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Abstract

In recent years, due to the rapid development of sensor devices, many types of
multimedia sensor data can be collected and analyzed to develop useful multimedia
applications such as human activity recognition system. Realizing Lifelog which is
to memorize life of people as digital data became much easier compared to before.
As a result, various Lifelog Analysis Applications using collected sensor data have
developed. However, for these Lifelog analysis applications, the quality of input
data has not been considered in detail.

So, in this study, “Lifelog analysis application that verbalize human action” was
actually assumed to be an example, and evaluated how the difference of quality
of input data, for example, the frame rate of collected video data or interval of
collecting acceleration sensor data or image quality of video data would influence
the analysis of result of application. In my experiment, I have dealt with following
three kinds of data quality of input data, that is video data and acceleration data,
through actual experiment.

Data quality A Image quality of each frame of video data

Data quality B Obtained number of video data and acceleration data/data quan-
tity per second

Data quality C Packet loss rate of video data when communicating through
WLAN

I have implemented Lifelog Analysis Application and experimented the impact
of input data quality on the result of human activity recognition system at real
environment — Ocha House. Ocha House is a Japanese home setup to conduct
Cyber Physical System experiments using several multimedia camera sensors to
monitor and capture human motions and activity data in an end-to-end wireless
multimedia network environment. That is, the collected human motions and ac-
tivity data in Ocha House are transmitted real time over the WLAN to a server
for processing and analysis in human activity recognition application. I have eval-
uated the correlation between input data quality and the result of human activity
recognition system Quantitatively.

In addition, I have concerned to introduce the Lifelog Analysis Application to
each family as abnormal activity detection system inside a smart house. When
considering setting up the system in each house, it is effective to collect and analyze
the sensor data on Cloud environment. I have also proposed how to implement
the system in many houses, and evaluated how to migrate the data quickly and
securely.
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Chapter 1

Introduction

In recent years, with the rapid development of small and high technological
devices such as network cameras, smart phones, and a log of kinds of sensor devices,
many types of physical data such as multimedia sensor data can be collected
from real world, and many types of cyber data such as SNS (Social Networking
Service) data can be collected on cyber space like the Internet. These variety and
unstructured big data will be stored on a massive scale almost without having to
worry about the capacity of the storage. If I provide some processing methods
toward these kinds of data, the data will be converted to useful information for
people. The representative system to do data processing is called Lifelog Analysis
Application which offer the user profitable information such as person’s activity
history, person’s health condition with an analysis of network connected terminals
like sensor terminals, smart phones and so on. Lifelog means the record of human
life as digital data.

As shown in Tab. 1.1, there are many kinds of Lifelog Analysis Application,
for example, GPS data will be converted to User’s access history and favorite place
then the Application can push coupon information which can used near the user’s
place. Call history, Email history, and SNS commented history will analyzed to
know user’s friend ship, and the system or application can recommend the friend

who the user may know. If meal menu data is collected as picture data or text



data, that information can help user maintain a nutritional balance. Shopping

history collected on online shopping store will be analyzed to know user’s favorite

thing, and the store can recommend what user will want next.

Table 1.1: Examples of Lifelog Analysis Application
Collected Data Converted Information

User’s access history,

GPS, Geological data favorite place Push coupon information near user
Call history

Email history
SNS comment history

Representative Service

User’s friendship
User’s calorie balance
Shopping history User’s favorite thing

friend recommendation
Health care system
Recommend what user will want

meal menu

In each application, many kinds of sensor data is converted to useful informa-

tion for people. This whole system is called CSP (Cyber Physical System) or IoT
(Internet of Things) (Fig. 1.1).

Physical Data Cyber Data
_ a
@ g ’ (@) OGREeE
mobage Application
L —

<< Use}‘dl Information

Lifelog Analysis

Human Activity Recognition

. Action Histo
Data Collection & o

-t H Health Conditi d
Accumulation ) ,Data ProceSS|ng ealth Conditionand so on...

i
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Figure 1.1: The System called CPS and IoT

Nowadays, “CPS”and “IoT”are very popular words. The meaning of these
words is that everything exists in the world have the ability to connect to the

network or communicate each other to do automatic recognition and automatic




control. It is said that the number of devices connected to the Internet will be
about 26 billion by 2020. This technology will penetrate the real world with
wider use of method and anyone can receive benefits of the technology Anytime,
anywhere.

[oT and CPS also have relationship with a lot of research area, for example,
information security, medical health care, smart city or smart house, and wireless
sensor network. The detail of these research is introduced in chapter 2. I suggest
there is a issue cannot be ignored in IoT and CPS area, which is the “data quality”.
When considering collecting data from sensor space and transmitting the data
with wireless network to some analysis system or application, to take account
of “data quality”is really important. If the data quality deterioration caused by
sensor device failure when collecting data, the validity of the analysis system or
application cannot be guaranteed. If I just collect the highest quality data, the
storage will be filled up and it is not efficient.

There are many past and existing Lifelog Analysis Application research work
focused solely on processing speed, algorithms, or how to collect high quality data
in terms of their human activity recognition accuracy. However, these research
work lack the understanding of end-to-end system characteristics affecting the
captured multimedia sensor data quality that will impact the the accuracy of
Lifelog Analysis Application. Thus, my objective of this research work is to study
and analyze the impact of the quality on the Lifelog Analysis Application accuracy
in the end-to-end multimedia system environment — OchaHouse. OchaHouse is a
Japanese home setup to conduct cyber-physical system experiments using several
multimedia camera sensors to monitor and capture human motions and activity
data in an end-to-end wireless multimedia network environment. That is, the
collected human motions and activity data in OchaHouse are transmitted real

time over the WLAN to a server for processing and analysis in Lifelog Analysis



application.
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Figure 1.2: The purpose of this research

The goal of this study is to evaluate the impact caused by the quality of input
data to Lifelog analysis application with quantitative indicators. In other words,
as shown in the Fig. 1.2, I suppose a typical human activity recognition system
of which the input data is video image, acceleration data, and sound data col-
lected in a sensor space, and it provides users the result of analysis by applying
some theoretical data processing to the input data. The data quality evaluation
experiments have been executed to know how the difference of input data quality
results in the output of the application. For example, while only a small number
of frame drops or little noise will hardly influence the result of the human activity
recognition system, if there are a lot of dropped frames or noise, the application
would not be able to output the correct results. Therefore, it is important to
clarify the quantitative indicators to show which level of data quality is required
for the application to work correctly.

