.9 95.5 96.1 96.3 96.2 

 

96 

 

Teacher-directed Partitioner MOME 

95.9 96 96.5 97 96.9 

 

96.8 
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Fig. 3. Recognition rates of a) self-directed partitioner and b) teacher-directed partitioner MOME averaged over ten training runs on unseen 
synthesized images of training views broken down by pose class. 

 

As shown in Table 2. and Fig. 3a and b respectively, we come to the conclusion that to achieve view-independent 

face detection with mixture structure, inside our test set domain, it is more beneficial to direct MOE experts to a 

particular partitioning corresponding to predetermined views, instead of allowing it to self partition the face space. In 

other words, dividing the face space with respect to pose is a helpful solution that MOME itself cannot reach, but when 

it is directed towards such solution by means of teacher information, the model exhibits robustness to variations in pose 

in terms of high detection rate for faces of novel views. 

5   Conclusion 

Understanding a neuroscience model of visual cortex performs object recognition is one of the ultimate goals in 

computational biology. Recognition of face/nonface is a difficult problem, which confronts all the major challenges in 

computer vision and pattern recognition. This paper presented a biologically-motivated framework for face/nonface 

recognition. First C1 maps were computed for each image and then the discriminative structure of mixture of experts 

network run. Since the training images have only changes in pose, illumination and view, using C1 SMF is suitable for 

the face represent. The experiments results demonstrate the proposed approach is powerful in extracting the relevant 

discriminatory information from the training face data and the discriminate structure of mixture of MLP experts is very 

high efficiency for the test C1 features. In the face/nonface recognition task the performance of the mixture of two 

simple MLP comparisons with a complex MLP reveals that a mixture structure is much more reliable at solving 

complex pattern recognition problem. Also, it has the advantage of easier training, because of simpler expert networks. 
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Abstract. Face recognition performance has always been influenced by the various facial expressions a subject may 

achieve. In this paper, we investigate face as a biometric under expression variation using Biologically Inspired 

Features (BIFs). We apply biologically inspired features, derived from a feed forward model of object recognition 

pathway in visual cortex for expression invariant face recognition problem. In this work, our goal is to understand 

whether features motivated by a model of visual cortex are robust for human identification under expression 

variation. Experimental results show that the model achieves high recognition percentage even for large expression 

variations. 

Keywords: Expression invariant face recognition, biologically inspired features, human visual pathway 

1   Introduction 

Face recognition technique is a computer application for automatically identifying or verifying human subjects using 

information characterizing their faces. Since Kanade attempted to design an automatic face recognition system in 1973 

[1], many researchers have investigated face recognition, and different algorithms have been developed to tackle the 

problem of face recognition.  Among various face recognition approaches, holistic appearance-based approaches, which 

started from the work of Turk and Pentland [2], have been dominating the face recognition research. However, face 

appearance varies drastically under various circumstances such as illumination, pose and facial expression variations. 

Such variations make the appearance-based face recognition difficult.One of the pivotal difficulties in face recognition 

is how to handle the variability in appearance due to changes in facial expression [3].  Expression invariant 

recognition ability is crucial to a face recognition system because in general it is very difficult, if not impossible, to 

restrict and to control a person’s facial expression when receiving face images, such as in video surveillance.   

Numerous previous investigations have attempted to recognize human subjects across various expressions. Liu et al. 

[4] investigated facial asymmetry as a biometric under expression changes. They defined and measured two types of 

asymmetric facial information: density difference and edge orientation that are easily determinable from facial images 

and videos. They indicated that this information could obtain individual differences, which are stable to the changes of 

facial expressions. Bronstein et al. [5] proposed a 3D face recognition approach based on geometric invariants 

introduced by Elad and Kimmel [6] which was invariant to the facial expression by introducing the isometric-invariant 

representation of the facial surface. Li et al. [7] used Active Appearance Model (AAM) to recognize human 

subjects with varying face expression. They fit the Active Appearance Model to the input image and warped to the 

reference image frame to remove the geometry information. In AAM, face texture can be warped to the mean shape to 

acquire shape-normalized faces. However, the texture information still included expression features, even though their 

approach was better than previous ones. Lee and Kim [8] presented an approach of expression-invariant face 

recognition that transforms an input face image with an arbitrary expression into its corresponding neutral facial 

expression image. Bronstein et al. [9] presented an empirical justification for treating human faces as deformable 

surfaces in the context of Riemannian geometry. They demonstrated (based on previous results) how an expression-

invariant representation of the face can be given by a canonical form, which is an invariant of a given surface under 

isometries. The resulting representation was demonstrated to be useful for 3D face recognition.  Several approaches 

have been proposed for this purpose [10, 11]. Such models are usually very complicated and therefore, unsuitable for 

face recognition implementation, where real time or near-real time performance is required. This is because the 

construction of 3D image itself is either much expensive or time consuming to be used in real world applications. 

Understanding how visual cortex recognizes objects is a critical question for neuroscience. Building a system that 

emulates object recognition in cortex has always been an attractive idea. Recent works [12, 13, 14] have shown that a 
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Model Layer RF Size Description 

Classification 

Units 

S4 7°  

C3 7° 6 Bands (1 to 6), 2000 Features 

C2b 7° 6 Bands (1 to 6), 2000 Features 

S3 1.2°-3.2° 2000 3-by-3 Patches 

S2b 0.9°-4.4° 2000 3-by-3, 5-by-5, 7-by-7, 9-by-9 Patches (500 per size) 

C2 1.1°-3° Pooling over bands (1,2), (3,4) & (5,6) 

S2 0.6°-2.4° 3-by-3 Filters in -45°,0°,45°,90° 

C1 0.4°-1.6° 6 Bands (1 to 6) 

S1 0.2°-1.1° Gabor Orientations: -45°,0°,45°,90° 

Input Image 

 

computational model based on our knowledge of visual cortex can be competitive with the best existing computer 

vision systems on some of the standard recognition datasets.  Their system follows a recent theory of the feed forward 

path of object recognition in cortex that accounts for the first 100-200 milliseconds of processing in the ventral stream 

of primate visual cortex [14]. 

2   Detailed Design and Implementation of Model 

The printing Object recognition in cortex is mediated by the ventral visual pathway running from primary visual cortex , 

V1, through extrastriate visual areas V2 and V4 to inferotemporal cortex  , IT, and then to prefrontal cortex (PFC) 

which is involved in linking perception to memory and action [15-17]. In this section, we will briefly describe a feed-

forward model of the primate visual object recognition pathway. In its simplest form, the standard model consists of 

four layers of computational units where simple S units alternate with complex C units. The S units combine their 

inputs with Gaussian-like tuning to increase object selectivity. The C units pool their inputs through a maximum 

operation, thereby introducing invariance to scale and translation [12]. The sketch of the model is depicted in Fig. 1. 

2.1 Image layer 

 

The input to the model is an image and we convert the input image to gray-value image. In this layer an input image is 

transformed into an image-pyramid with ten scales. For creating the pyramid, the shorter edge is scaled to 140 pixels 

while maintaining the aspect ratio, then using bicubic interpolation, an image pyramid of ten scales, each a factor of 2
1/4

 

smaller than the previous is created.  

2.2 S1 and C1 Layers  
  

Image layer is first analyzed by a multi-dimensional array of simple S1 units which correspond to the classical V1 

simple cells of Hubel & Wiesel [18]. Mathematically, the weight vector w of the S1 units takes the form of a Gabor 

function which has been shown to provide a good model of simple cell receptive fields [19] and can be described by the 

following equation: 

                                  
2 2 2

2

X γ  Y 2π
          G x, y exp  cos

2σ λ

   
    

  

                             (1) 

Where   X xcos ysin   and        Y x sin ycos    and     varies between 0 and    . All three parameters   

 (aspect ratio),     (effective width), and  λ  (wavelength)  are set to   =0.3, σ = 0.0036 * RF size + 0.35 *RF size + 

0.18 and λ = σ/0.8 (σ= 3.5 λ =2.8). Finally, the components of each filter are normalized so that their mean is 0 and the 

sum of their squares is 1. The response of a patch of pixels X to a particular S1 filter G is given by: 
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Fig 1. Sketch of the model. There is an increase in invariance to position and scale, and in parallel, an increase in the size of the 

receptive fields as well as in the complexity of the optimal stimuli for the neurons. 
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The next C1 level corresponds to striate complex cells of Hubel and Wiesel [20]. This layer pools nearby S1 units (of 

the same orientation) to reach position and scale invariance over larger local regions, and as a result can also subsample 

S1 to reduce the number of units. The value of a C1 unit is simply the value of the maximum S1 units (of that 

orientation) that falls within a max filter. Similarly, position invariance is increased by pooling over S1 cells at the same 

preferred orientation but whose receptive fields are centered on neighboring locations.  

