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ABSTRACT
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In this study, an application system of indoor intelligent distributed video
surveillance designed and developed with present image processing algorithms and
application programming interfaces.

This study aims to develop a supplementary video surveillance system on a
pre-installed passive video surveillance system. The passive video surveillance
systems record surveillance video feed with movement detection or plain full time
interface. In this study, video feeds recorded by movement detection, will be
analyzed for pedestrian and face extraction. After pedestrian and face data extracted
from video feeds, pedestrian data will be grouped for every entering and leaving
moments with matching process, then each image group of pedestrian's faces will be
analyzed to find reappearance of the same pedestrian. After all image processing,
system will predict each unique pedestrian's every entering and leaving time.

This study used OpenCV as primary API to manage grabbing, processing
and post-processing of video and images. For application software architecture, Qt
application programming framework utilized on thread and GUI programming. And
for gathered information and statistical purposes SQL.ite database used. In this study,
for human detection, Histogram of Oriented Gradients and face detection algorithms
tested to find out optimum algorithm for human counting and recognition on videos
of indoor video surveillance.

Key Words: Image processing, HOG, OpenCV, Face detection, Face recognition
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BINA IiCI AKILLI GORUNTU GUVENLIK SISTEMi UYGULAMASI
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Bu calismada, guncel gorinti isleme algoritmalari ve uygulama gelistirme
arayuzleri ile bina ici akilli gorintu givenlik sistemi uygulamas: tasarlandi ve
gelistirildi.

Bu calismanin amaci hali hazirda calismakta olan pasif video glvenlik
sistemlerine ek olarak calisabilecek bir video givenlik sistemi gelistirmektir. Pasif
video givenlik sistemleri, hareket bulma veya tam zamanli kayit yontemleri ile video
kayitlar1 almaktadir. Bu ¢alismada, hareket bulma ile kaydedilen video verileri, yaya
ve yiz bulma isleminden gecirilip elde edilen yaya goruntuleriyle her bir yayayi
bulmak icin eslestirilme islemi uygulanacaktir. Her bir yayanin grup halinde
tanimlanan yiz goriintileri, yiz tanima islemleri uygulanarak farkl: yayalarin tek bir
grup altinda tanimlanmas: saglanacaktir. Bu sekilde ayni yayanin birden fazla giris
cikis yaptigi tahmin edilerek, gercek ve 6zgun yaya giris ¢ikis bilgileri rapor
edilebilecektir.

Bu calismada, video ve gorunti alma, isleme ve kaydetme icin OpenCV
kitiphanelerinden faydalanilmistir.  Uygulamanin  yazilim mimarisi igin, Qt
uygulama programlama ortam iplik ve GUI programlamada kullanilmistir. Ve elde
edilen verilerle istatiksel amaclar igin SQLite veritaban: kullanilmistir. Bu ¢alismada,
kapali mekan video guvenlik gorinttleri ile insan izleme ve sayma islemlerine en
uygun algoritmay:1 bulmak amaciyla HOG algoritmas: ile yiz bulma algoritmalar:
test edilmistir.

Anahtar Kelimeler: Goriintl isleme, HOG, OpenCV, Yz bulma, Yz tanima
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1. INTRODUCTION Erhan TURAN

1. INTRODUCTION

Video surveillance systems running since 1940's, beginning with analogue
hardware, to present day, with computer based digital hardware with sophisticated
video and image processing algorithms and supplementary database and analysis
software. Last decades shows that the hardware and software developments in
computer science become feasible for designing and implementing effective video
and image processing on video surveillance systems.

Switching from analogue hardware to computer based digital hardware
systems was the milestone for video surveillance systems. This change, let two main
difference from analogue systems: an extensive network system between hardware
and high performance modifiable programming interface for any image processing
task. Before these improvements, providing multiple surveillance images from
distributed analogue cameras to people in charge was the primary purpose of video
surveillance systems.

Increasing amount of security and traffic cameras and their counterpart, video
matrix and monitors becomes more laboring for human officers to do their
work(Desurmont et al, 2008), so this insufficiency urges surveillance technologies
for automated analysis of video for movement detection, human and/or vehicle
tracking and face detection with recognition.

OpenCV (http://www.opencv.org) is one of the most advanced application

programming interfaces undertakes the demand on computer based image processing
with robust and up-to-date algorithms. Besides the algorithms inside OpenCV, it also
has an effective infrastructure, capable of appending new convenient algorithms and
methods for computer vision and machine learning. And this let OpenCV the very
thing for implementing and testing computer vision algorithms for real-time
performance in video surveillance applications.

This thesis presents an indoor intelligent video surveillance system with the
substantial image processing algorithms and methods. Before the image processing
tasks, there are essential programming substructure to maintain image processing on

a concurrent software system. Qt Framework is one of the fit, all in one API for the


http://www.opencv.org
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software architecture design needed to implement a concurrent video surveillance
system. Both OpenCV and Qt Framework is based on C++ programming language
and OpenCV has a native GUI option based on Qt framework, although in this thesis
OpenCV and Qt framework implemented with a heterogeneous approach.

Threading module of Qt Framework is vital interface part of the software
system. GUI programming goes along with thread programming because of
concurrency needs between heavy background image processing tasks and graphical
user interface. Due to thread programming is based on operating system
programming interfaces, which makes it particular to the operating system, hard to
design operating system independent software that needs threading. Qt Threading
class comes handy in this situation with a thin wrapper APl over operating system's
own threading interface. Withal it has a simple and effective inter-thread
communication based on Qt Signals and Slots language construct.

Qt GUI module is a convenient interface for programming GUI for OpenCV
based image processing. Even though OpenCV has its own module for user interface
called HighGui, Qt GUI module has a comprehensive widgets and tools that can
easily link to OpenCV code.

Additionally connecting to databases with Qt framework with threading and
GUI support makes data processing reliable and untroubled. Database design and
implementation brings intelligence to the video surveillance systems with data
mining and information retrieval methods.

SQL.ite database engine used for the system to save collected data from image
processing tasks. These records will be used to count and manage people in the
building with a probabilistic approach.

For the computer vision tasks OpenCV used with multiple modules. OpenCV
has varied specialized modules including matrix calculations, image processing,
video processing, feature extraction, 3d calibration and machine learning, etc.

In this study, video and image processing modules used extensively for
Histogram of Oriented Gradients algorithm (Dalal et al., 2005) to detect pedestrian in
videos, Haar Feature-based Cascade Classifier algorithm ( Viola et al., 2001 and
Lienhart et al., 2002) for face detection on video frames, FAST (Rosten et al., 2010)
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and ORB (Rublee et al., 2011) binary descriptor algorithm for feature comparison
between founded pedestrians, Eigenfaces algorithm (Turk et al., 1991) for face

recognition of founded pedestrian faces.
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2. PRELIMINARY WORK

2.1. Video Surveillance Systems

Video-based surveillance system technological evolution begins with
analogue CCTV systems. First CCTV systems used for military and governmental
demands. These systems made from cameras located on desired points and connected
to a centrically located surveillance monitors with video matrix. Today they are
capable to gather video inputs from large amount of cameras with the choice of
normal and infrared sensors, and digital or analogue connections. Video surveillance
system technologies can be labeled in three generations (Valera et al., 2006).

First generation of video surveillance systems used analogue technologies for
gathering, transferring, viewing and storing where analogue cameras transferring
visual data with coaxial cables to the monitors and recording hardware. First
generation technologies were working good in some situations but it has own
problems like deficiencies of the analogue techniques. This let the researches
canalize to digital techniques.

Second generation of video surveillance systems increase the surveillance
efficiency by combining computer vision technology to automate primitive tasks of
surveillance. While gathering and transferring of visual data improved by digital
cameras and computer network communications, computer technology prospects the
automation of all surveillance tasks with robust detection and tracking algorithms.
This demand lead to third generation of video surveillance systems.

Third generation of video surveillance systems improved the accuracy of
information processed by automated wide-area surveillance systems equipped with
high definition normal and infrared camera sensors.

Advancements in hardware and software lead to new problems like
distribution of information, design methodology, moving and multi-sensor platforms.
And current research areas for video surveillance systems include data fusion,
probabilistic reasoning framework and multi-camera surveillance techniques. With

the increasing demand for security, applications of video surveillance systems
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become substantial security implementations in the following areas (Valera et al.,
2006):

§ Transport Applications to process vehicle and human traffic in airports,
maritime environments, railways, underground, motorways,

Public places: stadiums, banks, supermarkets, malls, parking lots

Sports: Football matches and others

Industrial process for quality control purposes

w w W W

Military applications

2.1.1. Video Surveillance System Components

A video surveillance system's components can be classified under two
substructure: hardware and software. Hardware is all the physical layer components
used in the video surveillance system, from cameras, cables, capture cards to
computers. There are various combinations of these equipments can be used to form
the system and software substructure builds on according to these parts. Software
substructure of the system is logical layer components of the video surveillance
system consisted from techniques, algorithms and methods.