I have implemented a Human Activity Recognition System as a typical Lifelog
Analysis Application. The input data of the system is the video data and ac-

celeration data collected with sensor devices, and output of the system is the



verbalization of human’s activity. I have utilized this Human Activity Recognition
System to evaluate the impact of input data quality on the system output.

I assumed two kinds of data quality deterioration. One is the data quality
deterioration when collecting data with sensor devices. That can occur by the
failure of the sensor devices. The other is the data quality deterioration when
transmitting the data trough network. That can occur by radio wave interference.
The data deterioration type will differ in this two cases. I have done following
three data quality evaluation experiment to reproduce several types of data quality

deterioration.

Data quality A Image quality of each frame of video data

Data quality B Obtained number of video data and acceleration data / data

quantity per second

Data quality C Packet loss rate of video data when communicating through

Wireless LAN (Verbalization Application)

Data quality D Packet loss rate of video data when communicating through

Wireless LAN (GTW algorithm)

In the data quality evaluation experiment A, I have utilized following four kinds
of image data : “blurred image”, “vertical to the blurred image”, “next to blurred
image”, and “resolution degraded image”. The quality of each image is changed
artificially with applying four kinds of filtering function, and I have shown the
correlation between input image quality and the accuracy of the system.

In the data quality evaluation experiment B, the image data and acceleration
data is the input data, and the frames rate is artificially varied from 10 frame /
sec to one frame / sec. I have shown the correlation between input data frame

quality and the accuracy of the system.



In the data quality evaluation experiment C, and D, I have experimented the
impact of the WLAN communication quality on the Human Activity Recognition
System accuracy in the end-to-end networked multimedia system environment —
OchaHouse (Fig. 1.3). OchaHouse is a Japanese home setup to conduct cyber-
physical system experiments using several multimedia camera sensors to monitor
and capture human motions and activity data in an end-to-end wireless multimedia
network environment. That is, the collected human motions and activity data in
OchaHouse are transmitted real time over the WLAN to a server for processing and
analysis in Human Activity Recognition System. In this experiment, I have utilized
two types of Human Activity Recognition System, one is the system to verbalize
human’s activity, and the other is the system to align multi-modal sequences from

multiple human subjects performing similar human motion activities.
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Figure 1.3: Data collection inside OchaHouse

In addition, I have concerned to introduce the Lifelog Analysis Application to
each family as abnormal activity detection system inside a smart house. When
considering setting up the system in each house, it is effective to collect and analyze
the sensor data on Cloud environment. As shown in Fig. 1.4, I have also proposed

how to implement the system in many houses, and evaluated how to migrate the



system quickly and securely.
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Figure 1.4: Lifelog Analysis Application on inter-Cloud

Outline. I discuss the related work of this research in chapter 2. In chapter 3, I

describe the behavior of my Human Activity Recognition System and development

environment including OchaHouse and sensor space. In chapter 4, I propose data

quality evaluation framework for evaluating the data quantitatively. In chapter

5, I show evaluation experiment environment of the Human Activity Recognition

sSstem and experiment result of data quality evaluation experiment A, B, and

C. In chapter 6, I propose how to expand the system on inter-Cloud. Finally I

conclude this thesis in chapter 7.



Chapter 2
Related Work

2.1 IoT and CPS

In IoT and CPS research area, many kinds of research work has done before.
Many researchers engaged in IoT and CPS technologies have focused on its archi-
tecture or modeling, security, devices, and network. Many researchers has focused
on security as they have to collect many types of data including sensitive data. In
the reference [1][2][3], the authors are applying the technology to medical architec-
ture and considering security. The network is also an important topic to consider
IoT and CPS technology. In the reference [4][5][6], some architecture are proposed
and how to control network model with middle ware is concerned. Some services
or systems utilizing the IoT or CPS technology are proposed in [7][8][9][10][11]
including IoT for smart cities [12].

My work is different with these IoT or CPS work as I have concerned the
collected data quality and network quality to collect or store the sensor data effi-

ciently.

2.2 Lifelog Analysis Application

A lot of work to recognize human activity with analysis of Lifelog data col-

lected with sensor terminals have been performed and some of them are introduced



[13][14]. In the reference [15][16], a large amount of acceleration data collected with
sensor terminals attached to people was studied and used to recognize the human
activity. As a result, increasing the volume of collected data would improve the
recognition rate. In the reference [17][18], activity information sharing system
with which people can see others’ activity and compare with himself has been pro-
vided by collecting acceleration and video data of human activities. The collected
lifelog has been intensively used for location-based systems such as [19], in which
a method for predicting the future location of the human based on the lifelog was
discussed. In [20], a method was discussed to build context modeling for recogni-
tion of a human behavior. They proposed a hierarchical spatio-temporal context

modeling.

2.3 Wireless Communication Quality

As one of the data quality evaluation experiments, I have focused on WLAN
communication quality when collecting input data. I will discuss the research
about WLAN communication quality. A WLAN defines multiple transmission
rate to keep the bit and/or frame error rates to be proper values, and appropriate
transmission rates are selected depending on the bit error state. The multi-rate
control works as follows: when a fine radio environment can be obtained, a higher
transmission rate is selected, if a higher transmission rate cannot be kept due to a
poor radio environment, a lower transmission rate is selected. With such a mech-
anism, the multi-rate control can accommodates multiple terminals in different
conditions. 11, 5.5, 2 and 1 Mbps are defined for IEEE802.11b and 54, 48, 36, 24,
18, 12, 9 and 6 Mbps are defined for IEEE802.11a/g as standard values in multi-
rate control. Like [21] and [22], efficient rate adoption method and technique have
been proposed, and [23] have evaluated the performance of multi-rate throughput

with real-terminal.