The resulting C1 layer is smaller in spatial extent and has the same number of feature types (orientations) as S1. This 

layer provides a model for V1 complex cells. As a result, the size of the receptive fields increases from S1 to C1 layer 

(0.2-1.0 to 0.4-2.0 degree). Similarly the effect of the pooling over scales is a broadening of the frequency bandwidth 

from S1 to C1 units which is in agreement with physiological evidences [15]. 

The Gabor filters parameters were tuned in a way that the tuning properties of the corresponding S1 units match 

closely to those of V1 parafoveal simple cells [14]. Similarly the pooling parameters at the next stage were adjusted so 

that the tuning and invariance properties of the corresponding C1 units match closely to those of V1 parafoveal complex 

cells. 

 

2.3 S2 and C2 layers 

At the S2 layer, units pool the activities of retinotopically organized complex C1 units at different preferred orientations 

over a 3×3 neighborhood of C1. As a result, the complexity of the preferred stimuli is increased: At the C1 level units 

are selective for single bars at a particular orientation, whereas at the S2 level, units become selective to more complex 

patterns (such as the combination of oriented bars to form contours or boundary) conformations. Receptive field sizes at 

the S2 level range between 0.6−2.4 degrees.  

At the C2 Layer, units pool over S2 units that are tuned to the same preferred stimulus (they correspond to the same 

combination of C1 units and therefore share the same weight vector w) but at slightly different positions and scales. C2 

units are therefore selective for the same stimulus as their afferent S2 units. Yet they are less sensitive to the position 

and scale of the stimulus within their receptive field. Receptive field sizes at the C2 level range between 1.1−3.0 

degrees. 

2.4 C3 and S3 layers 

Beyond S2 and C2 stages, the same process is iterated once more to increase the complexity of the preferred stimulus at 

the S3 layer (possibly related to Tanaka’s feature columns in TEO [17]), where the response of C2 units with different 

selectivities are combined with a tuning operation to yield even more complex selectivities. In the next stage (possibly 

overlapping between TEO and TE), the complex C3 units, obtained by pooling S3 units with the same selectivity at 

neighboring positions and scales, are also selective to moderately complex features as the S3 units, but with a larger 

range of invariance. The S3 and C3 layers provide a representation based on broadly tuned shape components. 

2.5 S2b and C2b Layers 

S2b and C2b Layers may correspond to the bypass routes that have been found in visual cortex, e.g., direct projections 

from V2 to TEO (bypassing V4) [20] and from V4 to TE (bypassing TEO) [21]. S2b units combine the response of 

several retinotopically organized V1-like complex C1 units at different orientations just like S2 units. Yet their 

receptive field is larger (2-3 times larger) than the receptive fields of the S2 units. The tuning of the C2b units agree 

with the read out data from IT [22].  

2.6 Modification 

To increase the sparsity among inputs of a S2 unit, Mutch et al. [23] selected fewer number of features from C1 layer by 

choosing the most dominant response in each position instead of using all four (number of orientations) responses. This 

is in accordance with the fact that neurons in visual cortex are more selective to a subset of their inputs. Cells in visual 

cortex inhibit their less active neighbors in a winner-take-all competition. Lateral inhibition ignores non-dominant 

orientations and focuses on suppressing S1 and C1 outputs. To model this, at each location minimum and maximum 

responses, Rmin and Rmax, over all orientations are computed and for each response R, if R < Rmin +h * (Rmax 

−Rmin) then it is set to zero. Variable h is a global parameter to define the inhibition level. 

3 Experiment setup and results 

3.1. Dataset 

We used the Cohn and Kanade’s DFAT-504 dataset [24] which is consisted of 100 subjects under different expressions: 

Happy, sad, surprised, disgusted, feared, angry and neutral. Videos were recorded in analog S-video using a camera 
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located directly in front of the subject. In our simulations, we used 25 individuals of this database displaying four, five 

or six facial expressions. For each person, a set of 30 face images was selected containing the peak state of each 

emotion. Faces were aligned, cropped, and scaled based on the locations of two points in the first frame of each 

sequence. The two points were selected by a single mouse click at the center of each eye. We then normalized the 

images for illumination variations using histogram equalization method. All other procedures were fully automated. 

Three samples of the standardized images are shown in Fig. 2. 

     

 

Fig 2. Example of emotion categories(neutral and peak): neutral, anger , fear , disgust, Happiness, sadness, surprise (from left to 

right) 

3.1. Experiments 

We conducted to experiments to show the robustness of the Biologically Inspired Features (BIFs). Details of these 

experiments are described in the following: 

3.1.1 Experiment 1: Combination of Biologically Inspired Features (BIFs) 

Experiment 1 is designed to investigate the robustness of BIFs coming from the various layers of the model. We employ 

BIFs of layers C1, C2b, C2 and C3 independently and also employ the combining BIFs of the two routes: the first root 

is consisted of C1 and C2b (the right route in Fig. 1) and the second root integrates the BIFs of layers C1, C2 and C3 

(see the left route in Fig. 1). Eventually, fusion of these two independent routes is used to make another set of features 

resembling the features of the prefrontal cortex (PFC).  

To perform this experiment, we randomly selected one sample from 30 samples of each person (we have 25 persons) in 

the database and the other images were used to verify the performance of the system. The mentioned features are then 

extracted for each image and used as input vector for a Nearest Neighbor classifier. It is to be mentioned that the 

dimension of each feature set is 1500. The experiment was repeated 10 times for every randomly partitioned database. 

This process was carried out with two and three samples for training. Fig. 3a shows the average error rate.  

3.1.2 Experiment 2: Comparison of BIFs with conventional methods  
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Fig 3.  a) Error rates for classification with different feature sets (Experiment 1) 

b) Average recognition rates for three feature extractors (Experiment 2) 

In experiment 1, we saw that the combining set of features (C1, C2b, C2 and C3) yielded the best results which is 

completely consistent with biological evidences. We employed these features to solve the expression invariant face 

recognition problem. To be able to compare the robustness of these features with those commonly used to solve the 

expression problem, we repeated the first experiment but with different set of feature extractors. In this experiment we 

a 

) 

b 

) 
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use the best BIFs against two of common feature extractors: principal component analysis (PCA) and linear 

discriminant analysis (LDA). We carried out this experiment with 1, 2, 3, 4, and 5 samples for training. Fig. 3b 

compares the performance of the three feature extractor. 

4   Conclusion   

In this paper, based on the fact that humans can easily identify people with various facial expressions, we employed 

Biologically Inspired Features derived from a feed forward mechanism in the human visual systems to solve the 

expression invariant face recognition problem. The first experiment, comparing the performance of a very simple 

classifier but with different input features coming from different levels of the human visual pathway, shows that, as 

expected before, the performance when using a combination of all C layers of the hierarchy, yields the best results. This 

is in no contrast with biological evidences suggesting that the higher layers of the cortex involved in decision making, 

receive their input from almost all of the lower areas. Furthermore, the second experiment shows that, even only as a 

computational tool to solve problems such as the expression problem, BIFs can boost the performance of face 

recognition system. The results also show the applicability of these features in Small Sample Size problems (SSS) and 

even “one sample per subject” problems. 
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Abstract. In the image retrieval domain, Content-Based Image Retrieval (CBIR) methods have been proven to be a 

fast, efficient and reliable technique of indexing a large number of images without necessarily understanding the 

contents of the images. These methods are therefore; quite useful in the domain of Simultaneous Localization and 

Mapping (SLAM) as it handles a large amount of data in real-time. It also provides a convenient initial approach to 

conducting semantic-based SLAM as object recognition methods applied to SLAM have not been proved to be 

effective either. Therefore, we have developed a model to conduct SLAM on an autonomous mobile robot equipped 

with vision sensors. In this paper, we give a brief overview of the model and describe some of our initial 

experimental results. 