2.1.1.1. Hardware

Hardware components of the video surveillance systems can be defined under
four main function: acquisition, transmission, processing and storage. CCD, CMOS
and/or Infrared sensors can acquire images in various resolution and color mode for
acquisition function. Acquisition requires image data formation to convert gathered
data to image file or stream format. Acquired image can be transferred on analogue
coaxial cables or on ethernet and fiber cables (and on wireless networks) digitally,
based on the image data. After transferring image data, image can be processed by a
FPGA or CPU based computing environment with software instructions. Tapes, hard

disk drive and flash memory cards can be used to save all the processed and raw data
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for storage functions. Intelligent network cameras may have all hardware
components all in one place to distribute work load efficiently (Rinner et al., 2007).
Inside these cameras there can be high resolution CCD/CMOS/Infrared sensors,
FPGA or CPU based SoC and Gigabit ethernet port with custom image processing
SDK for programming purposes.

2.1.1.2. Software

Software components of video surveillance systems can be defined under five
main function: object detection, object recognition, video tracking, behavior and
activities analysis, database and communication. Software components can be
designed on CPU and FPGA based digital hardware. Object detection is the first step
of video and image processing of video surveillance systems. Object detection can be
applied to detect moving objects with background segmentation algorithms or detect
preferred objects with object detection algorithms for chosen objects like faces
(Lienbhart et al., 2002), pedestrians (Dalal et al., 2005), etc. Object recognition is a
video and image process for recognition of predefined objects from memory to
extract knowledge for utilizing model-based techniques (Valera et al., 2006). Face
recognition algorithms are most used object recognition algorithms in video
surveillance systems to extract information for human movement analysis.

Video tracking is the video processing for locating a moving objects from a
video stream or sequences of images. It is second step for intelligent video
surveillance systems to extract movement data for behavioral analysis. Tracking can
be applied with blob tracking, kernel-based tracking methods like Mean shift
(Comaniciu et al., 1999) or filtering and data association methods like Kalman filter
(Welsh et al., 1995) and Particle filter.

Behavior and activities analysis is the last step of visual data analysis of the
video surveillance systems which interprets raw tracking and recognition data to
high level pre-defined behaviors and actions.

Database and communication is the underlay frame software part of the video
surveillance systems. Managing information traffic, storing and retrieving data
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managed by database systems with database and network programming. A typical
implementation of Makris et al. (2004) uses PosgreSQL for surveillance database

with an intelligent camera network.

2.2. Video and Image Processing

Basic software parts of the video surveillance systems, defined as in section
2.1.1.2 has various combinations of methods and algorithms, video surveillance
systems must arrange the optimum methods for the case will be implemented. In this
thesis, an indoor scoped intelligent video surveillance system is designed and
implemented on existing real-time passive video surveillance systems. To improve of
video surveillance systems, usually non-discrete and merged technologies of
applications practiced, thus reveals coherence problems like implementing face
recognition and human detection algorithms to existing running video surveillance
systems. There are several image processing algorithms evaluated in this thesis for

these issues.

2.2.1. Background Segmentation Algorithms

Background segmentation is the first step of image processing for generic
computer vision application. As a pre-processing task, it is vital to accomplish highly
reliable results to move next image processing tasks. Background segmentation
works by computing the difference with the present frame and the background model
to sign the corresponding pixels as foreground or background. Background models
vary by the algorithm itself. It can be simple previous frame difference or a model
which has a changing memory of previous frames to improve the result. Every
background segmentation algorithm, has its own advantages and disadvantages,
some algorithms are simple for computation which makes them faster, some
algorithms are more complicated and time consuming but with a better results
according to simpler ones. Basic methods of background segmentation algorithms
are the elementary algorithms based on frame differencing. They generally use
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simple frame difference. Some of them has a simple memory based on mean or
median calculations. Basic algorithms can be faster especially when calculating only
with integer values. On the other hand, basic methods have poor results according to
other algorithms with precision/recall comparison (Benezeth et al. 2010).

Statistical methods using one Gaussian or k Gaussian mixture model are

based on probability density function of Gaussian distribution:

_(x=p)?

fO) =—=e 2 2.1)

Stauffer and Grimson's method with Gaussian mixture model is most
common algorithm based on GMM on background segmentation. This method
creates a background model by modeling a mixture of Gaussian distribution for each
pixel (Stauffer et al., 1999).

Eigenbackground method uses eigenspace to model the background which
describes the range of appearances like lighting variations over the day, weather
variations and etc(Oliver et al., 2000).

Fuzzy based methods of background segmentation algorithms use fuzzy
integral computations with probabilistic approach. Choquet and Sugeno integrals can
be used to aggregate different features of frame, like color space and texture
similarity measures. (Baf et al. 2008a).

Early video surveillance systems used background segmentation algorithms
to find movement in video feeds to trigger recording phase of the system, with this
approach recorded data takes lesser space and removes the motionless video for the
human and computer analysis. And lesser recorded data eases high hardware power

demanding image processing algorithms work load.

2.2.2. Histograms of Oriented Gradients

Histogram of oriented gradients (HOG) descriptor method is based on local

histograms of image gradient orientations evaluation after a well normalization
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process. This method assumes local objects' appearance and shape can be found
without knowing the precise corresponding gradient or edge positions of them on the
image by the distribution of local intensity gradients or edge directions (Dalal et al.,
2005).

This method applies six computational steps when evaluating an image for
whether it does or not contains the object trained to find, first step of the method is to
use a image-wide global gamma and color (if color channels exist) normalization to
eliminate unwanted light conditions on the scene. This step is an optional step and
varies to the image format and normalization methods.

After global normalization of image, image computed with 1-D or 2-D
masks with an option using Gaussian smoothing, with this computations on image,
gradients of the image will be usable for next step. As Dalal and his colleagues
defined in their work (Dalal et al., 2005), simple 1-D [-1,0,1] masks with parameter
0=0 value turned out to be the best computation result for the work.

After gradient computations, spatial and orientation binning will be applied to
the image. This step is the first step of local calculations will produce the cells. Cells
are the local spatial regions that reserve the orientation bins accumulated by the
weighted votes of the pixels. Weighted votes of pixels calculated with the orientation
of the gradient element centered on it. Cells can be formed in rectangular (R-HOG)
or radial (C-HOG) formation. For reducing aliasing between pixels, weighted vote
values interpolated bilinear in orientation and position between the neighboring bins
(Dalal et al., 2005).

After spatial and orientation binning step, normalization computations takes
locally by grouping cells into larger blocks and normalizing the blocks one of the L1-
norm(2.2), L1-sqrt(2.3), L2-norm(2.4) and L2-Hys (L2-norm followed by clipping
with max,=0.2 and renormalizing) block normalization schemes to ensure that low

contrast regions are stretched (Dalal et al. 2005):

v = /(v +€) (2.2))

v = Jv/(lvll, +€) (23)

10
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v - v/{lv|l3 + €2 (2.4.)

Overlapping blocks while normalization increase the consistency of the image
without the loss of local variations. After normalization step, with a designed
detection window size (e.g. 64x128) scanning and collecting HOG descriptor blocks
for the next step, the classifier.

A trained linear SVM used to classify the collected HOG descriptor blocks
data in two class, does contains and does not. If the classified HOG descriptor blocks
Is contain the trained object it will give the boundaries of the object with its region.
Classifier can be changed with a Gaussian kernel SVM which will increase the

performance with the cost of more computation time.
2.2.3. FAST: Features from Accelerated Segment Test

FAST: Features from Accelerated Segment Test (Rosten et al., 2006) method
is a corner detection algorithm, which proposed for a better computational
performance than Harris detector (Harris et al., 1988) and SIFT detector (Lowe,
2004) methods.

This binary corner detection method decrease the complexity of corner
detection to form a real-time operable corner detector algorithm with three main
stages of computation.

In first phase, the segment test criterion operates pretest to confirm if the
selected corner candidate pixel p can be considered as a corner by comparing the
intensity difference of the circle of sixteen pixels with the Ip, pixel intensity of
selected corner candidate pixel p using a threshold t.

First proposed version of this test applied and passed if one of the I, <Ip -t
(darker intensity) and I, > Ip + t (lighter intensity) conditions is true for any subset
of n contiguous pixels of sixteen pixels. A high speed test can be applied and passed
if one of the 1, < Ip -t (darker intensity) and I, > Ip + t (lighter intensity) conditions

is true for at least three values of n € {1,5,9,13}.

11
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Figure 2.1. Circle of sixteen pixels around candidate corner p (Rosten et al., 2006)

This detector works with high performance in itself, but on the other side it

has its own weaknesses(Rosten et al., 2006):

§ For n<12 values the high-speed test can generalize poorly

§ The choice and ordering of the fast test pixels contains implicit
assumptions about the distribution of feature appearance.