For any Human Activity Recognition System, it requires the integration of the
sensor devices to the network such as WLAN, for the transmission of captured
data for analysis. Some researchers attach sensor devices such as gesture-based
movement acceleration and medical measurement sensor devices directly to users
and send the captured data via wireless network to the server for ANALYSIS
(computer vision and image processing). In this work [24], Francesca De Simone
et al. evaluated the video quality at the premises of two academic institutions.
The video data include the packet loss data when transmitting via IP networks
and groups of people are asked to rate the quality. In my research, I evaluated the
video quality with GTW algorithm and its variants, which is the reliable quan-
titative evaluation. The research works that are related to Human Recognition
System in the smart house are also performed. Simon Moncrieff et al. in [25]
have developed “anxiety framework”to determine hazards such as abnormal activ-
ity inside the smart house. Lian Wang et al. in [26] have used wearable sensors
and wireless networks to recognize multi-user activities inside the smart house.
In these research, it exists the same problems of WLAN packet loss due to the
network transmission but such research neglected the persistent network impact
on the system quality. As such, my research work is the first that presents new
findings and important observations that cannot be ignored in a total system view

for end-to-end system quality.

2.4 Inter-Cloud

I have proposed how to utilize this human activity recognition system on inter-
Cloud environment. If a lot of family are using this system, setting up the storage
and servers inside a personal house if not efficient. The storage and the servers
to analyze the collected data should be on Cloud side, and Virtual Machine (VM)

should analyze the data. I have considered a method to transmit VMs faster and

10



securely.

The research in the area of VM migration mainly focused on optimizing migra-
tion performance through live migration. The mechanism of live migration which
is a migration that not to stop VM before and after the migration is explained
in [27] and mechanism is explained in [28]. In [29], the scalability of application
services on Inter-Cloud is discussed. In [30], the technology that enables live mo-
bility of VM on Inter-cloud is discussed but privacy and security is required. [31]
and [32] is also discussing migration performance improvement.

As for the security consideration, J. Rexford et. al have come out with no
hypervisor. Securing hypervisor architecture is one of the good methods to achieve
secure migration, but the method proposed is not sufficient as the vulnerabilities in
current migration mechanisms. While the semantics and performance of live VM
migration are well explored, the security aspects have received very little attention
in an optimistic point of view, I are planning to develop a method that satisfies
both characteristic - security and performance - paying attention to the trade-off
between them.

My research is different from others because I have considered end-to-end sys-
tem. Then the captured and collected data in the storage should be sent to the
terminal for data processing, and there should be data quality deterioration de-
pending on the quality of communication environment. I have shown the cor-
relation between data quality deterioration rate and the accuracy of the system

result.

11



Chapter 3

Human Activity Recognition
System

In this chapter, the behavior of my Lifelog Analysis Application is explained.
The goal of this work is to evaluate the influence of input data quality change
on Lifelog Analysis Application quantitatively. When considering utilizing the
Lifelog Analysis Application efficiently, various type of data quality deterioration
will occur. This quality deterioration will be caused by the data collection method,
the situation of data collection, or data transmitting method. There are a lot of
kind of Lifelog Analysis Applications and also many types of input data are used
by these application. I have tried to evaluate how the input data quality will have
impact on the output of Lifelog Analysis Application, and show the guidelines of
countermeasure. In short, since the influence of data quality deterioration appears
to come to the application level, I have shown the guideline of how to handle the
data with the result of strict evaluation.

I have utilized a Lifelog Analysis Application which recognize human action
with verbalization result as an example of Lifelog Application System. The input
data of this system are video data and acceleration data. The output is verbaliza-
tion result of human action. There was some work in which just one element of
data quality deterioration has been taken up and evaluated. But in this study, the

impact of the combination of plural data quality deterioration on the application

12



level has been evaluated.

Outline. Section 3.1 of this chapter explained how the human activity recog-
nition system behaves when the image data and acceleration data has inputed
into the system. I also show how to collect and synchronize plural input data with
camera and acceleration sensor devices, and the modeling method output process-
ing when the condition is met. In section 3.2, I will introduce the development
environment and sensor devices used in the system. I also introduce OchaHouse

which is an experimental smart house [37].

3.1 Behavior of Human Activity Recognition Sys-
tem

Sit on the chair
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Figure 3.1: Execution environment of Human Activity Recognition System

In the evaluation experiments of this study, a human recognition system that

verbalizes human activity [33] has been used. This application is called 'Lifelog
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Analysis Application’ in the rest of this paper. I have improved the application
introduced in [33], and it works as follows:

This Lifelog Analysis Application describes human activity performed in the
recorded data in natural language. As shown in the Fig. 3.1, the input data of the
verbalization application is video image data taken by two cameras set up in two
different angles in the room, as well as acceleration data taken by the SunSPOT [34]
attached to moving objects like door or chair in the room. When the verbalization
application receives the input data, video image data from two cameras and the
acceleration data, they are synchronized based on time and called as Nodel (video
data from cameral), Node2 (video data from camera2), and Node3 (acceleration
data), respectively. These nodes are processed with some data processing method,

and the verbalization application outputs verbalized expression and provides the

information for users only when the predefined conditions are met.

e
u | c:¥Users¥akika¥Documents¥Visual Studio 2008¥Projects¥AR_2011_§" = Cameral % i LE’ () ﬂ % | Camera2 o @ =2

| Time:175 L
" Opened the door of refrigerator I
: ]

Time:255
" Sat on the chair
Time:269

a3 Contour2 o B R

" Opened the door of the shelf

Time:326
" Opened the door of the room

1

Figure 3.2: Behavior of Lifelog Analysis application

The output of the Lifelog Analysis Application is the verbalized expression

of human activity. For example, as shown in the Fig. 3.2 if video images and
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acceleration data of human activity ‘open the door of the room’ are put into the
application, a verbalized expression 'Opened the door of the room’ is kept to be
outputted as a result of the analysis while the human is opening the door in the

recorded video.

