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ABSTRACT 
Recently, fast neural networks for object/face detection were presented 
in [1-3]. The speed up factor of these networks based on cross 
correlation in the frequency domain between the input image and the 
weights of the hidden layer. But, these equations given in [1-3] for 
conventional and fast neural networks are not valid for many reasons 
presented here. In this paper, correct equations for cross correlation in 
the spatial and frequency domains are presented. Furthermore, correct 
formulas for the number of computation steps required by 
conventional and fast neural networks given in [1-3] are introduced. A 
new formula for the speed up ratio is established. Also, corrections for 
the equations of fast multi scale object/face detection are given. 
Moreover, commutative cross correlation is achieved. Simulation 
results show that sub-image detection based on cross correlation in the 
frequency domain is faster than classical neural networks. 

1. INTRODUCTION 

Pattern detection is a fundamental step before pattern recognition. Its 
reliability and performance have a major influence in a whole pattern 
recognition system. Nowadays, neural networks have shown very 
good results for detecting a certain pattern in a given image [7,20]. But 
the problem with neural networks is that the computational complexity 
is very high because the networks have to process many small local 
windows in the images [4,19]. The authors in [1-3] have proposed a 
multilayer perceptron (MLP) algorithm for fast object/face detection. 
The same authors claimed incorrect equation for cross correlation 
between the input image and the weights of the neural networks. They 
introduced formulas for the number of computation steps needed by 
conventional and fast neural networks. Then, they established an 
equation for the speed up ratio. Unfortunately, these formulas contain 
many errors which lead to invalid speed up ratio. Other authors 
developed their work based on these incorrect equations [5-18],[20-
30]. So, the fact that these equations are not valid must be cleared to 
all researchers. It is not only very important but also urgent to notify 
other researchers not to waste their time and effort doing research 
based on wrong equations. The main objective of this paper is to 
correct the formulas of cross correlation as well as the equations which 
describe the computation steps required by conventional and fast 
neural networks presented in [1-3]. Some of these wrong equations 
were corrected in our previous publications [6-18],     [20-30]. Here, 
all of these errors are corrected. In section 2, fast neural networks for 
object/face detection are described. Comments on conventional neural 
networks, fast neural networks, and the speed up ratio of object/face 
detection are presented in section 3. 

 
2. FAST OBJECT/FACE DETECTION USING MLP AND FFT 

In [1-3], a fast algorithm for object/face detection based on two 
dimensional cross correlations that take place between the tested 

image and the sliding window (20x20 pixels) was described. Such 
window is represented by the neural network weights situated between 
the input unit and the hidden layer. The convolution theorem in 
mathematical analysis says that a convolution of f with h is identical to 
the result of the following steps: let F and H be the results of the 
Fourier transformation of f and h in the frequency domain. Multiply F 
and H in the frequency domain point by point and then transform this 
product into spatial domain via the inverse Fourier transform. As a 
result, these cross correlations can be represented by a product in the 
frequency domain. Thus, by using cross correlation in the frequency 
domain a speed up in an order of magnitude can be achieved during 
the detection process [1-3].      

In the detection phase, a sub image I of size mxn (sliding window) is 
extracted from the tested image, which has a size PxT, and fed to the 
neural network. Let Wi be the vector of weights between the input sub 
image and the hidden layer. This vector has a size of mxn and can be 
represented as mxn matrix. The output of hidden neurons h(i) can be 
calculated as follows:  ���
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where g is the activation function and b(i) is the bias of each hidden 
neuron (i). Eq.1 represents the output of each hidden neuron for a 
particular sub-image I. It can be computed for the whole image Ψ as 
follows: 
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Eq.2 represents a cross correlation operation. Given any two functions 
f and g, their cross correlation can be obtained by [2]: 
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Therefore, Eq.2 may be written as follows [1,2]: ( )ibiWgih +Ψ⊗=                   (4) 

where hi is the output of the hidden neuron (i) and hi (u,v) is the 
activity of the hidden unit (i) when the sliding window is located at 
position (u,v) in the input image Ψ and (u,v) ∈[P-m+1,T-n+1].  