§ Test results are not reserved for the previous 4 pixels.

§ Multiple features are detected adjacent to one another.

To overcome the first three issues mentioned above, algorithm uses a
machine learning approach which has two stages. First, corners are detected from a
set of images using the segment test criterion for n with a convenient threshold to
build a corner detector for the given n with a slow algorithm which applied to all
sixteen pixels of the circle.

For each pixel on the circle with corresponding location x € {1..16} can have

one of three states(Rosten et al., 2006):

d, Iyox <L, —t (darker)
Spox =4S, Ly —t<Il,,,<I,+t (similar) (2.5)
b, Iy +t<1IL,, (brighter)

12
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After computing every x values, depending on the results, feature vector of
circle of sixteen pixels, P, subdivided into 3 subsets named Py, Ps and Py
representing the darker, similar and brighter subsets of the vector P. In second stage
of the method, first defines a Boolean variable, K,, which will be true if p is a
corner and false otherwise. After that, using ID3(Quinland, 1986) decision tree
classifier algorithm query each subset using entropy of K, to calculate if the
candidate pixel is a corner. The entropy of K for the set P is(Rosten et al., 2006):

H(P) = (¢ + ¢0)log,(c + ¢) — clog,c — clog,C (2.6)

where ¢ = |{p|K,, is truel|}| corners and ¢ = |{p|K,, is false|}| non-corners counts.
This computations recursively applied to all the subsets until its entropy equals to 0
and the decision tree for fast detection for other images are ready to use.

Detecting multiple features adjacent to each other is the last weakness of the
method. To overcome this problem, non maximal suppression method is used by
computing a score function, V, by addition of the absolute difference between the
pixels in the contiguous arc and the pixel p. Modified for performance version of the

score function V (Rosten et al., 2006):

V = max (er surignellpox = Io| = & Zxesqarellp = Ipox| = t) (2.7)
with:

Soright = {X|Ipox = I, + t} (2.8)

Saark = {x|lyox < 1, — t} (2.9)
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2.2.4. BRIEF: Binary Robust Independent Elementary Features

BRIEF is a binary descriptor algorithm proposed by Calonder and his
colleagues (Calonder et al., 2010) for the growing need of faster computing and
matching with a memory efficient binary descriptor method.

BRIEF method applies a test with image on randomly chosen patch p with
size SxS as (Calonder et al., 2010):

.= (1 ifp) <pO)
T y): = {O otherwise (2.10)

where p(x) is the pixel intensity of p at x=(u,v)" . Before the test applies it needs a
pre-smoothing for the patch selected on the image to overcome sensitivity to noise in
the patch. A Gaussian filter applied for smoothing operation. And with this binary
test BRIEF descriptors created with a set of ng -dimensional bit string (Calonder et
al., 2010):

frg @) = Xis<izny 21 (p; x4, y1) (2.11)

where ng = 128, 256 and 512 for the bit string length. For the spatial arrangement of
the binary test there can be five methods to determine x; and y; values (Calonder et
al., 2010):

§ The (x;, yi) locations are chosen on the patch p uniformly and values can be
closer to the patch border (Fig. 2.2 -G I).

§ The (x;, yi) locations are randomly chosen with a Gaussian distribution,
this gives more centric locations (Fig. 2.2 - G 11).

§ The (x;, yi) locations are generated with two steps: first location Xx; is
chosen with a Gaussian distribution around the origin of patch p and
location y; is chosen with another Gaussian distribution around the location

Xi. This gives more local vectors (Fig. 2.2 - G IlI).
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§ The (xj, i) locations are randomly generated from discrete location of a
coarse polar grid (Fig. 2.2 - G 1V).
§ For each i, x=(0,0), origin of the patch p, and y; takes all values on a

coarse polar grid containing ng points (Fig. 2.2 - G V).

G IV GV
Figure 2.2. Generated vector samples with five methods (Calonder et al., 2010)

For binary descriptors measurement, BRIEF uses Hamming distance, which
compare bit string with a XOR and add all values of the result.

2.2.5. ORB: Oriented FAST and Rotated BRIEF

Oriented FAST and Rotated BRIEF (ORB) method is a fast binary descriptor
based on BRIEF (Calonder et al., 2010) and FAST (Rosten et al., 2006) with more
rotation invariant, noise resistant and higher computing performance according to
BRIEF and FAST method.

This method has improvements on:

§ Faster and more accurate orientation components than the FAST method.

§ More efficient computations for oriented BRIEF features.
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§ Analysis for variance and correlation of oriented BRIEF features.
§ A learning method for de-correlating BRIEF features under rotational

invariance (improves the nearest-neighbor applications' performance)

ORB method starts with detecting FAST points using a circular radius of 9
(FAST-9) and because FAST method does not order points with a cornerness
measure, ORB employ a Harris corner measure (Harris et al., 1988) to order number
N key points by lowering threshold to get more than N key points and pick the top N
key points. And lack of orientation components in FAST features, ORB implements
a simple but effective corner orientation method called intensity centroid (Rosin,
1999). Intensity centroid method assumes that a corner's intensity equals to the offset
from its center point and this vector can be used to refer a orientation with defining

the moments of a patch as (Rosin, 1999):
Myq = Zx,y xPy(x,y) (2.12)

and with moments to find the centroid (Rosin, 1999):

C = @’% 213
(moo moo) ( )
After that constructing a vector from corner's center, O, to the centroid, 52 can be

done and the orientation of the patch defined as (Rublee et al., 2011):
0 = atan2(mgyq,, myp) (2.14)

where atan2 is the quadrant-aware version of arc tan, used to find the direction of the
vector.

ORB method use BRIEF descriptors, but because of BRIEF descriptors poor
performance with orientation, ORB steer BRIEF descriptors according to the

orientation of key points by defining the 2 x n matrix S (Rublee et al., 2011):
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5= ) @

which contains the coordinates of the pixels, then using the orientation of the patch,
0, finds its rotation matrix and rotates the S to get steered version S,.

And the steered BRIEF operator becomes (Rublee et al., 2011):

In(®,0) = fo(@)|(x;,y)€ Sg (2.17)

Steered BRIEF has considerably lower variance value, to recover low
variance, ORB has a learning method for choosing a good subset of binary tests. For
settings of learning algorithm, training set of 300k key points drawn from PASCAL
2006 dataset (Everingham, 2006). And the algorithm applied as(Rublee et al., 2011):

1) Run each test against all training patches.
2) Form the vector T by ordering the tests according to their distance with a
mean of 0.5.

3) Apply a greedy search

a) Put the first test to the result vector R and remove from vector T.

b) Get the next test from vector T and compare it with all tests in vector
R. If its absolute correlation is greater than a threshold, discard it;
else add it to vector R.

c) Repeat the previous step until there are 256 tests in vector R. If all
tests gathered from vector T and vector R has less tests than 256,

raise the threshold value and repeat previous step again.
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After this algorithm completed, there are 256 relatively uncorrelated tests
with high variance.

2.2.6. Haar Feature-based Cascade Classifier

Haar feature-based cascade classifier is a object detector method which is
proposed by Viola et al. (2001) and improved by Lienhart et al. (2002). This method
can be trained for a particular object. In this thesis, it is used for face detection
already implemented on OpenCV API.

Method has two phases, in first phase method must be trained for the
particular object. Classifier uses Haar-like features(Figure 2.5) with positive
examples of the desired object to detect and negative examples with arbitrary images

all in same size.

1. Edge features

= <@<®

(a) (b) (c) (d)
2. Line features E i
(a) (b) (c) (d) (e) t:l (g) th:

3. Center-surround features

(a) {
Figure 2.3 Haar-like features. (Lienhart et al., 2002)

After training classifier, method can be used in an image or region of interest
of an image. When classifier window is searching for a matching pattern, 1 returns
for a positive pattern and 0 for negative one. Classifier can be used on different sizes

to match the correct size of the object on the image.
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2.2.7. Eigenfaces

Eigenfaces method used to identify faces based on Principal Component
Analysis which proposed independently by Pearson(1901) and Hotelling(1933). To
reduce the information represented by a 100x100 image can be overwhelming to
figure out the corresponding image is the one that is look for a particular pattern. In
PCA, this high-dimensional dataset can be reduced to a unique less-dimensional
information for a comparison.