3.2 Development Environment

In my experiments, verbalization application has been developed with Microsoft
Visual C++ 2008 Express Edition, and image processing of video frame has been
executed with OpenCV library [35]. Network camera for taking video is Panasonic
BB-HCMT715 (130 megapixels, wired or wireless LAN) [36], acceleration data has
been collected with SunSPOT [34]. As for the sound data, I have utilized VFW
(Video For Windows) APT [38].

3.2.1 SunSPOT : Acceleration Sensor Terminal

As shown in SunSPOT project page [34], the project SunSPOT was created to
encourage the development of new applications and devices. It is designed from
the ground up to allow programmers who never before worked with embedded
devices to think beyond the keyboard, mouse and screen and write programs that
interact with each other, the environment and their users in completely new ways.
A Java programmer can use standard Java development tools such as NetBeans
to write code.

I will explain how to collect acceleration data with sunSPOT. sunSPOT is a
wireless sensor network device developed at Sun Lab as shown in Fig. 3.3. The
device has a feature to collect acceleration data, temperature data, illumination
data, and has eight LEDs. I have developed the processing program with Java,

and the Java develop environment is Net Beans IDE 7.0.1.
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Figure 3.3: Acceleration sensor terminal SunSPOT

As shown in the Fig. 3.3, sunSPOT sensor terminal is composed of base station
terminal and remote terminal for measurement. The base station terminal is used
with USB connection to the PC, and the remote terminal is used attached with
the objects. The two kinds of the terminals communicate with wireless connection.
One base station terminal can communicate with several remote terminals, thus

multi communication is possible.

3.2.2 Access Point

I will explain the terminal with which I did data quality experiment C mentioned
in chapter 1. I have utilized wireless LAN multi pocket router MZK-MF300N [39]
developed by planex company as shown in Fig. 3.4. There are AP mode and EC

mode, IEEE802.11n, g, b is supported, and transmission rate can be fixed.
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Figure 3.4: Access point

3.2.3 OchaHouse — Human Activity Recognition System

To evaluate the performance of human activity recognition system, I collected
the real data in OchaHouse (Fig. 3.5). OchaHouse is an experimental smart house
constructed in March 2009. The purpose of the Ochahouse is to implement and
evaluate ubiquitous computing applications and cyber-physical systems research.
The objectives of the OchaHouse project include, developing everyday computing
applications, supporting health-care at home, and designing house of the future.
I have setup cameras and other sensors like motion acceleration sensor and sound
sensor to capture and collect “real”human actions inside the House. That are a
natural data of people acting spontaneously. Particularly, I discuss the image data
captured with camera in this paper. The camera is monitoring inside the house
and start recording automatically if there is some actions and moving object. I
collected a lot of kinds of human actions inside the house, for example, people
open the door, sit on the chair, wipe the desk, open the door of shelf, etc. The

human activity analytic system can detect what action people are doing inside the
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house with image processing.

i

Figure 3.5: OchaHouse
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Figure 3.6: Inside OchaHouse

As shown in the Fig. 3.6, I have installed four cameras to record the video

data from four different angles. The data captured with the cameras will be sent
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to storage immediately through WLAN. The reason why I use WLAN is that I
separated the system into three parts, data capturing part of cameras, data storage
part, and data analytic part. Camera and storage are tied with Access Point
(AP). Data sending protocol is UDP (User Datagram Protocol) as I put emphasis
on higher data rate than image data quality even if there will be packet loss. In
UDP, due to the influence of interference and noise around, packet loss will happen
and throughput will decrease as a result. I assume the following situation when
packet loss happens. The bandwidth of each terminal decreases and the quality of
communication will deteriorate in the following situations: (1) several terminals
are sharing the same AP and (2) several APs are near using closer channel. I used

the wireless network packet loss data assuming situation (1) in my research.
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Chapter 4

Data Quality Evaluation
Framework

In this chapter, I will explain Data Quality Evaluation Framework which my
proposed concept to evaluate input data quality deterioration impact on Lifelog
Analysis Application output result strictly and quantitatively. To do evaluation of
data quality deterioration impact on Lifelog Analysis Application, I have utilized
an human activity recognition system  whose input data is video data and accel-
eration data, and the input data is collected in the sensor space and transmitted
trough wireless network toward a server to do activity recognition.

A framework to clarify the data quality evaluation experiment are proposed
in this research. The framework is shown in Fig. 4.1. This framework is called
“Data Quality Evaluation Framework”. The Data Quality Evaluation Framework
is divided into three layers, data collection layer, data processing layer, and in-
formation analysis layer. In data collection layer, what is the input data of the
application and how to collect input data are defined. In data processing layer,
how the input data is processed and what is the processing model are defined. In
information analysis layer, what is the output of the application in other words,

what is the analysis result are defined.
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Figure 4.1: Concept of Data Quality Evaluation Framework

I suggest that the input data quality of Lifelog Analysis Application should
be evaluated with this data quality evaluation framework. This framework is well
defined because each of the layers are independent. Thus if Lifelog Analysis Ap-
plication has some data quality problem, the problem can be absorbed in other
layers. For example, if the input data quality of some Lifelog Analysis Applica-
tion changes and it affects the output of the application badly, the impact of data
quality on the application output can be measured with this framework. In addi-
tion, the countermeasure can be proposed by changing or improve data processing
method defined in data processing layer. This data quality evaluation framework
can be applied to other Lifelog Analysis Application as almost all Lifelog Analysis
Application can be divided to three layer such as data input layer, data processing
layer, and information analysis layer.