Now, the above cross correlation can be expressed in terms of the 
Fourier Transform: 

( ) ( )( )iW*FF1FiW •Ψ−=⊗Ψ           (5) 



Hence, by evaluating this cross correlation, a speed up ratio can be 
obtained comparable to conventional neural networks. Also, the final 
output of the neural network can be evaluated as follows:  ���
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where q is the number of neurons in  the hidden layer. O(u,v) is the 
output of the neural network when the sliding window located at the 
position (u,v) in the input image Ψ. The authors in [1-3] analyzed their 
proposed fast neural network as follows: For a tested image of NxN 
pixels, the 2D-FFT requires O(N2(log2N)2) computation steps. For the 
weight matrix Wi, the 2D-FFT can be computed off line since these 
are constant parameters of the network independent of the tested 
image. The 2D-FFT of the tested image must be computed. As a 
result, q backward and one forward transforms have to be computed. 
Therefore, for a tested image, the total number of the 2D-FFT to 
compute is (q+1)N2(log2N)2. In addition, the input image and the 
weights should be multiplied in the frequency domain. Therefore, 
computation steps of (qN2) should be added. This yields a total of 
O((q+1)N2(log2N)2+qN2) computation steps for the fast neural 
network. Using sliding window of size nxn, for the same image of 
NxN pixels, qN2n2 computation steps are required when using 
traditional neural networks for the face detection process. The 
theoretical speed up factor η can be evaluated as follows [1]: 
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III. COMMENTS ON FAST NEURAL NET PRESENTED FOR 
OBJECT/ FACE DETECTION 

The speed up factor introduced in [1] and given by Eq.7 is not correct 
for the following reasons: 
1- The number of computation steps required for the 2D-FFT is 
O(N2log2N

2) and not O(N2log2N) as presented in [1,2].  Also, this is 
not a typing error as the curve in Fig.2 in [1] realizes Eq.7, and the 
curves in Fig.15 in [2] realizes Eq.31 and Eq.32 in [2]. 
2- Also, the speed up ratio presented in [1] not only contains an error 
but also is not precise. This is because for fast neural networks, the 
term (6qN2) corresponds to complex dot product in the frequency 
domain must be added. Such term has a great effect on the speed up 
ratio. Adding only qN2 as stated in [2] is not correct since a one 
complex multiplication requires six real computation steps. 
3- For conventional neural networks, the number of operations is 
(q(2n2-1)(N-n+1)2) and not (qN2n2). The term n2 is required for 
multiplication of n2 elements (in the input window) by n2 weights 
which results in another new n2 elements. Adding these n2 elements, 
requires another (n2-1) steps. So, the total computation steps needed 
for each window is (2n2-1). The search operation for a face in the 
input image uses a window with nxn weights. This operation is done at 
each pixel in the input image. Therefore, such process is repeated (N-
n+1)2 times and not N 2 as stated in [1,3]. 
4- Before applying cross correlation, the 2D-FFT of the weight matrix 
must be computed. Because of the dot product, which is done in the 
frequency domain, the size of weight matrix should be increased to be 
the same as the size of the input image. Computing the 2D-FFT of the 
weight matrix off line as stated in [1-3] is not practical. In this case, all 
of the input images must have the same size. As a result, the input 

image will have only a one fixed size. This means that, the testing time 
for an image of size 50x50 pixels will be the same as that image of 
size 1000x1000 pixels and of course, this is unreliable. So, another 
number of complex computation steps to perform 2D-FFT for (NxN) 
matrix should be added to the complex number of computation steps 
(σ) required by the fast neural networks as follows:      

   σ=((2q+1)(N2log2N
2) + 6qN2)                     (8) 