Let X ={ X1,X2,...,.Xn} be a random vector with observation x; T R®. Compute

the mean x and covariance matrix S:

H=Y X S = ¥, (= i) (x; — )" (2.18)

n

Compute the eigenvalues A; and eigenvectors v; of S and order the eigenvectors
descending by their eigenvalue. And form k principal components from the
eigenvectors which has the k largest eigenvalues. And the k principal components of
the vector x are as follows:

y=WT(x—pn) whereW = (vy,v,,..., V) (2.19)
And the reconstruction from the PCA basis as follows:

x=Wy+u whereW = (v,v,, ..., V%) (2.20)

And eigenfaces method can perform face recognition by projecting all

training samples and the query image into the PCA dataset and find the nearest

neighbors of the projected query image in the training samples.
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3. MATERIAL AND METHOD

3.1. Material

In this thesis, to create an intelligent video surveillance system, from coding
to compiling, Qt Creator with Visual C++ 2010 C++ Compiler used to compile
applications; for image processing OpenCV image and machine learning library used
and to raise the image processing part to a running practical program Qt Framework
used especially with its concurrency and GUI modules. For database needs in this
thesis, SQLite module of Qt is used to create databases of the system.

3.1.1. Visual C++ 2010 C++ Compiler

Visual C++ 2010 C++ compiler is the commercial C++ compiler of the
Microsoft Corporation. Compiler Collection can be acquired with free and paid
versions with different support and equipment included. Beside the lack of operating
systems variety it has x86 and x86-64 compiling capabilities for Intel CPU hardware.
In this thesis, to compile the test programs and the Pedestrian Watcher application
Visual C++ 2010 C++ Compiler used with debug and release options with 32 bit

application profile.

3.1.2. Qt Framework

Qt Framework (http://gt-project.org/) is an open-source, cross-platform

application and Ul framework for developers using C++ programming language. It
has supports for Windows, Linux and MacOS desktop operating systems, embedded,
mobile and real-time operating systems. Framework has several modules coherently
works together. In this thesis, Core, Threading, Database and GUI modules used to
design a distributed intelligent video surveillance system. For concurrency needs
between the OpenCV image and machine learning library Thread module used

extensively.
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3.1.3. OpenCV

OpenCV (Open Source Computer Vision Library) is an open source
computer vision and machine learning software library built to provide a common
infrastructure for computer vision applications. OpenCV has more than 2500
optimized algorithms, for computer vision and machine learning, and in this thesis,
used by all the image processing tasks directly and with OpenCV based libraries. For
image acquisition, OpenCV used to extract images from video files and used to read
images from disk. In this thesis, HOG algorithm, implemented in OpenCV, used to
evaluate the pedestrian detection performance. And for image comparison, FAST,
ORB and FREAK algorithms implemented in OpenCV used. And for face detection

Haar feature-based cascade classifier and Eigenfaces implemented in OpenCV used.

3.1.4. SQLite

SQLite (http://www.sqlite.org//) is a software library that implements a self-

contained, serverless, zero-configuration, transactional SQL database engine. SQL.ite
is the most widely deployed SQL database engine in the world. The source code for
SQLite is in the public domain. It is the most popular mobile database API because
of the long time stable and small footprint at runtime, in open source and
commercial communities. In this thesis, SQLite database implementation of Qt
Framework used to manage the aggregated data for every step of the image analysis.
Records of face and pedestrian coordinates saved with SQLite API.

3.1.5. Dataset
In this thesis, for the image processing testing and evaluations there are 52
video files made with 5 different people from two different point of view in

1920*1088 frame resolution and 20 fps frame rate. All of the people have at least

two entering and leaving videos for both views. scenes with 3 image resolution sets.
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Table 3.1. Video dataset list of positioned indoor of the entrance.

Video Name Pedestrian ID  Frames Action Position
inP1C1 1 116 Entering Inside
inP1C2 1 120 Entering Inside
inP1C3 1 113 Entering Inside
inP1G1 1 178 Leaving Inside
inP1G2 1 150 Leaving Inside
inP1G3 1 166 Leaving Inside
inP2C1 2 122 Entering Inside
inP2C2 2 151 Entering Inside
inP2G1 2 168 Leaving Inside
inP2G2 2 147 Leaving Inside
inP3C1 3 135 Entering Inside
inP3C2 3 123 Entering Inside
inP3C3 3 164 Entering Inside
inP3G1 3 169 Leaving Inside
inP3G2 3 167 Leaving Inside
inP3G3 3 157 Leaving Inside
inP4C1 4 144 Entering Inside
inP4C2 4 133 Entering Inside
inP4C3 4 115 Entering Inside
inP4G1 4 160 Leaving Inside
inP4G2 4 156 Leaving Inside
inP4G3 4 166 Leaving Inside
inP5C1 5 114 Entering Inside
inP5C2 5 124 Entering Inside
inP5G1 5 154 Leaving Inside
inP5G2 5 174 Leaving Inside

Table 3.1. shows the list of the video files recorded inside the entrance of the
test scene. And Table 3.2. shows the list of the video files recorded outside the
entrance of the test scene. These videos recorded at night time without the sunlight
conditions with lighting of fluorescent lamps implemented homogeneous on the
building ceiling. This gives a clear view of pedestrians and their faces without the
lateral shades. Video files recorded aims to mimic a passive video surveillance
system that records surveillance video with a motion triggering method.
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Table 3.2. Video dataset list of positioned outside of the entrance.

Video Name Pedestrian ID Frames Action Position
outP1C1 1 156 Entering Outside
outP1C2 1 107 Entering Outside
outP1C3 1 137 Entering Outside
outP1G1 1 164 Leaving Outside
outP1G2 1 160 Leaving Outside
outP1G3 1 148 Leaving Outside
outP2C1 2 134 Entering Outside
outP2C2 2 163 Entering Outside
outP2G1 2 172 Leaving Outside
outP2G2 2 163 Leaving Outside
outP3C1 3 156 Entering Outside
outP3C2 3 117 Entering Outside
outP3C3 3 110 Entering Outside
outP3G1 3 178 Leaving Outside
outP3G2 3 166 Leaving Outside
outP3G3 3 160 Leaving Outside
outP4C1 4 135 Entering Outside
outP4C2 4 118 Entering Outside
outP4C3 4 112 Entering Outside
outP4G1 4 136 Leaving Outside
outP4G2 4 161 Leaving Outside
outP4G3 4 151 Leaving Outside
outP5C1 5 116 Entering Outside
outP5C2 5 133 Entering Outside
outP5G1 5 162 Leaving Outside
outP5G2 5 201 Leaving Outside
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3.2. Method

The purpose of this study is to design and develop an intelligent video
surveillance system over a traditional video surveillance system to count the
pedestrians and tag them to extract the info for every individual's entering and
leaving time. For this purpose, first HOG pedestrian detector algorithm evaluated for
pedestrian detection, for pedestrian image comparing FAST and ORB feature
extraction methods used and for face detection and recognition Haar Cascade

Classifier and Eigenfaces used.

3.2.1. Histograms of Oriented Gradients

Histogram of oriented gradients (HOG) descriptor method is based on local
histograms of image gradient orientations evaluation after a well normalization
process. This method assumes local objects' appearance and shape can be found
without knowing the precise corresponding gradient or edge positions of them on the
image by the distribution of local intensity gradients or edge directions. OpenCV
library has an implemented HOG algorithm to use on its own image format.
Algorithm's function has six input and one input/output parameters. First input is the
image data to searching for pedestrians, second input/output is the vector list of the
detected pedestrians, second input is the threshold for the distance between features
and SVM classifying plane, fourth input is the window stride, fifth input is a
parameter for CPU interface compatibility, sixth input is the coefficient of the
detection windows increase and the seventh parameter is the coefficient to regulate
the similarity threshold. In this study default parameter values used for third (0),
fourth(8x8), fifth (32x32), sixth (1.05) and seventh (2) parameters.

3.2.2. FAST Features from Accelerated Segment Test

FAST: Features from Accelerated Segment Test is a corner detector method
which implements faster algorithm than SIFT and Harris corner detectors feasible for
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real-time operations. OpenCV library has an implemented FAST algorithm to use on
its own image format. Algorithm's function has three input and one input/output
parameters. First input is the image data to searching for corners, second input/output
parameter is the vector list of key points, third input is the threshold value for FAST
algorithm and the last input parameter is the Boolean value for option to use non-
maximal suppression method. In this study, FAST used with 10 for threshold value

and true for non-maximal suppression method.

3.2.3. ORB Oriented FAST and Rotated BRIEF

Oriented FAST and Rotated BRIEF (ORB) method is a fast binary descriptor
based on BRIEF with more rotation invariant, noise resistant and higher computing
performance according to BRIEF and FAST method. OpenCV library has an
implemented ORB algorithm to use on its own image format and vector of key points
to find binary descriptors. Algorithm's function has two input and one input/output
parameters. First input is the image data to searching for corners, second input
parameter is the vector list of key points and third input/output is the descriptors for
the results.