Before explaining how to apply data quality evaluation framework on the sys-
tem in this research, typical lifelog analysis application will be discussed. When

analyzing lifelog, human activity recognition is an important element. Typical
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human action recognition system is shown in Fig. 4.2.
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Figure 4.2: Typical human activity recognition system
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Typically, the data is collected from some sensor devices in the human activity
recognition system, and processed with many kinds of data processing model. To
improve the processing accuracy, the elements in each model will go through the
machine learning process, and the system output some useful result for the users.
When collecting the data with sensor devices, there are two types of sensor devices
attachment, one way is attaching to human, the other way is attaching to objects.
In the experiment of this research, the sensor devices are attached to moving
objects in the house. When processing the data with some model, there are also
many types of models to apply with as shown in the Fig. 4.2. Even though the
characteristics of these models are different, they can be divided to two types, the
model which process the data per each frame, and the model which process the
data per group of fames. Thus, two representative methods are applied to the

verbalization application in the experiment of this research, Bayesian Classifier
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which process the data per each frame, and HMM which process the data per
group of frames. Each model has a track record in a variety of research fields,
and the parameter setting is relatively simple compared with another models.
After the data is processed with some models, machine learning procedures are
necessary sometimes, but in this work, the machine learning process is omitted for
reproducibility of the quality evaluation. Finally, the analysis result of the system
is output for the users.

The proposed data quality evaluation framework has been applied to a Lifelog
Analysis Application which are verbalization application and human motion align-
ment algorithm, three patterns of method have been applied.

In the first and second pattern, the process of Verbalization Application (one of
the human activity recognition system) is divided into three layers, which consists
of ’data collection layer’, 'data processing layer’ and ’information analysis layer’
as shown in Fig. 4.3 and 4.4. Data collection layer is the input part of sensor data
used for analysis, data processing layer is the part of theoretical analysis process
with data per nodes given from data collection layer, and information analysis
layer is the output part of the analyzed result given from data processing layer.
In these two patterns, two kinds of different processing methods are applied to
data processing layer, that is Bayesian Classifier model and HMM. The Bayesian
Classifier method can cover the models which process the data per each frame,
and HMM can cover the models which process the data per group of frames.
The details of characteristics of these two methods are discussed in section 4.1.3
and 4.2.3. The influence of input data quality deterioration to the behavior of
the verbalization application when verbalization has been performed through two
different logical processes have been compared and evaluated. Which approach is

suitable for absorb the variable type of data quality degradation are shown finally.

23



verbalization

Bayesian Classifier

| |
Data Cameral camera2 SuUnSPOT

Collection video video acceleration

Figure 4.3: First pattern of data quality evaluation framework for verbalization
application (Bayesian Classifier model)

verbalization

Data cameral camera2 SunsPOT
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Figure 4.4: Second pattern of data quality evaluation framework for verbalization
application (HMM)

In the third pattern, I have utilized GTW algorithm as one of the human
activity recognition system and applied GTW algorithm to data processing layer

of my data quality evaluation framework.
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Figure 4.5: Third pattern of data quality evaluation framework for human activity
recognition system (GTW)

GTW (The Generalized Time Warping) algorithm is a method of temporally
alignment of multi-modal sequences from multiple human subjects performing sim-
ilar human motion activities, which was proposed in Feng et al. [43]. The process
of GTW alignment is also divided into three layers, which consists of 'data col-
lection layer’, 'data processing layer’ and ’information analysis layer’ as shown in
Fig. 4.5. Data collection layer is the input part of image sequence data used
for analysis. In each image sequence, human are playing almost the same action
but the timing is different. Data processing layer is the part of GTW analysis
algorithm process with image per frames. Information analysis layer is the output
part of the GTW algorithm alignment result. In data quality data evaluation of
GTW algorithm, I have utilized alignment error as output which value is defined
by Feng et al.

In order to simplify the description, I define three patterns of data quality

evaluation framework as follows:

Pattern (1) Data Quality Evaluation Framework applied to Verbalization Ap-
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plication with Bayesian Classifier

Pattern (2) Data Quality Evaluation Framework applied to Verbalization Ap-

plication with HMM

Pattern (3) Data Quality Evaluation Framework applied to Human Activity

Recognition System with GTW algorithm

Outline. In section 4.1 of this chapter, I explain the process of each layer
of the Data Quality Evaluation Framework applied to Verbalization Application
with Bayesian Classifier, in section 4.2, the layers of the Data Quality Evaluation
Framework applied to Verbalization Application with HMM, and in section 4.3,
each layer of Data Quality Evaluation Framework applied to Human Activity

Recognition System with GTW algorithm.

4.1 Pattern (1) : Data Quality Evaluation Frame-
work applied to Verbalization Application with
Bayesian Classifier

4.1.1 Data Collection Layer

To begin with, data collection layer is the input part of video image data

recorded by the network cameras and acceleration data collected by SunSPOT.
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Figure 4.6: Data collection layer of Pattern (1)

In the video data processing, the contours of the difference between the current
image frame and the previous image frame for each frame are extracted (the red
line shown in Fig. 4.6), and a center of gravity of the portion surrounded by the
contours (the blue point shown in Fig. 4.6) is sought. The contours are supposed
to be moving object that is a human, and the center of gravity is center of the
human. The number of overlapping of the center of the human and an object (door,
chair, and so on) is counted, and if the count exceeds a pre-defined threshold, Bit1l
and Bit2 are marked which are bits for two network cameras.

For the acceleration data processing, Bit3 is marked when the variation of
x,y, z-axis acceleration collected each time exceeds a pre-defined threshold. As
shown in the Fig. 4.7, the input file is the raw data of x,y, z-axis acceleration

and the difference between the previous value is calculated and written to the the
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rightmost column of output file as xyz pattern. The pattern definition is shown

in Tab. 4.1. To clarify which axis of x,y, z reacted, I have defined eight patterns

of z,y, z reaction as one digit number.

“Threshold 1”in the Fig. 4.7 stands for whether each x, y, z-axis reacted or not.