This will increase the computation steps required for the fast neural 
networks especially when q is more than one neuron. 
5- It is not valid to compare number of complex computation steps by 
another of real computation steps directly. The number of computation 
steps given by pervious authors [1-3] for conventional neural networks 
is for real operations while that is required by the fast neural networks 
is for complex operations. To obtain the speed up ratio, the authors in 
[1-3] have divided the two formulas directly without converting the 
number of computation steps required by the fast neural networks into 
a real version. It is known that the two dimensions Fast Fourier 
Transform requires (N2/2)log2N

2 complex multiplications and 
N2log2N

2 complex additions. Every complex multiplication is realized 
by six real floating point operations and every complex addition is 
implemented by two real floating point operations. Therefore, the total 
number of computation steps required to obtain the 2D-FFT of an 
NxN image is: 

ρ=6((N2/2)log2N2) + 2(N2log2N
2)              (9) 

which may be simplified to: 
ρ=5(N2log2N

2)                       (10) 
6- For the weight matrix to have the same size as the input image, a 
number of zeros = (N2-n2) must be added to the weight matrix. This 
requires a total real number of computation steps = q(N2-n2) for all 
neurons. Moreover, after computing the 2D-FFT for the weight 
matrix, the conjugate of this matrix must be obtained. So, a real 
number of computation steps =qN2 should be added in order to obtain 
the conjugate of the weight matrix for all neurons. Also, a number of 
real computation steps equal to N is required to create butterflies 
complex numbers (e-jk(2Πn/N)), where 0<K<L. These (N/2) complex 
numbers are multiplied by the elements of the input image or by 
previous complex numbers during the computation of 2D-FFT. To 
create a complex number requires two real floating point operations. 
Thus, the total number of computation steps required by the fast neural 
networks is: 

σ=((2q+1)(5N2log2N
2) +6qN2+q(N2-n2)+qN2 +N )     (11) 

which can be reformulated as: 

σ=((2q+1)(5N2log2N
2) +q(8N2-n2) +N )        (12) 

Therefore, the correct speed up ratio is as follows:  
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The correct theoretical speed up ratio with different sizes of the input 
image and different in size weight matrices is listed in   Table 1. 
Practical speed up ratio for manipulating images of different sizes and 
different in size weight matrices is listed in Table 2 using 700 MHz 
processor and Matlab ver 5.3. 
7- Furthermore, there are critical errors in Eq.3 and Eq.4 (which is 
Eq.4 in [1] and also Eq.13 in [2]). Eq.3 is not correct because the 
definition of cross correlation is: 
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and then Eq.4 must be written as follows: 

 ( )ibiWgih +⊗Ψ=                 (15) 