3.2.4. Haar Feature-based Cascade Classifier

Haar feature-based cascade classifier is a object detector method which can
be trained for a particular object. OpenCV library has trained, ready to use face and
eye detector configurations. In this study, method used with the five different pre-

trained front face configuration files:

haarcascade_frontalface_alt.xml
haarcascade_frontalface alt_tree.xml
haarcascade_frontalface_alt2.xml

haarcascade_frontalface_default.xml

w w W W wWw

Ibpcascade_frontalface.xml
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and scale factor float parameter with value 1.1, minimum neighbors integer
parameter with value 3 and minimum size of search frame with values 30x30 pixels.
For faster processing, image can be resized to a smaller image, but this could reduce

the face detection performance.
3.2.5. Eigenfaces

Eigenfaces method used to identify faces based on Principal Component
Analysis by reduce the dimension of the information ease to find particular pattern

for comparison of two datasets like 2 dimensional images. Code of method

implemented in OpenCV library with FaceRecognizer class.

27



3. MATERIAL AND METHOD Erhan TURAN

28



4. PEDESTRIAN WATCHER SOFTWARE Erhan TURAN

4. PEDESTRIAN WATCHER SOFTWARE

This study aims to design and develop an intelligent video surveillance
system software, supplementary to a passive video surveillance system. Passive
video surveillance systems record all video feeds with movement detection triggering
or plain full time recording. Pedestrian Watcher software proposed for a
supplemental system to passive video surveillance systems by analyzing pre-

recorded video feeds for pedestrians to count and tag them as a gateway keeper.

4.1. The Hardware Implementation of Pedestrian Watcher

Pedestrian Watcher needs special hardware implementation to record
pedestrian's face and whole body clearly for reliable pedestrian analyze.
Implementing to desired entrance, there must be two camera system placed opposing
views to get coming and going pedestrians clearly at the same time. Cameras must be
located between 170 cm and 200 cm height from the ground to have a parallel view
of the pedestrian faces and for face detection at least 60x60 pixels of clear view, a
high definition of 720p or 1080p recording resolution. And cameras recording frame
per second performance must be at least 20 frames per second to compare sequential
frames easily to find the pedestrian image groups.

For this study a simple implementation of camera system consisting two
1080p high definition cameras located on both sides of an entrance doorway with a
170 centimeters height from the ground and 3 meters far away from the doorway.
And presumes that the camera system recording with a motion triggering method to
record passing pedestrians. Video recording performed with a 20 frame per second

frame rate.

4.2. The Software Architecture of Pedestrian Watcher

Pedestrian Watcher is a graphical user interface based application for
pedestrian detection and counting for general purpose building surveillance system, it
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acts as a supplementary system for existing passive video surveillance systems. The
passive video surveillance system records with motion triggering method to storage
media and Pedestrian Watcher loads these video feeds and analyzes the video feeds
with three main steps: extracting pedestrians and their faces, grouping founded
pedestrians and training face recognizer dataset from these groups of face images.
After these steps accomplished Pedestrian Watcher tries to predict the pedestrians

coming and leaving moments and count them.

Oz ven g

Coviracian

Figure 4.1. Video enlisting in Pedestrian Watcher

The first step of Pedestrian Watcher is to extract pedestrians and their faces
from enlisted inside and outside video feeds. With this extraction process Pedestrian
Watcher will have pedestrian and face data to analyze. As seen in the Figure 4.2
Pedestrian Watcher interface is fairly simple for video feed enlisting.

User can add videos with Add Video button and then define processing area
for extraction of the video files on the image by pressing mouse with moving around
and submitting with Add Region for the chosen video feed or with Add Region to All
Videos for whole inside or outside video feeds, if no processing area is defined with

interacting on image, default processing area will be the whole size of the video
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feed’s frame width and height. This will extend the processing time particularly on
high definition video feeds with 1080p resolution.

After choosing the video feed files and setting their processing areas for both
inside and outside video feeds, user can define the method to extract the pedestrians
on the video feeds. HOG pedestrian detector and pseudo pedestrian detection based
on face detector can be chosen for the method.

After choosing the extraction method, user must choose a predefined trained
face xml file for face detection. Then user must set the database and data folders
location with Set Database button. After these settings user can save the settings with
Save Settings button and start extraction process with submitting the Start Extraction

button.
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Figure 4.2. Settings for pedestrian extraction in Pedestrian Watcher.

When extraction process finished it will inform the user that processing is

done. User now can proceed to the next step for pedestrian grouping.
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T

Figure 4.3. Running pedestrian matching in Pedestrian Watcher.

The second step of the Pedestrian Watcher is to perform a comparison
between the consecutive pedestrian images to find every individual in the extracted
pedestrian images. To start comparison, user must load the defined and saved
database in the first step of the Pedestrian Watcher with Load Database button. Then
user can start the matching process by submitting Start Matching button. When
process started, it will show the matching pair of images and comparison result on
Pedestrian A, Pedestrian B and Matched Points images. If matching of two images
does not produce a result which means at least one of the images has no detected key
points for matching will be passed without a Matched Points image shown.

Every result of matching pairs will be projected to the Match Point Graph
with after calculation of good matching points to all matching points ratio
normalized to 100 percentage. A good matching result can be considered with a 25%
value and above it. While process is running it will find the pedestrian image groups
and post it to the Inside Video Feed Groups and Outside Video Feed Groups tables
with group 1D, amount of group images and faces.

When processing finished, user can pass to the final step to pedestrian

recognition based on face recognizing process.
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The last step of Pedestrian Watcher is to train a face recognizer model and
evaluate inside and outside video feeds with trained face recognizer.

grdaghy | PR

Figure 4.4. Pedestrian recognition and logging interface of Pedestrian Watcher.

Face recognizer training and classifying process configuration is
straightforward, user must choose the database which processed with the second step
with Set Database button. After choosing the desired database, user can start process
by submitting Start Recognition Process button.

After processing is done, Pedestrian Watcher will dispatch the results on
Logger and enlist the inside and outside video feeds' groups with their entering and

leaving times.

4.2.1. Database Design of Pedestrian Watcher

Pedestrian Watcher records all extracted information to a SQLite database
named main.db for all three steps of the software. First step creates three tables for
each inside and outside video feeds: vidin, vidout, pedin, pedout, facein, faceout.
vidin and vidout tables contains the video feed files names and corresponding code

for that file names. This will simplify the tracking of the pedestrian and face images
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origin of video. pedin and pedout tables contains the pedestrian name based on the
time appeared on the video, pedestrian frame's first pixel x and y values, pedestrian
frame's width and height and video feed file code. facein and faceout tables contain,
the face name based on the time appeared on the video, which is same name of the
pedestrian of that face, face frame's first pixel x and y values, face frame's width and
height, video feed file code and group ID of that face. And in the first step, while
program extracting pedestrians and their faces, it will insert the pedestrian and face
record to the database.

In the second step, while program matching pedestrians it will request the
pedestrians’ data from the database and if a new group detected by matching process,
it will update the corresponding face images' group 1D value.

In the third step, while program training face recognizer, it will request the
face groups with group ID larger than -1 and feed the face recognizer with the face
images and their corresponding group 1D value.

4.3. Image Processing in Pedestrian Watcher

Image processing in Pedestrian Watcher implemented with Histogram of
Oriented Gradients pedestrian detector, Haar feature-based cascade classifier for face
detection and pseudo pedestrian detection, corner detection algorithm FAST and
binary descriptor algorithm ORB for matching pedestrians and Eigenfaces face
recognition algorithm for pedestrian recognition.

HOG pedestrian detector is a suitable pedestrian detector for most of the
condition, however HOG pedestrian detector performed poorly with some of the
video feed samples for this study. Because of this unexpected situation, in this study,
a simple but effective way used for pedestrian detection based on face detection, this
pseudo pedestrian detection applies by after detecting a face on the frame, assumes
the human body ratio can be used to calculate the pedestrian body by learning
detected face size with multiplying face height with 8 and face width with 3 after that
subtracting face width from face first pixel's x coordinate to set the face in the middle
of the pedestrian frame. If the calculated pedestrian frame overflow on whole image,
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it will be trimmed to fit in the image. This way performs with a sufficient viewport to
apply pedestrian matching for finding consecutive pedestrian images.

Load Video Feeds
with defined regions

L Extract Pedestrian and P
Face ~ i
Match Pedestrians to (
Group \
Database
Train Face Recognizer ,
l and Log Pedestrians \
Show Recognized ——

Entering and Leaving
Actions of Pedestrian

Figure 4.5. Pedestrian Watcher flow diagram.

First image processing phase, applies face detection for all video feeds'
frames, when a face detected, Pedestrian Watcher calculates the pedestrian body with
the method described and then both face and pedestrian images will be saved on
storage media and recorded to the database. This processing phase is the most time
consuming because evaluating face detections on high resolution images.

Second image processing phase applies pedestrian matching with FAST
corner detection aided ORB binary descriptor method. Process begins with gathering
pedestrian images in order for each inside and outside dataset. Gathered two images

will be processed with FAST method in OpenCV and then results will computed
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with the ORB method and after produced binary descriptors for two consecutive
image in the dataset, images will be matched with brute force matcher class of
OpenCV, BFMatcher.