Keywords: Semantic SLAM, CBIR, Tamura Textures, image patches, semantic signatures. 

1   Introduction 

Simultaneous Localization and Mapping (SLAM) is a problem within the field of robotics where a robot or autonomous 

vehicle – equipped with one or more low-level sensors – is given the tasks of (a) mapping, where construction of a map 

is performed within an unknown environment, and (b) localization, where the robot/vehicle constantly maintains an 

estimate of its current location relative to other “visible” objects.  

The problem of SLAM originates from [12] which brings up the issue of representing spatial information during the 

application of robotics. Over the years, traditional methods of conducting SLAM have been developed by researchers 

such as Thrun [6], [14], [16], [15] Davison [1], [11], and Little [3], [4]. While such methods of SLAM have different 

forms of implementation when compared against each other, they all have the common feature of tracking topological 

information on a geometric level. 

Extraction of low-level geometric information (such as lines and shapes) is not the only viable form of performing 

SLAM. Recently, there have been several research efforts that have focused upon conducting SLAM on a semantic 

level [2], [5], [8] where high-level information is inferred from regular topological maps as suggested in [2]. A model 

based on this form of SLAM would allow a greater amount of information pertaining to the environment (i.e. such as 

the navigability or the nature of certain areas) to be recorded, in addition to representing the presence of obstacles. To 

serve as an example, [9] demonstrates the possibility of  certain occupied cells within an occupancy grid that are labeled 

to indicate the presence of buildings. Also, [10] and [5] provide instances where certain regions of the map are 

classified according to different high-level objects that have been tracked. 

However, research into the field of semantic mapping is still considered to be new. A relatively small number of 

papers have been published regarding the subject and the majority of them are very recent. It is therefore in the interest 

of contributing towards this field that we propose conducting semantic SLAM though content-based image retrieval 

(CBIR). The implementation of CBIR in order to achieve a semantic form of SLAM is also new in itself and has the 

potential to provide certain advantages over traditional feature-based methods. For instance, the semantic information 

has the potential to be queried by a human using natural language. There also exists the possibility that such semantic 

methods have tenable biological parallels.  

2   Semantic SLAM Model 

As a detailed description of our semantic SLAM model can be found in our earlier work [13], only a brief summary will 

be provided here. The model that has been developed processes a video stream as illustrated in Fig. 1a., where the 

processing pipeline comprises of a series of stages: segmentation and signature extraction, categorization and clustering, 
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and extraction of semantic information for processing into locations and area. This pipeline has been realized using 

CBIR techniques [13] for feature extraction and signature descriptions of individual image frames. These are then 

processed into semantic descriptors and these sequences are submitted to a fuzzy inference system which produces a 

similarity score relative to a specifically memorized semantic location descriptor related to one of the image frames. 

Fig. 1b. illustrates our implementation and Fig. 2. shows a typical semantic location descriptor generated from this 

process. 

 

 

Fig. 1.  The various stages within our semantic SLAM model showing (a) the complete SLAM 

pipeline, and (b) a possible implementation from which the results are reported below 
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Fig. 2. A typical example of an image processed into a semantic location descriptor. (a) The raw image. (b) The identified 

image clusters. (c) The clusters overlaid on the original image. (d) The semantic descriptors. 

2   Experiments 

We have implemented our model in MATLAB, using a standard webcam with a resolution of 640 * 480 pixels, where 

the images are segmented in a similar manner to that in [7]. However, in order to obtain a meaningful amount of 

semantic data, each image patch consists of 96 * 80 pixels, resulting in 40 separate image patches per image. The size 

of image patches is determined through the use of the bestblk command within the MATLAB environment, which 

specifies the optimal patch size for processing. 

In this paper, we reproduce the results of 3 experiments that were previously conducted. The first two experiments 

involve a camera moving between two areas with different semantic contexts, while the third experiment involves a 

camera moving on a lateral plane within the same semantic area.  

The main purposes of these experiments are (a) to determine if the proposed calculation of the similarity score is 

capable of differentiating the semantic context between 2 areas, and (b) to determine if the similarity score related to a 

reference image is consistently bounded within an acceptable value range when images are restricted to the same 

semantic context. As the first sequence has no previous image to refer to, we set this particular image to be the reference 

image. However, once any future image generates a similarity score of 5 or less, then that image is considered to be the 

new reference image. The highest and lowest score an image can possibly generate is 8.31 and 1.69, respectively. 

The first experiment consists of 13 images as shown in Fig. 6., where the first 9 images are taken in a corridor and 

the remaining 4 images are those of a room.  Fig. 7. shows the 8 images involved in the second experiment, with 4 

corridor images and 4 room images. Images for the third experiment involving lateral plane movement are shown in Fig 

8., which consists of 6 images in total.  
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Fig. 6. Image set of Experiment 1 

 

 

Fig. 7. Image set of Experiment 2 

 

 

Fig. 8. Image set of Experiment 3 

 

After conducted multiple runs based on different combinations of weight values for each rule set, we determined that 

the values that generate the most promising results were 1.0 for the factors of size and relationship, and 0.0 for the 

cluster position. The results are displayed in Fig. 9, which is shown below. 

It should be noted that the similarity score in Experiment 1 experienced a sharp dive in value between Image 8 

(where the camera is immediately in front of an open doorway) and 9 (where the camera has rotated approximately 90 

degrees to face the room), and then increases in value as the camera traverses into the room. It should also be of note 

that a similarly large variance is observable between Image 4 and 5 for Experiment 2, though in this instance, it is of an 

upward, not downward trend. And in Experiment 3, the similarity scores are consistently above an approximate value of 

6.25, which is still considered a relatively high value. 

Therefore, future experiments will be conducted to determine if the phenomenon of large value changes over the 

course of 2 consecutive images is repeatable for a significant amount of image sets. 
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Fig. 9. The experiment results 

3   Conclusion 

In this paper, we have presented three experiments which run on separate image sets and their related results based on a 

proposed semantic based SLAM model with the best possible test parameters. The results show the similarity score 

values of each image when compared to a reference image, which changes whenever a similarity score yields a value 

below a certain threshold.  

These results raise the possibility that a semantic form of SLAM is indeed possible, provided that certain future 

modifications are made in order to further improve accuracy. Therefore, further experimentation is deemed necessary to 

determine if a large variance in value at a particular image moment is able to be observed consistently. The threshold 

score to determine a difference in semantic context should also be re-evaluated, and modified if deemed necessary. 

Therefore, we see our model as potential contribution towards semantic, and especially ontologically based methods 

that play a key role in future developments of both SLAM and generalized mapping models. 
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Abstract. An automatic road sign recognition system locates road sign of interest within images captured by an 

imaging sensor on-board of a vehicle, and then identifies road signs assisting the driver of the vehicle to properly 

operate the vehicle. This paper presents a real-time road sign recognition system that can be used to improve road 

safety. The developed system is capable of analysing live road scene images, detecting multiple road signs within 

each image, and classifying the type of road signs detected. The experimental results demonstrate that the system is 

capable of achieving an average recognition hit-rate of 95%. This work is targeted towards the development of an 

efficient and intelligent road sign recognition system. The system is capable of locating the road sign region using 

derivative-based filtering, and classifying road sign through the use of support vector machine classifier.  

Keywords: road sign, naive bayesian, detection. 

1   Introduction 

Road signs give drivers vital information for driving. An automated road-sign recognition system thus plays an 

important role in alerting drivers of road conditions and makes driving safer.  

An automatic road sign recognition system should be able to first detect, and then recognise a set of road signs from 

within images. Such a system has the capability to analyse road scene image captured by the camera, extract the road 

sign region and make intelligent decisions. In addition, it must appropriately alert the driver of the road sign ahead. 

Automated road sign recognition is considered a difficult task. There are a number of important issues that need to be 

taken into consideration. These include: illumination conditions, direction of sign‟s face, status of paint on signs, 

placement of multiple signs near each other, torn and tilted signs, variations in sign‟s scale, obstacles such as tree, 

image sensor‟s properties, car vibrations, etc. 

The first work on the automated road sign recognition was reported in Japan in 1984 [1]. Since then, a number of 

methods have been developed for road sign detection and identification. These methods can be classified into two main 

groups: (i) colour-based, and (ii) shape-based.  