Therefore, the cross correlation in the frequency domain given by Eq.5 
does not represent Eq.4. This is because the fact that the operation of 
cross correlation is not commutative (W⊗Ψ $  Ψ⊗W). As a result, 
Eq.4 does not give the same correct results as conventional neural 
networks. This error leads the researchers in [21-30] who consider the 
references [1-3] to think about how to modify the operation of cross 
correlation so that Eq.4 can give the same correct results as 
conventional neural networks. Therefore, errors in these equations 
must be cleared to all the researchers. In [21-30], the authors proved 
that a symmetry condition must be found in input matrices (images 
and the weights of neural networks) so that fast neural networks can 
give the same results as conventional neural networks. In case of 
symmetry W⊗Ψ=Ψ⊗W, the cross correlation becomes commutative 
and this is a valuable achievement. In this case, the cross correlation is 
performed without any constrains on the arrangement of matrices. As 
presented in [22-30], this symmetry condition is useful for reducing 
the number of patterns that neural networks will learn. This is because 
the image is converted into symmetric shape by rotating it down and 
then the up image and its rotated down version are tested together as 
one (symmetric) image. If a pattern is detected in the rotated down 
image, then, this means that this pattern is found at the relative 
position in the up image. So, if conventional neural networks are 
trained for up and rotated down examples of the pattern, fast neural 
networks will be trained only to up examples. As the number of 
trained examples is reduced, the number of neurons in the hidden layer 
will be reduced and the neural network will be faster in the test phase 
compared with conventional neural networks.  
8- Moreover, the authors in [1-3] stated that the activity of each 
neuron in the hidden layer (Eq.4) can be expressed in terms of 
convolution between a bank of filter (weights) and the input image. 
This is not correct because the activity of the hidden neuron is a cross 
correlation between the input image and the weight matrix. It is known 
that the result of cross correlation between any two functions is 
different from their convolution. As we proved in [22-30] the two 
results will be the same, only when the two matrices are symmetric or 
at least the weight matrix is symmetric. 
9- Images are tested for the presence of a face (object) at different 
scales by building a pyramid of the input image which generates a set 
of images at different resolutions. The face detector is then applied at 
each resolution and this process takes much more time as the number 
of processing steps will be increased. In [1-3], the authors stated that 
the Fourier transforms of the new scales do not need to be computed. 
This is due to a property of the Fourier transform. If z(x,y) is the 
original and a(x,y) is the sub-sampled by a factor of 2 in each direction 
image then: 
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This implies that we do not need to recompute the Fourier transform 
of the sub-sampled images, as it can be directly obtained from the 

original Fourier transform. But experimental results have shown that 
Eq.17 is valid only for images in the following form: 
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In [1], the author claimed that the processing needs O((q+2)N2log2N) 
additional number of computation steps. Thus the speed up ratio will 
be [1]: 
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Of course this is not correct, because the inverse of the Fourier 
transform is required to be computed at each neuron in the hidden 
layer (for the resulted matrix from the dot product between the Fourier 
matrix in two dimensions of the input image and the Fourier matrix in 
two dimensions of the weights, the inverse of the Fourier transform 
must be computed). So, the term (q+2) in Eq.20 should be (2q+1) 
because the inverse 2D-FFT in two dimensions must be done at each 
neuron in the hidden layer. In this case, the number of computation 
steps required to perform 2D-FFT for the fast neural networks will be: 

ϕ=(2q+1)(5N2log2N
2)+(2q)(5)(N/2)2log2(N/2)2       (21) 

In addition, a number of computation steps equal to 
6q(N/2)2+q((N/2)2-n2)+q(N/2)2 must be added to the number of 
computation steps required by the fast neural networks. 

4. CONCLUSION 

It has been shown that the equations given in [1-3] for conventional 
and fast neural networks contain errors. The reasons for these errors 
have been proved. Correct equations for cross correlation in the spatial 
and frequency domains have been presented. Furthermore, correct 
equations for the number of computation steps required by 
conventional, and fast neural networks have been introduced. A new 
correct formula for the speed up ratio has been established. Also, 
correct equations for fast multi scale object/face detection have been 
given. Moreover, commutative cross correlation has been achieved by 
converting the non-symmetric input matrices into symmetric forms. 
Theoretical and practical results after these corrections have shown 
that fast neural networks requires fewer computation steps than  
conventional one. 
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Table 1: The theoretical speed up ratio for images with different    
sizes. 

Image size Speed up ratio 
(n=20) 

Speed up ratio 
(n=25) 

Speed up ratio 
(n=30) 

100x100 3.67 5.04 6.34 
200x200 4.01 5.92 8.05 
300x300 4.00 6.03 8.37 
400x400 3.95 6.01 8.42 
500x500 3.89 5.95 8.39 
600x600 3.83 5.88 8.33 
700x700 3.78 5.82 8.26 
800x800 3.73 5.76 8.19 
900x900 3.69 5.70 8.12 

1000x1000 3.65 5.65 8.05  

Table 2: Practical Speed up ratio for  images with different sizes Using 
MATLAB ver 5.3. 