“Threshold 2”stands for how many times the reacted node continue. If the zyz

pattern continue to be bigger than zero for “Threshold 2”times, the acceleration

sensor is treated as “reacted”.
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Figure 4.7: Definition of Acceleration Reaction
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Table 4.1: XYZ pattern definition

XYZ pattern || Node definition
000 0
001
010
011
100
101
110
111

|| O | W N~

These three bits, Bitl of cameral, Bit2 of camera2, and Bit3 of acceleration

sensor are given to data processing layer.

4.1.2 Data Processing Layer

For data processing layer of Pattern (1), Bayesian Classifier model have been

applied (Fig. 4.8).

Bayesian Classifier

cause
Disease

effect A - l

Test [G G G]

P(D)P(I,| D))
P(T))

Figure 4.8: Data processing layer with Bayesian Classifier model
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Bayesian Classifier is a probabilistic inference model which describes causal
relationship with conditional probability table (CPT) and predicts the cause from
results. In the modeling shown in the Fig. 4.8, CPT of a chance of testing positive
(1) for the disease (D;) is known and given. When I have the testing result (77)
and want to know which disease (D;) caused the result, I can predict the most
plausible cause, that is, disease by getting D; which maximizes the formula. Like
this medical test, Bayes model is strong in the case with many uncertainty event.

Stochastic inference is a method for calculating the probability of event B oc-
currence when the event A occurred. On the other hand, people want to find the
probability even if the condition is uncertain, for example, the cause estimation
from symptoms such as there is a fever or throat hurts to explore the pathogen-
esis, or to predict the probability of bankruptcy from sales, prohibits, assets and
borrowing situation. In these situation, Bayes model can be applied.

Bayesian Classifier has been utilized not only in medical or economic field,
but also applied to many types system in information science field. I will list
up some examples of past research using Bayesian Classifier model. Example 1 :
Email support system : Automatically open the calender application for user after
specific email was opened when needed. Example 2 : Human monitoring : Elderly
people care support, or children accident prevention

There ware also many human activity recognition system with Bayes model
mentioned in [51][52][53][54]. I have made use of Bayes model as representative
method to modeling human activity recognition.

At modeling of verbalization application in this research, ’human activities’
are the cause nodes and ’reaction of two angled network cameras and SunSPOT

reaction’ are the result nodes. Details will be discussed in section 4.1.3.
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4.1.3 Information Analysis Layer : Information analysis
based on Bayesian Classifier
I will discuss how to apply the Bayesian Classifier model to data processing
layer of the verbalization application. The modeling of verbalization application
in the information analysis layer with Bayesian Classifier is described, as shown in
Fig. 4.9.
A, : people open the door

Az: people wipe the desk
A;:people sit on the chair

P(R3 I Al)

3

Acceleration Data |
<

Figure 4.9: Modeling of verbalization application with Bayesian Classifier

Three bits information of two network cameras and SunSPOT given from data
collection layer are Ry, Ry, R3, respectively. In the modeling of verbalization ap-
plication, Ry, Ry, R3 are the result nodes and they are reaction of two network
cameras and SunSPOT, respectively. A; is the cause node and it means activities
of people and more than one activities can be defined. Note that I have listed only

three actions for convenience of explanation of modeling. The number of action
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is unlimited as long as the process time meets commensurate. In data quality
evaluation experiments, I have defined five activities of human.

For example, when the following three actions are dealt with;

e A; : people open the door
e A, : people wipe the desk
e As : people sit on the chair

With given CPT, the human activity recognition system output one action (A4;)

which maximize the following formula:

P(A;)P(R1, Ry, R3|A;)

P(A;|R1, Ry, R3) = P(Ry, Ry, R3)

Note that the detailed value of P(A;|R;, Ro, R3) is not required as only the
value ¢ which maximize the formula is important. So I have converted the formula

as follows:

argmaz P(A;i| Ry, Ry, R3)
P(A;)P(Ry, Rs, R3] A;)

= argmax - (1)

7 P(R17R27R3)
= argmaz P(A4;) P(Ry, Ry, R3|A;)

(1) Denominator is common

32



Table 4.2: Given CPT to Bayesian Classifier Model

ra A, [AAS R A A, DA LAl ra A, AR
0 o1 0 08 o0 09 09

0.4 0.5 0.1 0.9 0.01

1 0.9 0.6 0.5 1 0.9 0.1 0.2 1 0.99 0.1 0.1
s DA & DA] e DA~ DA oor DA =

0 0.9 0.1 0.9 0 0.9 0.9 0.9 0 1.0 1.0 1.0

1 0.1 0.4 0.1 1 0.1 0.1 0.1 1 0.0 0.0 0.0
e B e

0 0.9 0.9 0.1 0 0.5 0.9 0.6 0 0.2 09 0.01

1 0.1 0.1 0.9 1 0.5 0.1 04 1 0.1 0.1 0.99

CPT is the Conditional Probability table. As shown in the Fig. 4.9, I have
applied each object as the node Ry, Ry, R3. The decimal in the Tab. 4.2 is the
conditional Probability P(R;|A;), which is the probability that the event R; occurs
when A; occurs.

As for the nine CPT shown in the Tab. 4.2, the upper three CPT surrounded
by blue square are used for the action A;, the middle three CPT are used for
Action A,, and the bottom three CPT are used for A3. The three CPT in the left
line are Ry, which is the probability of the cameral sensor reacts, the middle line
CPT are R,, which is the probability of the camera2 sensor reacts, and the CPT
in the right line are Rj3, which is the probability the sunSPOT reacts.

The red number in the CPT is set smaller than other number as I emphasized
the sunSPOT reaction to make it easy to output the result when the sunSPOT
reacts. The value “0.0”is the product on which the sunSPOT is not attached.

I will show how to apply the CPT on my human activity recognition system
with blue line surrounded CPT. The leftmost CPT of blue line surrounded is

P(R;|A;), which means “the probability of the door area defined in cameral reacts

33



and the probability of that doesn’t react”.

:The probability that camera 1 sensor does not react when “the door is

opened”is 0.1.