Most existing road sign recognition systems process colour for image segmentation in order to extract out the 

coloured objects from the background. The colours used in road signs are often simple primary colours. Several 

techniques on colour-based recognition have been developed. These include: HSI/HSV transformation [2], region 

growing [3], colour thresholding segmentation [4], principal components analysis [3], support vector machines [5], 

neural networks [6], etc. The main drawback of colour segmentation is the outdoor illumination which affects the colour 

acquired by the imaging sensor. Most colour-based techniques run into problems when the illumination source varies 

with both intensity and colour. This is the main reason why many researchers have tried to come up with algorithms for 

separating the incident illumination from the colour signal perceived by the imaging sensors [7]. 

Detection by shape forms the second main group of road sign recognition techniques. Comparing to colour-based 

approaches, shape-based techniques would have to deal with imperfect shape problems and the sign appearance. Shape 

detection requires a robust edge-detection and matching algorithm. This becomes difficult when the road sign appears 

relatively small in the image. In addition, even if the shape is identified, it can be confused with several other shapes of 

man-made objects such as building windows [3]. Several techniques on shape-based recognition have been developed. 

These include: distance transform matching [8], Hough transform [4], hierarchical spatial feature matching [9], etc. 

Shape detection techniques are more robust to changing illumination because they detect shapes using on edge 

information, and can efficiently reduce the search for a road sign region from the whole image to a small number of 

pixels [5].  

In most existing road sign recognition approaches, the region through which a search is carried out for road signs is 

pre-defined, i.e. it is assumed that the road signs only appear in a particular part of the input image. This is due to the 

reason that the position, height, and the sign-face‟s angle are often regulated. The main advantage of fixing search 

region is that the detection time is reduced because the whole road scene image need not be searched. On the other 

hand, the disadvantage is that the road signs appear in other regions of the image cannot be detected. In our approach, 

the whole image is searched for all possible road signs. This ensures that no road signs are missed out. Considering the 

detection time, binary images are used in our detection module for further processing of the regions; this keeps the 

detection time minimal.  
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Large training and test databases are constructed and used in our approach. The total number of images used for 

training and testing of neural networks are close to 2500. The databases include not only road-sign images, but also 

non-road-sign images that are used to enhance the rejection capability of the networks. 

In this paper, we propose a system that synergizes the use of derivative filtering and Weighted Naïve Bayesian 

localization. Firstly, it locates the edge of road sign through Gaussian derivatives, Laplacian derivatives and filter out 

non-road sign images using Adaboost. Secondly, the feature locator finds crucial points for subsequent feature 

extraction processing. Finally, the meaningful features are classified into the corresponding classes. 

The paper is organised as follows. Section 2 describes methodology for recognition. Section 3 gives the experimental 

results.  

2   Our Methodology 

In this section, we outline the structure of the system. Figure 1 displays the block diagram of road sign locator. The 

system is composed of road sign locator, critical points locator, feature extractor and SVM classifier. The road sign 

locator undergoes some image processing stages to find the road sign edges. The critical points locator finds points for 

subsequent feature extraction processing. We adopted Gabor features and Gini extractions which will be discussed in 

the following sub-sections. Finally the meaningful features are classified into the corresponding class. 

 

 

Figure 1 Road Sign Recognition Block Diagram 

2.1   Derivative-based Road Sign Locator 

This work adopted the use of Laplacian of Gaussian derivations. Schiele [10] experimentally compares the invariant 

properties for a number of receptive field functions, including Gabor filter and local derivative operators. Those 

experiments showed that Gaussian derivatives provided the most robust recognition results. Accordingly, in the work 

described in this paper we use filters which are based on Gaussian derivatives which can be represented by:  
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where   is Gaussian standard deviation. 

     Ros and Kak [11] showed that the simplest isotropic derivative operator is the Laplacian operator. The 2-D 

Laplacian of Gaussian centered on zero and with Gaussian standard deviation with   has the form: 
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Or in a simplified form of Laplacian of Gaussian is:  

 ( , ) ( , ) ( , )
xx yy

Lap x y G x y G x y  . (4) 

   Once the edges of road signs are identified, we further process it by a road sign filter (e.g. a simple template 

matching) which is able to filter out some unwanted edges and noise and also to crop the region where it is a possible 

road sign region. 
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2.2   Critical Points Locator 

The critical points define the extended feature components. The component-based feature detector has two levels: The 

Micro SVM based independent component detector and the Macro SVM based independent component detector. The 

micro level uses linear SVM based independent component detection. Each component classifier was trained on a set of 

extracted road sign components (the 4 key components) and on a set of randomly selected non-road sign patterns. The 

macro level uses the maximum outputs of the component classifiers within rectangular search regions as inputs to a 

combination SVM classifier. The macro SVM performs the final detection of the road sign component regions. 

2.3   Feature Extractor 

The feature extractor adopted Gabor wavelet and Gini-based feature selection. An image is convoluted with Gabor 

wavelet filters so as to extract the road sign features. We have chosen 7 orientations and 2 spatial frequencies; 

generating a total of 14 Gabor filtered images. The frequency selected is from 0.4 to 0.8, whereas the orientations are in 

the multiples of /7 ranging from 0 to . Gabor wavelet constructed 61 regions of 14 different features for each input 

data. The feature extraction process starts by marking the left centre, right centre and centre point positions. With the 

854 (61x14) features obtained, we make use of Gini to shrink down to ten features that best describe the road sign. The 

final stage is the boosting classification. Gabor filters model the properties of spatial localization, orientation selectivity, 

and spatial frequency selectivity and phase relationship of the receptive cells. The Gabor wavelet function can be 

represented by: 
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We consider that the receptive field (RF) of each cortical cell consists of a central ON region (a region excited by 

light) surrounded by two lateral OFF regions (excited by darkness) [10]. Spatial frequency W  determines the width of 

the ON and OFF regions. 
2

x
  and 

2

y
  are spatial variances which establish the dimension of the RF in the preferred 

and non-preferred orientations.  

Gini Index selects features based on information theories [12]. It measures the impurity for a group of labels. Gini 

Index for a given set s  of points assigned to two classes 
1C  and 

2C is given below: 
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  occurs when points are 

equally distributed among all classes, which implies least interesting information. On the other hand, the minimum 0.0 

occurs when all points belong to one class which represents the most interesting information. We then sort the n 

features over different classes of samples in ascending order based on their best Gini index. Low Gini index 

corresponds to high ranking discriminative features. 

2.4   Classifier 

Once the features are identified by the Gini indexing which are the high rank discriminative features, we adopted 

Support Vector Machine for classification. Support Vector Machine was originally a linear classifier based on optimal 

hyperplane algorithm developed by Vapnik in 1963 [10].  In 1992, Bernhard Boser, Isabelle Guyon and Vapnik 

successfully apply kernel method to a maximum-margin hyperplane and build a non-linear classifier [11]. In 1995, 

Cortes and Vapnik [12] suggested a soft margin classifier which is a modified maximum margin classifier that allow for 

misclassified data. If there is no hyperplane that can separate the data into two classes, the soft margin classifier selects 

a hyperplane that separates the data as cleanly as possible with maximum margin. 

     Support vector machines belong to a family of generalized linear classifiers. It is a classification and regression 

prediction tool that maximises the predictive accuracy using machine learning theory. Support vector machines can be 

defined as systems which use hypothesis space of a linear functions in a high dimensional feature space, trained with a 

learning algorithm from optimization theory that implements a learning bias derived from statistical learning theory 

(SLT) [13]. SVM becomes famous when, using pixel maps as input; it gives accuracy comparable to sophisticated 

neural networks with elaborated features in a handwriting recognition task  [14]. SVM embodies the Structural Risk 

Minimization (SRM) principle, which has been shown to be superior [15] to traditional Empirical Risk Minimization 

(ERM) principle used by conventional neural networks. SRM minimizes an upper bound on the expected risk, where as 
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ERM minimizes the error on the training data. It is this difference which equips SVM with a greater ability to 

generalize, which is the goal in statistical learning.  

