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FACE DETECTION OF INTEGRAL IMAGE BY VIOLA-JONES METHOD

Research is devoted to investigate on human face detection by Viola-Jones method, the fastest and
effective methods of face detection. two Haar like features have been used to determine the area of the
eye, because it reduces the number of possible false positives in detecting these functions and increases
the accuracy of face detection. One of them measures the difference in intensity between the eye and
upper cheek area. The second function compares the intensity in the eye with intensity through the nose
bridge. It is shown that these two functions can determine the facial features with different sizes pattern.
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Buoaa-AXXoHC aaicimeH
MHTErpaAAbl CypeT apKbiAbl OeTTi aHbIKTay

KyMbIC GeTTi aHbIKTayAblH XXbIAAAM XXOHE TUIMAI dAiCTepiHiH 6ipi 60AbIN TabbiAaTbiH Broaa-
A>KOHC 8AiCi KemerimeH apam BeTiH AeTekTpAey 6oiblHLLA 3epTTeyre apHaAraH. Kes alfiMarbiH aHbIKTay
yLWiH eki Xaap byHKUMSCbI NansaaHbiAAbl, cebebi AeTekTpaey Ke3XiHae OYA yHKUMSAAAPADIH XKaAFaH
iCKe KOCbIAY CaHbl a3asiAbl XKaHe 6eTTepAi aHbIKTay ABAAIT apTaabl. OAapAblH Gipeyi ko3 ariMarbl MeH
6eTTiH, >KOFapFbl OOAIri apacbiHAAFbl KAPKbIHABIABbIKTbIH aibIpMaLLbIAbIFbIH OALLENAI. EKiHWI yHKums
K&3  aMaFblHAAFbl  KAPKbIHABIABIKTbI ~ MYPbIH  Kemipi  KAapKbIHAbIAbIFbIMEH  CAAbICTbIPAABI.
KepcetiareHaei, OyA eki (pyHKUMSHbIH KemeriMeH urypaHbiH apTYpPAi eAlleMAi cypetTeri 6er
KECKiHiH aHbIKTayFa 60AaAbI.

Ty#in ce3aep: Broaa-A>KOHC 8AiCi, MHTErpaAAbl cypeT, Xaap KackaAbl, 6eTTi aHbikTay, MatlLab.
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MUuTerpasbHoe M3obpakeHne
A€ETEeKTUPOBaHUU AULL MeTOAOM Buoabi-AxkoHca

PaboTa nocesieHa MCCAEAOBAHMIO MO AETEKTUPOBAHMIO YEAOBEYECKOrO AMLIA C MOMOLLIbIO METOAQ
BHOAbI-A>KOHCA, KOTOPbINA IBASETCS OAHUM M3 ObICTPbIX M 3DMEKTUBHBIX METOAOB OBHAPY XKEHUS AWML,
BbIAM MCMOAb30BaHbI ABe Xaap MOAOOHbLIX (PYHKUMU AAS OMpeAeAeHMst 06AacTM raas, Tak Kak
YMEHbLLAETCS KOAMYECTBO BO3MOXKHbIX AOXKHbIX CpabaTbiBaHMM 3TUX (DYHKLMM NPU AETEKTUPOBAHMM 1
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YBEAUYMBAETCS TOYHOCTb OnpeAeAeHns AL, OAHA M3 HUX M3MepSieT Pa3HULLY B MHTEHCUBHOCTU MEXAY
00AACTbIO TAA3 M BEpXHEN Lieku. BTopas yHKUMS CPAaBHMBAET MHTEHCMBHOCTU B OOAACTM rAa3 C
MHTEHCMBHOCTbIO Yepe3 MOCT Hoca. [lokazaHo, UTO C MOMOLBIO 3TUX ABYX (PYHKLMM MOXHO
OMNpeAeAnTb YepTbl AMLA C Pa3HbIMM pasMepamm PUCYHKa.

KAloueBble cAoBa:
ob6Hapy>eHue auu, MatLab.

Introduction

Face detection and recognition is an important
task of machine and computer vision. There are
many face detection algorithms [1-5]. One of the
fastest and effective methods of face detection is a
Viola-Jones method [6, 7]. This method is most
clearly different from previous approaches by its
ability to detect faces very quickly. The Viola-Jones
algorithm of a certain threshold value provides fast
detection and high accuracy. Average detection
accuracy is 97.41% as described in research [8]. A
large number of persons present in the image does
not affect the calculation time, as well as detection
speed. Calculation time increases when the image
has a big size and high density.

Viola-Jones method consists of three basic
object detection algorithms. The first is a new image
representation in the form of an integral image that
allows to evaluate objects very quickly. This
algorithm does not work directly with the intensity
of the image compared with the research [9]. But
like these authors a set of features are applied that
are reminiscent of the Haar basic functions. The
integral image can be calculated through applying
the multiple operations per pixel. Thereafter, Haar
like function can be calculated at any scale or
location in real time.