:The probability that camera 1 sensor reacts when “the door is opened”is

0.9.

:The probability that camera 1 sensor does not react when “the desk is

wiped”is 0.4.

:The probability that camera 1 sensor reacts when “the desk is wiped”is 0.6.

:‘The probability that camera 1 sensor does not react when “people sit on

the chair”is 0.5.

:The probability that camera 1 sensor reacts when “people sit on the chair”is

0.5.

[ will explain how to determine whether the system output the human’s action
or not. I will use the case “people open the door”as a example. As it is the output
of Ay, the blue line surrounded CPT of the Tab. 4.2 is referred. I have divided
Ry, Ry, R3 to eight cases of bit from 000 to 111. The system output the result
“the door is opened”when A; maximize the formula and this is processed on each

frame of the movie data collected with camera sensor.
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1. (R, Ry, Rs)=(0,0,0)
P(Ry, Ry, Rs|A;) = 0.1% 0.1 %0.01 = 0.0001
P(Ry, Ry, Rs|As) = 0.4% 0.9 %0.9 = 0.324
P(Ry, Ry, Rs|A3) = 0.5% 0.8 % 0.9 = 0.36

No output because A; dose not maximize the formula.

2. (Ri, Rs, Rs)=(0,0,1)
P(Ry, Ry, Rs| A1) = 0.1% 0.1 %0.99 = 0.0099
P(Ry, Ry, Rs|As) = 0.4%0.9 % 0.1 = 0.036
P(Ri, Ry, Rs|A3) = 0.5%0.8 0.1 = 0.04

No output because A; dose not maximize the formula.

3. (R, Ry R3)=(0,1,0)
P(Ry, Ry, Rs|A;) = 0.1%0.9 %0.01 = 0.0009
P(Ry, Ry, R3|A3) = 0.4% 0.1 % 0.9 = 0.036
P(Ry, Ry, R3|A3) = 0.5 % 0.2 % 0.9 = 0.09

No output because A; dose not maximize the formula.

4. (Ry, Rs, R3)=(0,1,1)
P(Ri, Ry, Rs|A1) = 0.1%0.9 %0.99 = 0.089
P(Ri, Ry, R3|As) = 0.4%0.1%0.1 = 0.004
P(Ri, Ry, Rs|A3) = 0.5%0.2%0.1 = 0.01

Output the result because A; maximize the formula.

5. (R, Rs, Rs)=(1,0,0)
P(Ry, Ry, R3|A;) = 0.9 % 0.1 % 0.01 = 0.0009
P(Ry, R, B3| A3) = 0.6 % 0.9 % 0.9 = 0.486
P(Ry, Ry, R3|As) = 0.5% 0.8 % 0.9 = 0.36

No output because A; dose not maximize the formula.
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6. (R1, Re, R3)=(1,0,1)
P(Ry, R, R3| A1) = 0.9 % 0.1 % 0.99 = 0.0891
P(Ry, Ra, R3|As) = 0.6 %0.9 % 0.1 = 0.054
P(Ry, Ry, Rs|A3) = 0.5% 0.8 0.1 = 0.04

Output the result because A; maximize the formula.

7. (R1, Rs, R3) =(1,1,0)
P(Ry, Ry, Rs|A;) = 0.9%0.9 %0.01 = 0.0081
P(Ri, Ry, Rs|As) = 0.6%0.1%0.9 = 0.054
P(Ri, Ry, Rs|A3) = 0.5%0.2 % 0.9 = 0.09

No output because A; dose not maximize the formula.

8. (Ry, Ry R3)=(1,1,1)
P(Ry, Ry, R5|A;) = 0.9 % 0.9 % 0.99 = 0.8019
P(Ry, Ry, R3|As) = 0.6 % 0.1 % 0.1 = 0.006
P(Ry, Ra, R3|As) = 0.5 % 0.2 % 0.1 = 0.01

Output the result because A; maximize the formula.

The output of A,, A3 is the same.

4.2 Pattern (2) : Data Quality Evaluation Frame-
work Applied to Verbalization Application
with HMM

4.2.1 Data Collection Layer
Next, data collection layer is the input part of video image data recorded by
the network cameras and acceleration data collected by SunSPOT. In pattern (2),

the process of Data Collection Layer is as same as that of pattern (1). Thus, the

description of Data Collection Layer in pattern (2) is omitted.

36



The three bits, Bitl of cameral, Bit2 of camera2, and Bit3 of acceleration

sensor are given to data processing layer as well as pattern (1).
4.2.2 Data Processing Layer

For data processing layer of Pattern (2), HMM have been applied (Fig. 4.10).
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chain

time 3 >

Rainy

Sunny
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Viterbi path

Figure 4.10: Data processing layer with HMM

HMM (Hidden Marcov Model) is a probabilistic model to estimate the system’s
internal state transitions based on Markov process from probability distribution
of symbols according to each state. In the example of the right of Fig. 4.10, only
the transition probability of weather (rainy, sunny) is known and the occurrence

probability of raining or sunny is unknown (that is Hidden). In addition, the

37



probability distribution of three kinds of activities (walk, shop, clean) of a human
during each weather is also given. In this case, I can predict the transition path
of change of the weather from observed activity of people. This optimal path is
called "Viterbi path’.

HMM is an effective statistical method for modeling uncertain time series data.
It is an automaton with a stochastic state transition and stochastic symbol output.
Viterbi algorithm is a method to calculate maximum likelihood state sequence
which output the symbol sequence (observed output sequence). This algorithm is
not necessarily return the correct maximum likelihood state transition sequence.
The maximum likelihood state transition sequence at a certain time ¢ only depends
on output symbol sequence observed until time ¢ and the most probable maximum
likelihood state transition sequence observed till time t — 1.

Generally, HMM is defined by following five terms [59].