3   Experimental Results and Discussion 

In this section, we assess the performance of the road sign locator. A total of 200 samples are being used for testing and 

training with 100 road sign pictures and 100 non-road sign pictures. The dataset is divided into three stratified cross-

validation sets of training and testing. Training set is made up of one third of the data, whereas testing set is made up of 

the remaining two third. The class distribution is maintained. We use images of different nature in the experiments, road 

sign and non road sign samples for training.  For non-road sign samples, we collected different pictures, which include 

natural scenery pictures, animal‟s pictures, flower‟s pictures and etc. For the road sign samples, we used self-collected 

road sign database [16]. 

     The input image is first input to the road sign locator. After derivative filtering, road sign region will be cropped 

out as region of interest. Figure 2 shows the intermediate pictures of original road sign undergoes edge processing and 

the red components extracted. Figure 3 and 4 shows the RGB components of images. The three major components 

display differences for road sign and non-road sign. The plots show distinctively different shapes are formed in the three 

attributes. Our experiments suggest that these three sub-components crucially determine if there is any road sign exists 

in the picture.  

  We previously described the use of derivative filters in conjunction with support vector machine. Table I shows the 

results. The first column shows the accuracy, followed by Precision, Recall, Specificity, AUC, and BAC. We achieve 

average accuracy of 95% and AUC 97%. In a Receiver Operating Characteristic (ROC) curve the sensitivity (true 

positive rate) is plotted in function of false positive rate (i.e. specificity) for different cut-off points. A test with perfect 

discrimination (no overlap in the two distributions) has a ROC plot that passes through the upper left corner. Therefore 

the closer the ROC plot is to the upper left corner, the higher the overall accuracy of the test. As shown in Figure 4(c) is 

the ROC curve of road sign data. It provides good curve for all data as shown. 

 

 
(a)                    (b)                          (c) 

Figure 2 Road Sign Intermediate Images (a) Original road sign for no right turn (b) Edges of 

road sign (c) Red component of road sign 

 

(a)                    (b)                          (c) 

Figure 3 Scatter plots of RGB components for road sign (a) red versus green (b) blue versus 

green (c) red versus blue 

 

 
(a)                   (b)                          (c) 
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Figure 4 (a) 3D critical points RGB components of non road sign (b) 3D critical points RGB 

components of road sign pictures (c) ROC of Road Sign 

Table 1.  Performance Metrics Support Vector Machine   

Road Sign Accuracy Precision Recall^ Specificity AUC+ BAC* 

NLT 0.9874 0.9357 0.9776 0.9890 0.9925 0.9833 

NRT 0.9738 0.9078 0.9143 0.9840 0.9678 0.9492 

SL50 

SL90 

Stop 

Average 

0.9203 

0.8973 

0.9895 

0.9537 

0.7950 

0.7534 

0.9638 

0.8711 

0.8756 

0.8992 

0.9907 

0.9315 

0.9335 

0.8966 

0.9892 

0.9585 

0.9482 

0.9394 

0.9966 

0.9689 

0.9045 

0.8979 

0.9899 

0.9450 
^
Recall=Sensitivity;  

+
Area under curve;  

*
Balanced Accuracy=(sensitivity+specificity)/2 

4   Conclusion 

In this paper, we propose a system that synergizes the use of derivative filtering and Weighted Naïve Bayesian 

localization. First, it locates the edge of road sign through Gaussian derivatives, Laplacian derivatives and filter out 

non-road sign images using Adaboost. Next, the feature locator finds crucial points for subsequent feature extraction 

processing. Finally, the meaningful features are classified into the corresponding classes. The images in used are under 

normal environment with reasonable background lightings. The road sign with less than 10% occlusion are still 

detectable by the system. In future, we would investigate other more challenging road sign like occluded road signs and 

poorly illuminated road signs. 

References 

1. P. Paclik. (1999). The road sign recognition groups in the world. Available:  http://euler.fd.cvut.cz/research/rs2/other.html  

2. P. Paclik, J. Novovicova, P. Pudil, and P.Somol, “Road Sign Classification using the Laplace Kernel Classifier,” Pattern 

Recognition Letters, 21 (13-14) 1165-1173, 2000. 

3. M. Lalonde and Y. Li, “Road sign recognition–Survey of the state of art,” Technical Report for Sub-Project 2.4, Centre de 

recherche informatique de Montreal, CRIM-IIT-95/09-35, 1995. 

4. G. Loy and N. Barnes, “Fast shape-based road sign detection for a driver assistance system,” in Proc. IEEE/RSJ Int. Conf. on 

Intelligent Robots and Systems, vol. 1, 2004, pp. 70–75. 

5. P. Paclik. (1999). Road sign recognition survey. Available:  http://euler.fd.cvut.cz/research/rs2/files/skoda-rs-survey.html  

6. D.L. Kellmeyer, and H.T. Zwahlen, “Detection of Highway Warning Signs in Natural Video Images Using Color Image 

Processing and Neural Networks,” Proc. IEEE Int. Conf. on Neural Networks, 7: 4226 – 4231, 1994. 

7. X. Gao, N. Shevtsova, K.Hong, S.Batty, L. Podladchikova, A.Golovan, D. Shaposhnikov, V. Gusakova, “Vision Models Based 

Identification of Traffic Signs,” Proc. of the 1st Europ. Conf. on Color in Graphics, Image and Vision, France, 47-51, 2002. 

8. D.M. Gavrila and V. Philomin, “Real-time object detection for smart vehicles,” Proc. of IEEE Int. Conf. on Computer Vision, 

Greece, 87-93, 1999. 

9. P. Paclik and J. Novovicova, “Road Sign Classification without Colour Information,” Proc. of 6th Conf. of Advaced School of 

Imaging and Computing, ASCI, Lommel, Belgium, 2000. 

10. B. Schiele. „Object Recognition using Multidimensional Receptive Field Histograms‟, PhD thesis, I.N.P.Grenoble, July 1997. 

11. Azriel Rosenfeld, Avinash C. Kak, „Digital picture processing‟,Vol.1 1982, Academic Press 

12. Li Jin Yan „CE7405: Data Mining Lecture 8, Classification II‟, Feb 13, 2008 (AY2007-08, semester 2, NTU),  5 Mar. 2008 pp. 

8-22 

13.Yoav Freund and Robert E. Schapire. „Experiments with a new boosting algorithm‟ In Machine Learning: Proceedings of the 

Thirteenth International Conference, pp 148–156,1996 

14.Yoav Freund and Robert E. Schapire. „Game theory, on-line prediction and boosting‟. In Proceedings of the Ninth Annual 

Conference on Computational Learning Theory, pp 325–332, 1996. 

15.Yoav Freund and Robert E. Schapire. „A decision-theoretic generalization of on-line learning and an application to boosting‟, 

Journal of Computer and System Sciences, 55(1):119–139,August 1997 

16.Yok-Yen Nguwi and Siu-Yeung Cho, “Emergent Self-Organizing Feature Map for Recognizing Road Sign Images”, Neural 

Computing and Applications (ISI impact factor: 0.812), 19 (4), pp. 601-615, 2010 

   

 

40

Volume 12, No. 4 Australian Journal of Intelligent Information Processing Systems



Analyzing differences between Gabor functions and ICA filters
learned from natural scenes
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Abstract. It is known that applying independent component analysis on natural scenes spans filters
similar to real-valued Gabor functions. In this work, we investigate what are the actual differences between
ICA filters and Gabor functions. Firstly, we assume a simple model where ICA filters can be represented
as the convolution of a Gabor component with an unknown function. Then, after estimating the Gabor
component, we analyze how the ICA filters and their Gabor components differ in energy distribution and
individual coding behavior. We found that similar to V1 receptive fields, ICA filters compensate for power
spectrum of the input signal. However, their Gabor components do not preserve this property due to
differences in energy distribution. On the other hand, the analysis of coding behavior for individual of ICA
filters and Gabor components shows that there are relative small differences when using objective measures
of sparseness and reconstruction error.

1 Introduction

The independent component analysis (ICA) of natural scenes yields filters similar to Gabor functions1. These
functions are known by their fine sampling of the space-frequency conjoint domain. This space-frequency tradeoff
is likely an important property of Gabor functions regarding efficient coding of natural scenes. In fact, it has
been shown that such images contain features that are localized in both space and frequency2.

In this way, the analysis of ICA filters learned from natural scenes has been largely focused on their Gabor-
like structure. Indeed, it has been shown that a Gabor fitting can account for 92% of the variance of filters
estimated by sparse coding3, which is closely related to ICA. However, little attention has been given to identify
what are the real differences between these filters and Gabor functions, and how important these differences are
for the efficient coding of natural scenes.