Image size Speed up ratio 
(n=20) 

Speed up ratio 
(n=25) 

Speed up ratio 
(n=30) 

100x100 7.88 10.75 14.69 
200x200 6.21 9.19 13.17 
300x300 5.54 8.43 12.21 
400x400 4.78 7.45 11.41 
500x500 4.68 7.13 10.79 
600x600 4.46 6.97 10.28 
700x700 4.34 6.83 9.81 
800x800 4.27 6.68 9.60 
900x900 4.31 6.79 9.72 

1000x1000 4.19 6.59 9.46  


	Index
	EUSIPCO 2005

	Conference Info
	Welcome Messages
	Sponsors
	Committees
	Venue Information
	Special Info

	Sessions
	Sunday 4, September 2005
	SunPmPO1-SIMILAR Interfaces for Handicapped

	Monday 5, September 2005
	MonAmOR1-Adaptive Filters (Oral I)
	MonAmOR2-Brain Computer Interface
	MonAmOR3-Speech Analysis, Production and Perception
	MonAmOR4-Hardware Implementations of DSP Algorithms
	MonAmOR5-Independent Component Analysis and Source Sepe ...
	MonAmOR6-MIMO Propagation and Channel Modeling (SPECIAL ...
	MonAmOR7-Adaptive Filters (Oral II)
	MonAmOR8-Speech Synthesis
	MonAmOR9-Signal and System Modeling and System Identifi ...
	MonAmOR10-Multiview Image Processing
	MonAmOR11-Cardiovascular System Analysis
	MonAmOR12-Channel Modeling, Estimation and Equalization
	MonPmPS1-PLENARY LECTURE (I)
	MonPmOR1-Signal Reconstruction
	MonPmOR2-Image Segmentation and Performance Evaluation
	MonPmOR3-Model-Based Sound Synthesis ( I ) (SPECIAL SES ...
	MonPmOR4-Security of Data Hiding and Watermarking ( I ) ...
	MonPmOR5-Geophysical Signal Processing ( I ) (SPECIAL S ...
	MonPmOR6-Speech Recognition
	MonPmPO1-Channel Modeling, Estimation and Equalization
	MonPmPO2-Nonlinear Methods in Signal Processing
	MonPmOR7-Sampling, Interpolation and Extrapolation
	MonPmOR8-Modulation, Encoding and Multiplexing
	MonPmOR9-Multichannel Signal Processing
	MonPmOR10-Ultrasound, Radar and Sonar
	MonPmOR11-Model-Based Sound Synthesis ( II ) (SPECIAL S ...
	MonPmOR12-Geophysical Signal Processing ( II ) (SPECIAL ...
	MonPmPO3-Image Segmentation and Performance Evaluation
	MonPmPO4-DSP Implementation

	Tuesday 6, September 2005
	TueAmOR1-Segmentation and Object Tracking
	TueAmOR2-Image Filtering
	TueAmOR3-OFDM and MC-CDMA Systems (SPECIAL SESSION)
	TueAmOR4-NEWCOM Session on the Advanced Signal Processi ...
	TueAmOR5-Bayesian Source Separation (SPECIAL SESSION)
	TueAmOR6-SIMILAR Session on Multimodal Signal Processin ...
	TueAmPO1-Image Watermarking
	TueAmPO2-Statistical Signal Processing (Poster I)
	TueAmOR7-Multicarrier Systems and OFDM
	TueAmOR8-Image Registration and Motion Estimation
	TueAmOR9-Image and Video Filtering
	TueAmOR10-NEWCOM Session on the Advanced Signal Process ...
	TueAmOR11-Novel Directions in Information Theoretic App ...
	TueAmOR12-Partial Update Adaptive Filters and Sparse Sy ...
	TueAmPO3-Biomedical Signal Processing
	TueAmPO4-Statistical Signal Processing (Poster II)
	TuePmPS1-PLENARY LECTURE (II)