After matching process, matched results will be trimmed with a threshold

value calculated by:

(maxDist—minDist)*TH
100

threshold =

(4.1)

where maxDist is the maximum distance between the matching two featured point of
the pedestrian images, minDist is the minimum distance between the matching two
featured point of the pedestrian images and TH is the percentage of normalization
which can be adjusted to find optimum threshold value, in this study, TH value given
40. This threshold will eliminate most of the poor matched points in the matched
point list. After this thresholding, if there is no good matches it passes to draw
matched points image. On the other hand if the results has good matches, there will
be a calculation to produce a percentage of good matches to the all matches where
total counts TC is 100 and good counts GC is:

GC = Good Matches*100 (4.2)
All Matches
if All Matches < 200 GC=0
if GC < 25 GC=0 (4.3)
if Good Matches =0 GC=0

where negative conditions shown in Equation 4.3. If negative conditions are false for
this pair of matching images result, it will pass GC as defined in Equation 4.2. After
this normalization, according to this study results, if the GC value above 25, this pair
of matching images will be considered as images of the same pedestrian and its face
name will be added to the face list to form the pedestrian face dataset and will be
passed to the next matching. On the other side, after matching calculations, negative

conditions will trigger the end of the face dataset because the matching images are
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not belong to the same pedestrian and when this happens face dataset will be updated
with the corresponding group ID on face databases of both inside and outside video
feeds. After processing all consecutive pedestrian images on inside and outside video
feeds this matching phase will be completed and ready to process the third step.

Third image processing phase applies face recognition with Eigenfaces
implemented with the Face Recognizer class in OpenCV. After second step, database
will provide the pedestrian groups labeled on the face tables, first of all face
recognition for inside video files evaluated to find all unique pedestrians by running
face dataset training for each group of faces.

To find same pedestrian which appears in the inside video feeds, a loop starts
for each group ID, when running inside the loop every group ID, except the one that
has the loop identifier, i™ group ID, will be trained for face recognition, after
training, i™ group 1D's face dataset will be predicted on this trained model to find if
any reappearance of the i™ pedestrian exist with another group ID. Prediction will
assume that there should be a chosen group ID even though the predicted group ID's
pedestrian never reappeared, so this problem will be overcome by using the
predictions' confidence values which is a double variable indicates the confidence of
the prediction, in this study, value 1500 will be sufficient to eliminate non-related
predictions of the i™ group ID. If the predictions has a mean under this 1500
threshold value for prediction group 1D set, this prediction group ID and i group 1D
suppose to be same pedestrian. Then matched pairs will be reserved in an array of
pairs. To decrease the group ID amount to the actual unique number of the
pedestrians, the matched pairs will be used to change group ID of the reappearing
pedestrians to the group ID of first appearance made with the pedestrians. Pairs
consist two group ID that is presumed labels the same pedestrian, for more than two
appearance there will be different group of pairs point out the same pedestrian, to
overcome this problem, pairs will be searched and same pedestrian's different group
ID's collected to one array.

After finishing uniting all group IDs of each pedestrian, database will be

updated with new group IDs and then re-training the face recognizer with updated
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group IDs will be the last step of training face recognizer. From this point the face
recognization is ready to predict outside video feeds.

When group IDs are unique for each pedestrian, system can report entering
times of the pedestrian with querying facein database for the pedestrian group ID for
the vidin table code values, after query, with a loop system can report the entering
times of the pedestrian to the graphical user interface. And after processing inside
video feeds, face recognizer can process the outside video feeds to detect pedestrians
from their faces and report leaving times of the pedestrian with querying faceout
database for the pedestrian group ID for the vidout table code values, after query,
with a loop, system can report to the graphical user interface.
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5. RESEARCH AND DISCUSSION

In this section, benchmark results are presented which evaluated on datasets.
The benchmarks evaluated under Microsoft 7 Home Premium operating system with
Intel i7 Q740 1.73 GHz CPU and 6 GB RAM computer hardware. In the first
benchmark, pedestrian and face extracting evaluated for runtime and accuracy
performance. In the second benchmark, pedestrian matching evaluated for grouping
pedestrians. And In the third benchmark pedestrian recognizing evaluated for

recognizing same pedestrian that passes multiple times.

5.1. Pedestrian and Face Extraction Benchmarks

In this benchmark, pedestrian and face extracting evaluated with the five
different pre-trained front face configuration files:

haarcascade_frontalface_alt.xml
haarcascade_frontalface alt_tree.xml
haarcascade_frontalface_alt2.xml
haarcascade_frontalface_default.xml

Ibpcascade_frontalface.xml

and benchmark results fetched from the time consumed for video dataset file total
time and per frame time in milliseconds for runtime performance and total faces
founded in video dataset file and the amount of true positive and false positive for
accuracy performance.

For a brief conclusion for this benchmark, haarcascade_frontalface_alt.xml
configuration file is give best performance by far with low false positive values.
Beside that most of the time, xml configuration files results give close amount of true
positive values. And the video dataset files that has the leaving action happening

gives low and all false positive values for face detection because pedestrians' faces
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turned back to the cameras. All benchmarks evaluated with a 1300*400 defined
region to decrease the processing time and false detections from out of region.

Table 5.1. Extraction results with haarcascade_frontalface default.xml for indoor
video feeds.
Total Time Frame Time

Video Name Frames (milliseconds) (milliseconds) Total Face TP  FP
inP1C1 116 66610 574 45 44 1
inP1C2 120 68502 570 43 41 2
inP1C3 113 63536 562 42 40 2
inP1G1 178 136774 768 2 0 2
inP1G2 150 115632 770 3 0 3
inP1G3 166 125359 755 7 0 7
inP2C1 122 67378 552 49 46 3
inP2C2 151 86955 575 65 58 7
inP2G1 168 128275 763 6 0 6
inP2G2 147 109589 745 18 0 18
inP3C1 135 78901 584 48 37 11
inP3C2 123 69821 567 43 40 3
inP3C3 164 95603 582 59 58 1
inP3G1 169 127753 755 10 0 10
inP3G2 167 126943 760 8 0 8
inP3G3 157 115551 735 4 0 4
inP4C1 144 81757 567 59 S7 2
inP4C2 133 77449 582 52 50 2
inP4C3 115 59469 517 53 50 3
inP4G1 160 122117 763 2 0 2
inP4G2 156 119985 769 1 0 1
inP4G3 166 123931 746 9 0 9
inP5C1 114 62234 545 47 46 1
inP5C2 124 71504 576 41 40 1
inP5G1 154 110961 720 11 0 11
inP5G2 174 126570 727 6 0 6
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Table 5.2. Extraction results with haarcascade_frontalface default.xml for outside
video feeds.

Video Name Frames Total Time Frame Time Total Face TP FP
(milliseconds) (milliseconds)

outP1C1 156 99229 636 54 32 22
outP1C2 107 63031 589 44 39 5

outP1C3 137 85227 622 54 35 19
outP1G1 164 121394 740 27 0 27
outP1G2 160 117536 734 29 0 29
outP1G3 148 111518 753 20 0 20
outP2C1 134 76240 568 66 52 14
outP2C2 163 88686 544 77 53 24
outP2G1 172 124606 124 19 0 19
outP2G2 163 120484 739 30 0 30
outP3C1 156 101096 648 52 37 15
outP3C2 117 70016 598 42 37 5

outP3C3 110 69753 634 48 34 14
outP3G1 178 129879 729 15 0 15
outP3G2 166 122080 735 20 0 20
outP3G3 160 117257 732 17 0 17
outP4C1 135 79286 587 65 46 19
outP4C2 118 61868 524 70 48 22
outP4C3 112 58877 525 74 52 22
outP4G1 136 102879 756 11 0 11
outP4G2 161 114520 711 22 0 22
outP4G3 151 111645 739 17 0 17
outP5C1 116 70658 609 42 39 3

outP5C2 133 80840 607 56 40 16
outP5G1 162 119904 740 23 0 23
outP5G2 201 141977 706 18 0 18
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Table 5.3. Extraction results with haarcascade frontalface alt.xml for indoor video
feeds.