There are several motivations for those questions. Firstly, to provide a better understanding of how to encode
the structure of natural scenes efficiently. Secondly, to improve the current model of receptive fields for simple
cells found in the primary visual cortex (V1).

In respect to the last motivation, there has been three interesting communications4,5,6 that followed in
response to the paper titled “Do Gabor functions provide appropriate descriptions of visual cortical receptive
fields?”7. In that work, the authors argued that real-valued Gabor functions would not minimize the space-
frequency joint uncertainty, and therefore, there was no strong reason to choose Gabor functions over any other
real-valued functions of similar shape such as Gaussian derivatives.

The communications that followed pointed out several errors in proofs in that paper which results were
therefore incorrect. However, the discussion highlighted relevant matters to neural coding and vision research.
For instance, it was questioned whether the capacity of minimizing space-frequency joint uncertainty is sufficient
to produce efficient codes. In fact, it is known that the spatial and frequency characteristics of the optimal filter
is determined by the specific structure of the stimulus and that different type of stimuli require different filters
in order to be efficiently encoded8.

In order to provide more information on this discussion subject, we extend the analysis provided in Ref. 3.
Specifically, we investigate the characteristics of the residuals between ICA filters and their Gabor fits. Firstly,
we analyze how filters and fits differ in their energy distributions, and we correlate these differences with the
energy distribution of natural scenes. Secondly, we investigate how these differences can change the role of each
filter when coding natural images. We also examine whether or not intrinsic estimation errors from the fitting
algorithm can account for the observed differences between ICA filters and their fits.

2 Methods

A 2D real-valued Gabor function g(x, y) is described as the product between a Gaussian envelope and a Cosine
component, i.e.,

g(x, y) = a · e 1
2

[(
x−xc

σx

)2
−
(

y−yc
σy

)2]
· cos[2π · f · (x− xc) + φ], (1)
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where xc, yc are the center position coordinates; σx, σy represent the horizontal and vertical lengths and f, φ
are the frequency and phase of the Cosine grating. The direction of oscillation of the Cosine grating determines
the orientation θ of the Gabor function, which for Eq. 1 correspond to the normal.

Since the real difference between ICA filters learned from natural scenes and real-valued Gabor functions is
still unknown, we assume that an ICA filter wi(x, y) can be described as

wi(x, y) = gi(x, y) ∗ hi(x, y) + ni(x, y), (2)

where gi(x, y) is a Gabor function, hi(x, y) is an unknown function that deforms the Gabor component and
ni(x, y) is an additive signal of unknown density distribution.

Here, we estimate the Gabor component gi(x, y) by fitting a Gabor function through a gradient-descent
based method3. As data fitting normally involves estimation errors, we also determine later the relevance of
intrinsic errors of the fitting algorithm to the analysis.

The objective of this work is to analyze how the Gabor component of an ICA filter is modified by the
functions hi(x, y) and ni(x, y). The proper estimation of these functions, however, is propose as theme of future
research.
2.1. Independent component analysis.
For a set of input signals x1,x2, . . . ,xl represented by the columns of a matrix X, the ICA model can be written
as

Y = WX, (3)

where rows of W and Y represent respectively adaptive filters w1,w2, . . . ,wm and their responses y1,y2, . . . ,ym

to the input set. The goal of ICA is to adapt the set of filters that have maximally mutually statistically
independent responses.

Another common description of the ICA model is found by inverting Eq. 3 so as to create a linear generative
model to represent the input, i.e.,

X = AS, (4)

where A = W−1, and its columns, a1,a2, . . . ,am, are normally called basis functions. The rows rows of S,
i.e., s1, s2, . . . , sm, which determine how each basis function is activated by the input, must also be maximally
mutually statistically independent.

In order to estimate W, we use the FastICA algorithm9 which works by firstly whitening the input set, and
then maximizing the negentropy of the response vectors. This is carried out under the constraint that the filters
have unity norm.
2.2. Gabor fitting.
The fitting method used here is described at Ref. 3. For a reference function wi(x, y), the fitting process is divided
in three steps. The first step is the estimation of parameters of the Gaussian envelope, i.e., a, xc, yc, σx, σy, θ.
In the second step, the parameters of the Cosine component of the Gabor function, i.e., f, φ are estimated
for a fixed Gaussian envelop with parameters estimated at the previous step. The orientation parameter is
optimized once more at this stage generating a new value θ“. The third step consists of a joint optimization of
the parameters using the previous estimated values as initial points. The new values a‘, x‘

c, y
‘
c, σ

‘
x, σ‘

y, f ‘, φ‘, θ“,
represent the parameters of the Gabor function that optimally describe the reference function wi(x, y).

In this work, we also apply the following constraints on the fits:

µg ← µw, stdg ← stdw, (5)

where µg, µw and stdg, stdw are mean values and standard deviations of g(x, y) and w(x, y) respectively. It is
important to note that (5) does not alter the shape of the fits since they are just a translation and a scaling
transformation.

As in the case of ICA filters, i.e., rows of W, let us represent the fitted Gabor components as the rows of a
matrix G.
2.3. Analyzing coding behavior.
Here we compare the coding behavior of ICA filters to that of the Gabor components. According to the formu-
lation (3), we firstly calculate the response of both ICA filters W and Gabor components G to a set of natural
images. Then, we measure the kurtosis values of the responses.

Secondly, we analyze the error when representing a set of natural images by using the generative model in
Eq. 4. For this, we firstly calculate the basis functions A either as W−1 (for ICA filters) or G−1 (for Gabor
components). We then estimate the activation coefficients by projecting the input X onto the basis functions
A, i.e., S = (ATA)−1ATX.

Now, assuming we use only k basis functions from the entire matrix A, we can define the error

ε(k) = X−AkS, (6)

where Ak contains only the k selected basis functions. Here, we use a matching pursuit type algorithm to choose
these k basis functions. The procedure can be described as follows:
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1. k=1;
2. Initialize the matrix Ak containing only the bias basis function as its first column;
3. For every basis function ai, compute ε(k + 1), where Ak+1 has ai as its k + 1th column;
4. Define the k + 1th column of Ak+1 as the basis function ai which minimizes ‖ε(k + 1)‖;
5. k = k + 1;
6. Repeat from step 2 to 6 until the desired number of selected basis functions is achieved;

The analysis in this section is similar to the one in Ref. 3. However, our methodology allow us to examine the
coding behavior of filters individually or when varying the number of basis functions.

3 Results

We have randomly selected 20 sets of ten natural scenes from the McGill Color Image Database10. From each
set, we have extracted 100.000 image patches of 16 x 16 pixels at random. These 20 groups of the images pacthes
were used as input sets for the ICA algorithm. For each input set, we have learned the 256 filters generated
by the FastICA algorithm. In total we have generated 5100 ICA filters and 20 bias vectors (one for each set of
filters).

Figure 1.A shows examples of ICA filters and their corresponding Gabor components. We have also calculated
the signal-to-distortion between the ICA filters and their Gabor components. Figure 1.B shows the histogram
for the values of signal-to-distortion.
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Fig. 1. ICA filters and Gabor com-
ponents. (A) Examples of ICA filters
and their respective Gabor components.
(B) Histogram for signal-to-distortion ratio
(10 log10 ‖wi‖2/‖wi − gi‖2).

3.1. Energy distribution
In order to gain insight on the effect of hi(x, y) and ni(x, y) in Eq. (2), we compare the power spectrum of ICA
filters wi(x, y) with that of the Gabor components gi(x, y). It is important to analyze the power spectrum since
it has been noticed that V1 cels adaptively change their receptive fields so that to compensate for the energy
distribution of the input stimuli8. In other words, the adaptation increases or decreases sensitivity to under
or over-represented frequencies of the input. Here, we investigate whether or how well ICA filters and Gabor
components follow this energy compensation property.
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Fig. 2. Average power spectra of ICA filters and
Gabor components. (A) Power spectrum averaged
over all 5100 ICA filters. (B) Average power spectrum
for the Gabor components. In order to agree with ex-
periments of Ref. 8, the spatial profiles are calculated
as the average amplitude of the 2D Fourier spectra.