The second algorithm - a method of
constructing the classifier by selecting a small
number of important features applying AdaBoost
[10]. In any image subband total number of Haar-
like objects is very large, much larger than the
number of pixels. To provide fast classification, the
learning process should exclude the vast majority of
the available functions and focus on a small set of

MeTop  Buroabl-ArKoHca,

MHTErpaAbHoe M300pakeHne, Xaap Kackaa,

critical functions. As a result each stage acceleration
process that chooses a new class of weak, can be
considered as feature selection process. AdaBoost
learning algorithm provides an efficient and
powerful assessment generalizations efficiency.
The third important algorithm is a method of
combining successively more complex classifiers
into the cascade structure that rapidly increases the
speed detector, focusing on advanced areas of the
image. The concept of the focus of attention is that
often you can quickly determine where the object
may occur in the image [11-13]. A more complex
treatment is reserved only for these advanced areas.
research

Theoretical and

backgrounds

experimental

Viola-Jones method applies Haar like features to
identify the facial features. In order to reduce the
calculation time of these functions the integral
image representation is applied [6, 7, 14, 15].
Integral image representation — is the matrix, the
same size of the original image. Each matrix element
comprises sum of the intensities of all pixels located
to the left of and above the element. For integral
image matrix elements calculation the following
formula is applied:

i<x,j<y

Lxn)=

i=0,7=0

I1(i,]) (1)

where [ (i, _]) — the brightness of the source image

pixel. Figure 1 shows matrix of the starting and
integral image.

0 0 0 0 40 0 10 | 30 | 60 | 100

0 60 0 80 90 50 | 120 | 210 | 320 | 450

145 | — | 151 | 333 | 546 | 790 | 1065

156 | 167 | 178 | 189 | 200 307 | 656 |[1047 | 1480 | 1955
211 | 222 | 233 | 244 | 255 518 11089 1713 2390|3120

Figure 1 — Integral image
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By applying the integral images any rectangular
amount can be calculated in four references to the
array (Figure 2). It is clear that the difference
between the two rectangular sums can be calculated
in the eight references. Since the functions described
above with two rectangles connected with adjacent
rectangular sums, they can be calculated in six
references to arrays.

A B'

C D'

Figure 2 — Calculation of field D total intensity

The field D total intensity is calculated by the
following formula:
D=D'+4—-(B'+C") )

According to this formula we will calculate a
dark zone of integral image (Figure 3).

0 10 30 60 100
50 120 210 320 450
151 333 546 790 1065
A B
307 656 1047 1480 1955
518 1089 1713 2390 3120
C D

Figure 3 — Calculation of the integral image
total intensity

In this figure the area A consists of six (pixels),
respectively equal to the sum of the intensity field
333 (A'=333). Other areas are: B’ = 1065. C' =

1089 and D' = 3120. The total intensity of the field

D=D"+4-(B'+C')=3120+333-1065—1089=

1299. We check the correctness of the formula
applying the original image (Figure 4):

0 [ 10|20 | 30 | 40
50 | 60 | 70 | 80 | 90
101 | 112 | 123 | 134 | 145
156 | 167 | 178 | 189 | 200
211|222 233 | 244 | 255

Figure 4 — Original image

D =178+189+200+233+244+255=1299
that proves the correctness of the formula (2).

Face detection based Haar-like features (Figure
5). To find the location of a human face the eyes
need to calculate the function shown in Figure 5 (B).
This function measures the difference in intensity
between the eyes and the through upper cheek area,
because the eye area is often darker in comparison
with the cheeks.

Figure 5 — Haar Features

Scan all Haar primitives for one picture can be
time consuming. Therefore, through applying the
AdaBoost classifier, you can select the needed
primitives (Figure 6) [6, 7].
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Figure 6 — The first and second functions are selected by applying AdaBoost

Classifiers cascade algorithm provides
improved detection efficiency and significantly
reduces the calculation time. The critical
understanding is that they can be built smaller
and therefore more effective, increasing
classifiers rejecting many of the negative
auxiliary window when it detects almost all
positive specimens.

Simpler classifiers are applied to reject most of
the sub-window, before more complex classifiers

( All Sub-windows )
~\ up=win OWS//

are designed to achieve low levels of false positives.
The detection process general form is a process of
degeneration of the decision tree, that called
«cascading» (Figure 7). A first classifier positive
result starts the evaluation of a second classifier that
has also been adjusted to achieve very high detection
rates. Second classifier positive result from the
second classifier triggers the third classifier, etc. A
negative result at any point leads to the immediate
window rejection.

=T

T ;/ I%rther \‘,‘
N 4

Figure 7 — Schematic drawing of the detection cascade

Research result

We applied two Haar like features to define
facial features (Figure 8). Because the first function
measures the difference in intensity between the
area of the eyes and the upper cheek area, as the eye

ISSN 1563-0315

area is often darker in comparison with the cheeks.
The second function compares the intensity of the
eye areas with intensity through the bridge of the
nose.

These two features can define the scope of the
human eye. Applying one of them can not accurately
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determine the area of the face. Therefore, to increase ~ Figure 9 shows the determination result of human
the accuracy of the two functions were applied. face by applying Haar like functions.

|
(b)

Figure 8 — The first (a) and second (b) Haar like function to detect faces

(2)

Figure 9 — Human face detection
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The size and action threshold of these functions
were the same for the three faces as shown in Figure
9. In this case, the resolution between the eyes were
chosen identical. If the size of a human face is
different (smaller or larger), the size of Haar like
features to be changed. Here is an example of
different sizes of the same human face (Figure 10).

For the pattern of a size of 153 x 153 The first
function was used to size 57 x 36 and the second
function with the size 54 x 18. Figures with the size
230 x 230 and 307 x 307 for the detection of
persons using the first function to the size 85 x 54
and 113 x 72 respectively, and the second function
of the size of 81 x 27 and 108 x 36.

Figure 10 — Human faces detection in different Haar function sizes

Experimental results were obtained using
MatLab software environment.

Conclusions
The obtained results prove that the Viola-

Jones method provides face detection and the
image processing to obtain high processing

speed. By applying two Haar like functions
human face area can be detected. The use of two
or more Haar function increases the detection
accuracy. By varying the size of the Haar
function can detect faces of different sizes
pattern. Integral image reduces the processing
time upon detection of the face, because the size
of Haar like features more than 2 x 2.
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