Video Name Frames Total Time Frame Time Total Face TP FP
(milliseconds) (milliseconds)

inP1C1 116 42613 367 43 42 1
inP1C2 120 43877 365 42 42 0
inP1C3 113 41819 370 39 39 0
inP1G1 178 72373 406 0 0 0
inP1G2 150 61822 412 0 0 0
inP1G3 166 244528 1473 1 0 1
inP2C1 122 45783 375 38 38 0
inP2C2 151 53906 356 o1 50 1
inP2G1 168 69149 411 0 0 0
inP2G2 147 61703 419 0 0 0
inP3C1 135 52577 389 34 30 4
InP3C2 123 46174 375 39 39 0
inP3C3 164 59881 365 48 48 0
inP3G1 169 69998 414 1 0 1
inP3G2 167 68496 410 1 0 1
inP3G3 157 64970 413 1 0 1
inP4C1 144 50877 353 52 51 1
inP4C2 133 47921 360 46 45 1
inP4C3 115 41150 357 46 46 0
inP4G1 160 65450 409 0 0 0
InP4G2 156 64015 410 1 0 1
InP4G3 166 67675 407 4 0 4
inP5C1 114 41857 367 41 41 0
inP5C2 124 45548 367 37 36 1
inP5G1 154 63036 409 6 0 6
inP5G2 174 69533 399 1 0 1
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Table 5.4. Extraction results with haarcascade_frontalface alt.xml for outside video
feeds.

Video Name Frames Total Time Frame Time Total Face TP FP
(milliseconds) (milliseconds)

outP1C1 156 57294 367 31 31 0
outP1C2 107 39277 367 40 39 1
outP1C3 137 50036 365 35 35 0
outP1G1 164 65584 399 3 0 3
outP1G2 160 63969 399 1 0 1
outP1G3 148 59992 405 0 0 0
outP2C1 134 46689 348 52 52 0
outP2C2 163 57535 352 53 52 1
outP2G1 172 68582 398 2 0 2
outP2G2 163 65027 398 0 0 0
outP3C1 156 57941 371 37 37 0
outP3C2 117 44108 376 36 36 0
outP3C3 110 42001 381 33 33 0
outP3G1 178 71493 401 0 0 0
outP3G2 166 67014 403 1 0 1
outP3G3 160 65366 408 1 0 1
outP4C1 135 48702 360 42 41 1
outP4C2 118 41321 350 48 48 0
outP4C3 112 39687 354 51 50 1
outP4G1 136 55925 411 3 0 3
outP4G2 161 64703 401 0 0 0
outP4G3 151 60872 403 1 0 1
outP5C1 116 42587 367 38 38 0
outP5C2 133 48310 363 39 39 0
outP5G1 162 65274 402 2 0 2
outP5G2 201 79658 396 3 0 3
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Table 5.5. Extraction results with haarcascade_frontalface alt2.xml for indoor video
feeds.

Video Name Frames Total Time Frame Time Total Face TP FP
(milliseconds) (milliseconds)

inP1C1 116 49922 430 52 47 5
inP1C2 120 52700 439 51 45 6
inP1C3 113 50668 448 45 40 5
inP1G1 178 99538 559 11 0 11
inP1G2 150 83603 557 16 0 16
inP1G3 166 90694 546 21 0 21
inP2C1 122 52615 431 55 48 7
inP2C2 151 63412 419 65 53 12
inP2G1 168 91410 544 22 0 22
inP2G2 147 80578 548 20 0 20
inP3C1 135 61889 458 52 31 21
InP3C2 123 54847 445 47 35 12
inP3C3 164 70901 432 63 49 14
inP3G1 169 94542 559 14 0 14
inP3G2 167 90860 544 16 0 16
inP3G3 157 82159 523 8 0 8
inP4C1 144 56790 394 63 55 8
inP4C2 133 53902 405 52 50 2
inP4C3 115 42645 370 59 51 8
inP4G1 160 83105 519 8 0 8
InP4G2 156 81102 519 7 0 7
InP4G3 166 84634 509 21 0 21
inP5C1 114 46064 404 49 43 6
inP5C2 124 51739 417 52 40 12
inP5G1 154 76856 499 16 0 16
inP5G2 174 86679 498 24 0 24
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Table 5.6. Extraction results with haarcascade_frontalface alt2.xml for outside video
feeds.

Video Name Frames Total Time Frame Time Total Face TP FP
(milliseconds) (milliseconds)

outP1C1 156 68169 436 59 30 29
outP1C2 107 43326 404 46 39 7

outP1C3 137 58539 427 53 35 18
outP1G1 164 81810 498 32 0 32
outP1G2 160 80613 503 33 0 33
outP1G3 148 73520 496 25 0 25
outP2C1 134 51558 384 78 52 26
outP2C2 163 64459 395 83 53 30
outP2G1 172 85818 498 22 0 22
outP2G2 163 80649 494 32 0 32
outP3C1 156 68834 441 64 36 28
outP3C2 117 50361 430 45 35 10
outP3C3 110 47364 430 51 34 17
outP3G1 178 91107 511 23 0 23
outP3G2 166 83994 505 34 0 34
outP3G3 160 81308 508 22 0 22
outP4C1 135 54070 400 66 46 20
outP4C2 118 45793 388 64 48 16
outP4C3 112 41730 372 69 52 17
outP4G1 136 68655 504 21 0 21
outP4G2 161 80001 496 29 0 29
outP4G3 151 75059 497 30 0 30
outP5C1 116 47264 407 46 39 7

outP5C2 133 55019 413 61 40 21
outP5G1 162 79448 490 35 0 35
outP5G2 201 98711 491 20 0 20
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Table 5.7. Extraction results with haarcascade_frontalface_alt_tree.xml for indoor
video feeds.

Video Name Frames Total Time Frame Time Total Face TP FP
(milliseconds) (milliseconds)

inP1C1 116 59126 509 57 46 11
inP1C2 120 59232 493 72 46 26
inP1C3 113 56712 501 59 43 16
inP1G1 178 121889 684 34 0 34
inP1G2 150 93978 626 44 0 44
inP1G3 166 106911 644 41 0 41
inP2C1 122 57348 470 67 48 19
inP2C2 151 68219 451 93 56 37
inP2G1 168 102140 607 54 0 54
inP2G2 147 89244 607 45 0 45
inP3C1 135 70421 521 68 31 37
inP3C2 123 61498 499 64 35 29
inP3C3 164 80384 490 79 53 26
inP3G1 169 105866 626 43 0 43
inP3G2 167 103913 622 43 0 43
inP3G3 157 93566 595 56 0 56
inP4C1 144 69292 481 79 54 25
inP4C2 133 65016 488 72 50 22
InP4C3 115 51480 447 72 50 22
inP4G1 160 103250 645 41 0 41
inP4G2 156 102221 655 39 0 39
inP4G3 166 101309 610 45 0 45
inP5C1 114 54416 477 67 47 20
inP5C2 124 62659 505 67 40 27
inP5G1 154 97874 635 45 0 45
inP5G2 174 109231 627 59 0 59
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Table 5.8. Extraction results with haarcascade_frontalface alt_tree.xml for outside
video feeds.

Video Name Frames Total Time Frame Time Total Face TP FP
(milliseconds) (milliseconds)

outP1C1 156 84127 539 70 32 38
outP1C2 107 49382 461 75 39 36
outP1C3 137 66422 484 87 36 51
outP1G1 164 95377 581 57 0 57
outP1G2 160 93160 582 62 0 62
outP1G3 148 85290 576 61 0 61
outP2C1 134 61339 457 81 52 29
outP2C2 163 75212 461 105 52 53
outP2G1 172 96962 563 66 0 66
outP2G2 163 92512 567 71 0 71
outP3C1 156 77486 496 88 35 53
outP3C2 117 56826 485 75 35 40
outP3C3 110 54065 491 61 33 28
outP3G1 178 102775 577 67 0 67
outP3G2 166 98699 594 71 0 71
outP3G3 160 91922 574 60 0 60
outP4C1 135 61759 457 88 45 43
outP4C2 118 53032 449 77 48 29
outP4C3 112 49242 439 75 52 23
outP4G1 136 80063 588 42 0 42
outP4G2 161 93806 582 o1 0 51
outP4G3 151 91232 604 45 0 45
outP5C1 116 55038 474 61 39 22
outP5C2 133 64709 486 75 40 35
outP5G1 162 93426 576 58 0 58
outP5G2 201 115027 572 78 0 78
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Table 5.9. Extraction results with Ibpcascade_frontalface.xml for indoor video feeds.

Video Name Frames Total Time Frame Time Total Face TP FP
(milliseconds) (milliseconds)

inP1C1 116 39918 344 47 47 0
inP1C2 120 41438 345 43 42 1
inP1C3 113 39436 348 42 41 1
inP1G1 178 51946 291 0 0 0
inP1G2 150 45137 300 1 0 1
inP1G3 166 48821 294 0 0 0
inP2C1 122 41171 337 43 43 0
inP2C2 151 49398 327 55 52 3
inP2G1 168 49578 295 2 0 2
inP2G2 147 44112 300 1 0 1
inP3C1 135 44744 331 43 39 4
inP3C2 123 41506 337 43 39 4
inP3C3 164 53101 323 56 o1 5
inP3G1 169 50009 295 3 0 3
inP3G2 167 49264 294 3 0 3
inP3G3 157 46489 296 2 0 2
inP4C1 144 47717 331 56 55 1
INP4C2 133 44515 334 50 48 2
InP4C3 115 39994 347 52 52 0
inP4G1 160 46959 293 0 0 0
inP4G2 156 45709 293 0 0 0
inP4G3 166 48353 291 2 0 2
inP5C1 114 39007 342 47 47 0
InP5C2 124 41029 330 42 41 1
inP5G1 154 45279 294 5 0 5
InP5G2 174 49789 286 1 0 1
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Table 5.10. Extraction results with Ibpcascade_frontalface.xml for outside video
feeds.