43

Volume 12, No. 4 Australian Journal of Intelligent Information Processing Systems



Figure 2 shows the average power spectra calculated over all 5100 ICA filters and their respective Gabor
components. For both power spectra, energy at horizontal and vertical orientations is lower than that of oblique
orientations at the same frequency. This characterizes the diamond shape of the energy curves. For ICA filters
this pattern is also preserved over the low-frequencies (center area of the power spectra). However, for the
Gabor components, the shape of the energy curves are more rounded indicating equivalency in energy over
different orientations. In order to confirm that the differences between the power spectra of ICA filters and
Gabor components are not due to intrinsic errors from the fitting algorithm itself, we have performed a second
analyzed described in Appendix A.
3.2. Sparseness and error of reconstruction
In this analysis, the input set consisted of 100.000 image patches extracted at random from 25 images which
were not used during learning of the ICA filters. Also, we have randomly selected one set of ICA filters and
corresponding Gabor components from the 20 learned sets. After calculating the responses vectors by using
Eq. (3), we have calculated their kurtosis values. Figure 3.A shows the kurtosis curves for ICA filters and their
respective Gabor components. The responses from ICA filters and those of Gabor components have very close
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Fig. 3. Kurtosis and reconstruction error when coding natural images (Blue) ICA filters. (Green) Gabor
components. (Red) Absolute error.

kurtosis values. The kurtosis of responses from Gabor components seem slightly higher. More importantly, the
kurtosis organization imposed on the filters is not preserved for the Gabor components.

In order to analyze the reconstruction error, we selected 20.000 image patches not used during learning. By
using the same set of ICA filters and Gabor components used in the sparseness analysis, we apply the procedure
described in section 2.3. Also to analyze the effect of the sparseness differences in Figure 3.A, the coefficients
in matrix S in Eq. 6 are uniformly quantized with 7 bits. Then, based on ‖ε(k)‖ we calculate the average
signal-to-distortion ratio over all image patches in function of the number k of selected basis functions. Figure
3.B shows the signal-to-distortion curves. The distortion curves shows that ICA filters produce less errors than
the Gabor fits.

4 Discussion

The average signal-to-distortion ratio between ICA filters and their Gabor component is 15 dB. In terms of
percentile error, this means that the Gabor components can account for more than 97% of the variance of
ICA filters. This is significantly high when compared to the 92% of explained variance for sparse coding filters3.
However, this does not imply that the ICA filters and those estimated by sparse coding have significant different
structures. Rather, differences in the implementation of the fitting algorithm are likely to be responsible for the
higher correspondence for ICA filters.

Although differences between ICA filters and Gabor components are relative small (less than 3%), they
exhibit distinct power distributions as shown in Figures 2.A to 2.D. Specially differences in forms of power
decay over low frequency areas. For instance, ICA filters have diamond-shaped energy curves towards the low
frequency center, whilst the curves for Gabor components are more rounded. Observe that the power decay
pattern in shape of diamond in fact correspond to the pattern of how energy increases over low frequencies in
the average power spectrum of natural images (See Figure 2 of Ref. 11).

This suggests that similar to the receptive fields of V1 cells, ICA filters can also compensate for the input
power spectra. More importantly, these results suggest that one of the effects of the functions hi(x, y) and
ni(x, y) in Eq. 2 is to provide a fine adjust of these low frequency areas in the Gabor components. This effect
may play an important role for neural coding but additional research is required to identify the actual goal of
such strategy. In fact, the analysis of coding behavior in Figure 3 shows that the differences between ICA filters
and Gabor components are not extremely high in terms of sparseness and reconstruction error.
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However, it is also necessary to investigate other aspects of coding behavior. For instance, the fact that the
kurtosis organization is not preserved for Gabor components in Figure 2.A suggests that an ICA filter can have
significantly different role than its Gabor component when encoding natural images. This is because kurtosis,
as a measure of sparseness, represents how often the filter is activated during coding. In this way, an input
image may activate a certain group of ICA filters but not their corresponding Gabor components. We expect
that further analysis, specifically the estimation of the functions hi(x, y) and ni(x, y) in Eq. 2, will be able to
explain and model the differences between ICA filters and real-valued Gabor functions.
Appendix A
Here show that the observed differences between ICA filters and their Gabor components are not due to estima-
tion errors intrinsic to the fitting algorithm. It is important to note that in case the intrinsic errors are relevant
to the analysis, firstly, fitting true Gabor functions should introduce significant differences in their power distri-
butions in relation to that of the original Gabor functions. Secondly, the second fit should also exhibit different
coding behavior from the original Gabor functions.

In this way, we perform a second fit, but now of the Gabor components. Then, we examine both power
distribution and coding behavior. Figure 5 shows the results.
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Fig. 4. Ground-truth. (A) Average power spectrum of
the Gabor components. (B) Average power spectrum of
a second fit for the Gabor components. (C) Analysis of
kurtosis values of responses. (D) Reconstruction error

One can see that, firstly, the fitting algorithm does not introduce distortions in the power spectrum such as
those seen in Figure 3. Secondly, the difference in coding behavior in terms of sparseness and reconstruction is
very low when compared to that shown in Figure 4.
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Abstract. The normalized cut criterion measures both the total dissimilarity between the different groups as well as 

the total similarity within the groups. These methods perform segmentation of the images through hierarchical 

partitioning instead of performing single flat partition. In this paper the normalized cuts method of segmentation is 

used to perform the segmentation of abnormal region from endoscopic images. The other image features such as 

image brightness, color and texture are considered while performing segmentation. The experimentation is carried out 

on 50 images containing tumor. The results of segmentation of tumor from the endoscopic images using the proposed 

method are very encouraging. 

Keywords: Endoscopy, color, Graph partitioning, abnormal, normalized cuts, texture. 

1   Introduction 

Gastro intestinal endoscopy is a medical procedure which captures the images from esophagus, stomach and duodenum. 

These images are better than that of the other tests, and in many cases endoscopy is superior to the other imaging 

techniques such as traditional x-rays and ultrasound images. A physician may use an endoscopy as a tool for diagnosing 

the disorders in the digestive tract, including disorders of the esophagus, stomach, small intestine, large intestine, anus, 

rectum and colon. Symptoms that may indicate the need for an endoscopy include swallowing difficulties, nausea, 

vomiting, reflux, bleeding, indigestion, abdominal pain, chest pain and a change in bowel habits. In some cases, a 

physician may use the endoscopy to obtain tissue samples for biopsy in a laboratory. A physician may also use the 

endoscopy to remove abnormal tissue such as polyps and tumors. In the conventional approach for the diagnosis of 

endoscopic images the visual interpretation by the physician is employed. The process of computerized visualization, 

interpretation and analysis of endoscopic images will assist the physician for identifying the abnormality in the images 

[1]. In this direction research is carried out for classifying the abnormal endoscopic images based on their properties 

like color, texture, structural relationships between the image pixels, etc. The method proposed by P. Wang et.al. [2] 

classifies the endoscopic images based on texture and neural network, where as the analysis of curvature for the edges 

obtained from the endoscopic images is proposed by Krishnan et.al.[3]. Hiremath et.al.[4] proposed a method to detect 

the possible presence of abnormality using color segmentation of the images based on 3σ-interval [5] for obtaining 

edges followed by curvature analysis. The watershed segmentation approach for classifying abnormal endoscopic 

images is proposed by Dhandra et.al. [6].  

Segmentation of medical images using energy minimization criteria gained popularity in the recent years. Dhandra et. 

al.[7] proposed the active contours using the level set method with energy minimization approach, which is also known 

as active contours without edges, for the segmentation and analysis of abnormality in the endoscopic images. This 

active contour approach segments the image by minimizing the contour energy E as proposed by chan et. al [8]. The 

graph cuts based active contours (GCBAC) segmented tumors and cancer growth regions from the endoscopic images 

[9]. This method is a combination of active contours and the optimization tool of graph cuts. It differs fundamentally 

from traditional active contours in that it uses graph cuts to iteratively deform the contour. 

The variations of the minimal spanning tree or limited neighborhood set approaches were used extensively in image 

segmentation. Although these approaches use efficient computational methods, the segmentation criteria used in most of 

them are based on local properties of the graph. Since perceptual grouping is about extracting the global impressions of 

a scene, this partitioning criterion often falls short of the main goal of utilizing local properties.   