	Wednesday 7, September 2005
	WedAmOR1-Nonstationary Signal Processing
	WedAmOR2-MIMO and Space-Time Processing
	WedAmOR3-Image Coding
	WedAmOR4-Detection and Estimation
	WedAmOR5-Methods to Improve and Measures to Assess Visu ...
	WedAmOR6-Recent Advances in Restoration of Audio (SPECI ...
	WedAmPO1-Adaptive Filters
	WedAmPO2-Multirate filtering and filter banks
	WedAmOR7-Filter Design and Structures
	WedAmOR8-Space-Time Coding, MIMO Systems and Beamformin ...
	WedAmOR9-Security of Data Hiding and Watermarking ( II  ...
	WedAmOR10-Recent Applications in Time-Frequency Analysi ...
	WedAmOR11-Novel Representations of Visual Information f ...
	WedAmPO3-Image Coding
	WedAmPO4-Video Coding
	WedPmPS1-PLENARY LECTURE (III)
	WedPmOR1-Speech Coding
	WedPmOR2-Bioinformatics
	WedPmOR3-Array Signal Processing
	WedPmOR4-Sensor Signal Processing
	WedPmOR5-VESTEL Session on Video Coding (Oral I)
	WedPmOR6-Multimedia Communications and Networking
	WedPmPO1-Signal Processing for Communications
	WedPmPO2-Image Analysis, Classification and Pattern Rec ...
	WedPmOR7-Beamforming
	WedPmOR8-Synchronization
	WedPmOR9-Radar
	WedPmOR10-VESTEL Session on Video Coding (Oral II)
	WedPmOR11-Machine Learning
	WedPmPO3-Multiresolution and Time-Frequency Processing
	WedPmPO4-I) Machine Vision, II) Facial Feature Analysis

	Thursday 8, September 2005
	ThuAmOR1-3DTV ( I ) (SPECIAL SESSION)
	ThuAmOR2-Performance Analysis, Optimization and Limits  ...
	ThuAmOR3-Face and Head Recognition
	ThuAmOR4-MIMO Receivers (SPECIAL SESSION)
	ThuAmOR5-Particle Filtering (SPECIAL SESSION)
	ThuAmOR6-Geometric Compression (SPECIAL SESSION)
	ThuAmPO1-Speech, speaker and language recognition
	ThuAmPO2-Topics in Audio Processing
	ThuAmOR7-Statistical Signal Analysis
	ThuAmOR8-Image Watermarking
	ThuAmOR9-Source Localization
	ThuAmOR10-MIMO Hardware and Rapid Prototyping (SPECIAL  ...
	ThuAmOR11-BIOSECURE Session on Multimodal Biometrics (  ...
	ThuAmOR12-3DTV ( II ) (SPECIAL SESSION)
	ThuAmPO3-Biomedical Signal Processing (Human Neural Sys ...
	ThuAmPO4-Speech Enhancement and Noise Reduction
	ThuPmPS1-PLENARY LECTURE (IV)
	ThuPmOR1-Isolated Word Recognition
	ThuPmOR2-Biomedical Signal Analysis
	ThuPmOR3-Multiuser Communications ( I )
	ThuPmOR4-Architecture and VLSI Hardware ( I )
	ThuPmOR5-Signal Processing for Music
	ThuPmOR6-BIOSECURE Session on Multimodal Biometrics ( I ...
	ThuPmPO1-Multimedia Indexing and Retrieval
	ThuPmOR7-Architecture and VLSI Hardware ( II )
	ThuPmOR8-Multiuser Communications (II)
	ThuPmOR9-Communication Applications
	ThuPmOR10-Astronomy
	ThuPmOR11-Face and Head Motion and Models
	ThuPmOR12-Ultra wideband (SPECIAL SESSION)


	Authors
	All authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z
	Ö
	Ø

	Papers
	Papers by Session
	All papers

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	Copyright
	About
	Current paper
	Presentation session
	Abstract
	Authors
	Hazem Mokhtar El-Bakry