Video Name Frames Total Time Frame Time Total Face TP FP
(milliseconds)  (milliseconds)

outP1C1 156 46773 299 31 30 1
outP1C2 107 36826 344 42 39 3
outP1C3 137 42740 311 34 32 2
outP1G1 164 45421 276 1 0 1
outP1G2 160 44586 278 1 0 1
outP1G3 148 41943 283 2 0 2
outP2C1 134 44295 330 51 50 1
outP2C2 163 51318 314 55 o1 4
outP2G1 172 47568 276 5 0 5
outP2G2 163 45768 280 5 0 5
outP3C1 156 47878 306 39 36 3
outP3C2 117 38891 332 38 36 2
outP3C3 110 37236 338 37 34 3
outP3G1 178 49918 280 13 0 13
outP3G2 166 46637 280 5 0 5
outP3G3 160 44882 280 3 0 3
outP4C1 135 43203 320 43 43 0
outP4C2 118 40526 343 49 48 1
outP4C3 112 38764 346 50 48 2
outP4G1 136 39717 292 7 0 7
outP4G2 161 45109 280 3 0 3
outP4G3 151 42513 281 3 0 3
outP5C1 116 37957 327 38 37 1
outP5C2 133 42210 317 40 40 0
outP5G1 162 45426 280 5 0 5
outP5G2 201 54180 269 2 0 2

Pedestrian and face extraction process is a heavy time consuming image
processing phase, XML configure file must be chosen carefully to lower the time for
processing. According to these results, haarcascade frontalface alt.xml and
Ibpcascade_frontalface.xml XML files gives good results with low false positive face
detections. In this benchmark, haarcascade_frontalface_alt.xml XML file has lower
true positive detections than Ibpcascade_frontalface.xml XML file but with lower

false positive detections. And, for a decent face recognization every pedestrian must

49



5. RESEARCH AND DISCUSSION Erhan TURAN

be grouped with at least 15 images of face detected so
haarcascade_frontalface_alt.xml file can be used with least time for processing.

5.2. Pedestrian Matching Benchmarks

In this study, matching pedestrians is very important step to deduct the group
of faces from the pedestrians to train a face recognizer model. This benchmark run
with five different XML files on inside and outside video feeds. A good pedestrian
matching will provide enough face samples to run face recognizer with an acceptable

accuracy.

Table 5.11. Grouping results after pedestrian matching process for each XML file.

Cascade Classifier XML File

default Alt alt2 alt_tree Ibp

ID In Out In Out In Out In Out In Out
-1 240 489 89 36 423 619 1032 1278 245 102
0 56 30 46 30 21 30 25 31 26 34
1 39 36 41 35 46 36 25 36 46 35
2 33 45 28 40 35 45 45 44 19 42
3 48 51 39 51 46 51 28 51 33 42
4 42 38 26 37 32 38 34 39 46 36
5 46 38 39 38 29 38 21 38 19 39
6 40 35 43 35 46 35 43 35 22 35
7 39 47 41 47 45 47 42 47 21 50
8 31 39 3% 39 39 39 46 39 18 39
9 37 33 21 32 21 33 39 33 31 33
10 39 29 43 33 44 29 42 34 23 28
11 44 51 38 51 39 52 39 51 38 47
12 - 51 20 48 20 51 18 51 34 40
13 - - 23 - 23 - 23 - 18 -

As seen in Table 5.11. false positive face detections can't be grouped and
remains under -1 group ID, which is the ungrouped default value for group ID. In
both, inside and outside video feeds, there are 13 pedestrians entering and leaving
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videos. So the grouping must find 13 groups for inside and outside video feeds.
Because of unwanted interrupts inside consecutive video frame some of the groups
can be divided into two groups. And on the other side, matching can connect two
groups as one group which decrease the founded groups count. Matching pedestrian
can be time consuming with the amount of false positive faces and Pedestrian
Watcher does not classifies these faces under any group. These results point out that
using haarcascade_frontalface_alt.xml XML file to detect faces is most effective for

both runtime and accuracy performance.

5.3. Pedestrian Recognition Results

Pedestrian recognition results, has two sub parts, first part is the classification
of incoming pedestrians from inside video feeds, for a building surveillance system,
entering inside is the first action of the pedestrian, so pedestrian recognization must
start from inside video feeds and after finishing classification system can pass to the
second part, predict outside video feeds because all outside feeds are absolutely
belongs to a pedestrian from inside video feeds.

In this study, haarcascade_frontalface_alt.xml XML file based pedestrian
recognition process evaluated and as seen in the Table 5.11. there are 13 groups for
inside video feeds and 12 groups for outside video feeds founded after pedestrian

matching. For outside video feeds there is one pedestrian group undetected.

Table 5.12. Face Recognizer training results for inside video feeds.

Pedestrian ~ Actual Group ID  Predicted Group ID ~ Trimmed Group ID

P1 1-7-11 1-7-11 1
P2 2-12-13 2-12-13 2
P3 0-4-9 0-4 0
P4 3-6-10 3-6-10 3
PS 5-8 5-8 5
P3 - 9 9
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After processing face recognition training, Pedestrian Watcher decreased to 6
groups of pedestrian and actual unique pedestrian count was 5. Group ID number 9
from pedestrian P3 left out from its united pedestrian ID groups. After trimming the
pedestrian group IDs, face recognizer will be re-trained with decreased pedestrian

IDs for better prediction for outside video feeds.

Table 5.13. Face Recognizer predicts for outside video feeds

Pedestrian Actual ID Predicted ID Count Mean
P1 1 1 8 2990
P1 1 5 13 3085
P1 1 3 8 3310
P1 1 2 1 3514
P3 0 0 7 2745
P3 0 5 28 2774
P4 3 3 40 3248
P2 2 5 12 3044
P2 2 2 39 3246
P5 5 5 37 3195
P1 1 5 27 3139
P1 1 1 11 3376
P3 0 5 30 2647
P3 0 0 5 3027
P4 3 3 47 3180
P5 5 5 34 3055
P5 5 1 5 3410
P3 0 5 20 2622
P3 0 0 12 3032
P1 1 1 8 2991
P1 1 5 11 3114
P1 1 3 14 3339
P2 2 1 1 2872
P2 2 2 38 3148
P2 2 5 12 3151
P4 3 3 48 3229
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Prediction of outside video feeds results showed in Table 5.13. Consecutive
pedestrian results presents for one outside video feed group ID, some predictions
only one result which is the true prediction of the pedestrian and the others has two
or more prediction which one of them are the true prediction of pedestrian. More
than one prediction results makes it difficult to identify the pedestrian identity. At
this point to decrease to one prediction, count and mean of the prediction can be used
to order them. Count shows the number of predicted ID and mean is the mean of all
predicted ID's confidence values. A lower mean shows a better recognization and
high count values indicates the pedestrian prediction is the most predicted group ID.
If prediction results decreased to one prediction considering the mean of predictions,
outside video feeds predicted with 8 true and 5 false predicted group ID, on the other
hand if the predicted results decreased to one prediction considering the count
amount of the predictions, outside video feeds predicted with 7 true and 6 false
predicted group ID. Because of P3 pedestrian uniting group IDs performance was
poor, P3 group ID predictions for outside video feeds also gives inaccurate results.
Origin of the problem, comes from the video quality of the P3 pedestrian video
feeds.

Beside this video and image quality problem, all three steps show fairly
efficient performance to aid people in charge for video surveillance systems.
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6. CONCLUSION

In this thesis, an intelligent video surveillance system is designed and
developed. Before development of the software, face and pedestrian detection
evaluated for runtime and accuracy performance to find an optimum face and
pedestrian detection infrastructure for the Pedestrian Watcher software. In
benchmark results, for a 1300*400 pixel resolution all configurations consume more
than 500 ms with CPU computing, this processing time can be decrease by resizing
the region size to half size and using GPU aided computing.

In the second phase of image processing same performance enhancement can
be applied to decrease the processing time with the sacrificing some key points
founded and could be matched in two pedestrian images.

Third phase of the image processing results are depend on the first phase of
the image processing and video recording quality. A progressive scanning camera
should eliminate the blurred images which leads to wrong and multiple prediction
results for outside video feeds.

As a conclusion, in this study, after the enhancements for performance,
Pedestrian Watcher software could help the people in charge of the passive video
surveillance systems for easily watch entering and leaving actions of the pedestrians

in the buildings.
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