In this paper normalized cuts based segmentation method proposed by Jianbo Shi et. al. [10] is applied for 

hierarchically partitioning the image to segment the tumor from endoscopic images. This method employs graph-

theoretic criterion for measuring the goodness of an image partition. To achieve better segmentation of the region of 

interest the other image features such are brightness, color and texture are used while performing hierarchical 

partitioning. The minimization of this criterion can be formulated as a generalized eigenvalue problem. The 

eigenvectors can be used to construct good partitions of the image and the process can be continued recursively as 

desired (Section 2). Section 3 gives a detailed explanation of the steps of grouping algorithm. In Section 4, experimental 

results are discussed. Section 5 presents the concluding remarks. 

46

Volume 12, No. 4 Australian Journal of Intelligent Information Processing Systems



2   Graph partitioning by grouping 

A graph G = (V, E) can be partitioned into two disjoint sets A and B, such that ,VBA   and BA , by simply 

removing edges connecting the two parts. The degree of dissimilarity between these two pieces can be computed as total 

weight of the edges that have been removed. This is called as the cut in graph theoretic language: 






BvAu

vuwBAcut

,

),(),(

 

 

(1) 

By minimizing this cut value the optimal bi-partitioning of a graph can be achieved. Although there are an 

exponential number of such partitions, finding the minimum cut of a graph is a well-studied problem and there exist 

efficient algorithms for solving it. 

Wu and Leahy [11] proposed a clustering method based on this minimum cut criterion. In particular, they seek to 

partition a graph into k-sub graphs such that the maximum cut across the subgroups is minimized. This problem can be 

efficiently solved by recursively finding the minimum cuts that bisect the existing segments. As shown in Wu and 

Leahy's work, this globally optimal criterion can be used to produce good segmentation on some of the images. 

However, as Wu and Leahy also noticed in their work, the minimum cut criteria favors cutting small sets of isolated 

nodes in the graph. This is not surprising since the cut defined in eqn. (1) increases with the number of edges going 

across the two partitioned parts. Fig. 1 illustrates one such case. Assuming the edge weights are inversely proportional 

to the distance between the two nodes, we see the cut that partitions out node n1 or n2 will have a very small value. In 

fact, any cut that partitions out individual nodes on the right half will have smaller cut value than the cut that partitions 

the nodes into the left and right halves. 

To avoid this unnatural bias for partitioning out small sets of points, a new measure of disassociation between two 

groups is introduced. Instead of looking at the value of total edge weight connecting the two partitions, this measure 

computes the cut cost as a fraction of the total edge connections to all the nodes in the graph. This disassociation 

measure is called as the normalized cut (Ncut): 

),(

),(

),(

),(
),(

VBassoc

BAcut

VAassoc

BAcut
BANcut   

(2) 

where  
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),(),(  is the total connection from nodes in A to all nodes in the graph and assoc(B, V) 

is similarly defined.  

 

Fig. 1. A case where minimum cut gives a bad partition. 

 

With this definition of the disassociation between the groups, the cut that partitions out small isolated points will no 

longer have small Ncut value, since the cut value will almost certainly be a large percentage of the total connection from 

that small set to all other nodes. In the case illustrated in Fig. 1, it can be noticed that the cut1 value across node n1 will 

be 100 percent of the total connection from that node. 

In the same way, a measure for total normalized association within groups for a given partition can be described as: 
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where assoc(A, A) and assoc(B, B) are total weights of edges connecting nodes within A and B, respectively. Again 

this is an unbiased measure, which reflects how tightly on average nodes within the group are connected to each other.  
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Let  j
jiwid ),()(  be the total connection from the node i to all other nodes. Let D be an N×N diagonal matrix 

with d on its diagonal, W be an N × N symmetric matrix with W(i, j) = w(i, j). Then it turns out that we can minimize 

Ncut(A, B) by 
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(4) 

Note that the above expression is Rayleigh quotient [12]. If y is relaxed to take real values, the above equation can be 

minimized by solving the generalized eigenvalue system, 

DyyWD  )(  (5) 

Interestingly, the second smallest eigenvector y gives the solution of the normalized cut problem. 

3   The Grouping Algorithm 

The grouping algorithm can be described as follows:  

Step 1: 

Construct an N × N symmetric similarity matrix W as: 
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and X(i) is the spatial location of node i, i.e., the coordinates in the original image I, and F(i) is a feature vector 

defined as: 

 F(i) = 1 for segmenting point sets, 

 F(i) = I(i), the intensity value, for segmenting brightness (gray scale) images, 

 F(i) = [v, v · s · sin(h), v · s · cos(h)](i), where h, s, v are the HSV values, for color segmentation, 

 F(i) = [|I * f1|, ...., | I * fn|](i), where the fi are DOOG filters at various scales and orientations, as used in [13], 

for texture segmentation. 

Let  j
jiwid ),()(  be the total connection from the node i to all other nodes. Construct an N × N diagonal matrix 

D with d on its diagonal. 

Step 2 

Solve a generalized eigensystem, 

(D −W)y = λDy, (7) 

and get an eigenvector with the second smallest eigenvalue.  

Step 3 

Use the eigenvector to bipartition the graph. In the ideal case, the eigenvector should only take on two discrete 

values, and the signs tell us exactly how to partition the graph (A = {Vi|yi > 0}, B = {Vi|yi <= 0}). 

However, y is relaxed to take real values; therefore, a splitting point is needed to be chosen. There are several ways 

such as: 

 Take 0 

 Take median 

 Search a splitting point which results in that ),( BANcut is minimized. 

The splitting point which minimizes Ncut value also minimizes 

Dyy

yWDy
T

T )( 
 

(8) 
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where y = (1 + X) − b(1 − X), b = k/(1 − k) and 


 



i
i

x
i

d

d
k i 0

 

where X is an N dimensional indicator vector, xi = 1 if node i is in A and -1, otherwise. 

To find the minimal Ncut, we need to try different values of splitting points. The optimal splitting point is generally 

around the mean value of the obtained eigenvector.  

 

Step 4 

Repeat bipartition recursively. Stop if Ncut value is larger than a pre-specified threshold value. Large Ncut value 

means that there is no clear partition point any more. Furthermore, stop if the total number of nodes in the partition 

(Area) is smaller than a pre-specified threshold value. 

4   Results 

The Olympus V70 endoscopic equipment is used for capturing the image. For the implementation of this paper 

Matlab software release 7.0 is used. Experimentation is carried out on 50 endoscopic color images with no lumen 

region.  

Figure 2 shows the segmentation process by the proposed method. The original endoscopic color image selected for the 

segmentation is shown in Fig. 2(a). The edges obtained by the proposed segmentation method are as shown in Fig. 2(b). 

Fig. 2(c) shows the segmented image. The coefficients used to compute the similarity weight matrix are σI = 5.0, σX = 

4.0 and the coefficient used for computing similarity matrix for the neighbourhood definition is γ = 1.5. The number of 

segments generated is from the proposed segmentation are limited to five since higher value generates larger number of 

segments leading to deviation from the tumor region and lower number of segments leads to improper  or incomplete 

segmentation, failing in identifying tumor. 

     

(a)                                (b)                               (c) 

Fig. 2. Segmentation of image using proposed method. (a) Input image, (b) Grayscale image and (c) image after segmentation 

       

       

Fig. 3. Segmentation of tumor from endoscopic color images showing original images and corresponding segmented images 
Figure 3 shows the segmentation results carried out on three endoscopic images with original color endoscopic 

images and images after segmentation. 
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5   Conclusion 

The segmentation adapted in this paper is based on normalized cuts partitioning method proposed by Jianbo Shi et. al. 

[10]. The normalized cut criterion measures both the total dissimilarity between different groups as well as the total 

similarity within the groups. Also the normalized cut is an unbiased measure of disassociation between subgraphs of a 

graph and it has a nice property that minimizing normalized cuts leads directly to maximizing the normalized 

association, which is an unbiased measure for total association within the subgroups. The generalized eigenvalue system 

used in this paper provides a real valued solution in developing an efficient algorithm for computing the minimum 

normalized cut. The algorithm also utilizes other image features like color, texture and brightness. The segmentation 

results using the proposed method are very encouraging. 
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