S = {s1,82,...,8n} - Finite set of State

Y = {o1,00,...,00} - Finite set of output symbols

A = {a;j}--- State transition probability distribution
Transition probability from the state q; to state g;

B = {bi(of)}--- Symbol output probability distribution

m = {m}---Initial state probability distribution

Viterbi algorithm is particularly based on HMM and it is a kind of dynamic
programing algorithm to find the most plausible sequence called viterbi path which
is the cause of observed event sequence.

When the model M and the sequence X are given, the likelihood P(X, M) is

calculated with following formula :

38



P(X,M) = maz p;(n)

1<i<k

{mbxxl) (t=1)

pilt) = mazi<j<i pj(t — 1)ajib(z;) (2 <t <n)

HMM was applied to a lot kind of research such as speech synthesis, speech
analysis ([55][56]), image-based sign language work ([57][58]). Like these research,
HMM was applied to time sequence data, including image.

While the observed data is image data sequence in verbalization application, I
have defined verbalization threshold from the pattern of the optimal state transi-

tion sequence which is pattern of viterbi path to judge in the verbalization appli-

cation. The detail is discussed in section 4.2.3.

4.2.3 Information Analysis based on HMM

I will explain how to apply HMM to my system. I have collected two angled
movie data with two network cameras as shown in Fig. 3.1, and calculated the
distance between the people doing activity and the center of gravity of defined
object. The result of analysis of the distance is shown in Fig. 4.11. The vertical
axis of the graph shows the time of the movie data and the horizontal axis of the
graph shows the distance between people and the defined objects.

The color background part is when people doing actions. As the graph shows,
the distance between people and the defined objects becomes under 50 when people
doing the activity related each object, and the distance becomes 50 - 150 when
people begins to do the activity. I have defined D, Do, D3 as distance 0 - 50, 50
- 150, 150 - 200. The average of two camera’s distance were used in the HMM

method.
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Figure 4.11: The distance of center of gravity between people and the object.

I have defined HMM state and probabilities as follows:

S = {di,ds,ds,dy}--- (1)

Y = {o01,09,...,00} - Image sequence with camera Bits

A = {a;}--- State transition probability of four states S
The probability is defined as (2)

B = {bi(o4)} -+ Probability of camera bits reaction

P o= {m}e )

(1) dy stands for D, the state that distance between people and the object is

0 - 50. ds stands for Dy, distance is 50 - 150. d3 stands for Ds, distance is 150 -

200. d4 stands for Ac, the state that acceleration attached with the object reacts,

in other words, acceleration Bit in Data Collection Layer is 1.

Ac : Acceleration terminal SunSPOT reacts
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e D, : Distance between the center of a human and areas of pre-defined objects

(Dl < Dy < D3)

(2) The state transition probability is as follows:

There are five matrix Agoor, Achairs Abesks Arefrigerators Ashers but I just write
down the representative two objects(activities), one is with acceleration sensor
attached, the other is with no acceleration sensor. The transition probability in
Agoor matrix was calculated by recoded video data in which people are opening
the door. The denominator number is based on the number of image frames and

how many times people stayed at the distance.

04 01 0 05

0.9 0.06 0.04 0

Adoor
0 08 015 0
01 0 0 09
0.7 03 0
Ages == | 0.8 0.08 0.12
0 08 0.2

Next, B stands for the probability of two camera bits reaction when the people
exist in each state of distance. The detail is described in first half part of section
4.1.1. The value of Bitl and Bit2 (0 or 1) means whether the human is overlapping
with the defined object (door, chair, desk, and so on...). Note that the matrix B

is defined for each object. I just write down representative two matrix, By, and
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Bgesi- The observed sequence is consisted of following four values :

Y = {o1,00,...,0n}

o, = {00,01,10,11}

The matrix B is defined as follows. Note that the size of By, and Bges: 1S

different as Bg.s, does not have acceleration attached.

0.02 0.09 0.09 0.8

0.04 0.08 0.8 0.08

Bdoor
0.7 0.02 0.2 0.08
0.01 0.01 0.08 0.9
0.04 0.1 0.2 0.66
Baes, = 01 03 02 04

0.88 0.05 0.05 0.02

Then, I have defined verbalization threshold from the pattern of Viterbi path.
When the Viterbi path likelihood is over the threshold, the verbalization is output
and the Viterbi path keep staying State D; or Ac, verbalization continues to be
output. Note that there are as many Viterbi path as the number of defined object
(action). The modeling of information analysis layer based on HMM is shown in

Fig. 4.12 and Fig. 4.14. Fig. 4.12 shows the model of objects with acceleration
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sensor terminal attached, and Figure Fig. 4.14 shows the model of objects without
acceleration sensor terminal attached. Two Viterbi path pattern are shown in the

Fig. 4.13 and Fig. 4.15.

/’\

Acceleration ( Distancel

v()

Distancez Distance3

Figure 4.12: Modeling of verbalization application with acceleration terminal at-
tached

time >

t=1  t=2 t=3 e t=i 0t e t=N
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>

Bit information
of each frame
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Figure 4.13: Viterbi path pattern with acceleration terminal attached
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Figure 4.14: Modeling of verbalization application without acceleration terminal
attached
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Figure 4.15: Viterbi path pattern without acceleration terminal attached

For example, the verbalization application output occur if following pattern of

Viterbi path is observed. Note that the initial state is Ds.

44



time > /

t=1 t=2 t=3 e t=i t=sj =+ t=N

Verbalization

State

AJoo 00 10 10 11 11 01
@ ﬂ ﬁ ‘ .:I.! 'E” ! “ﬁ” ,‘J! w a}! ﬁ ‘ .‘..I.! 'ﬁ” .‘Ji.‘i

Figure 4.16: Viterbi path pattern without acceleration terminal attached

Bit information
of each frame

As the Fig. 4.16 shows, when the path pass through the state Ac, the ver-
balization is output, and while the path keep pass through Ac the verbalization
continue to be output. In the model of objects that acceleration sensor device is
not attached with, the is no Ac state. In this case, the verbalization is output

when the Viterbi path pass through the state D; and keep staying at D;.

4.3 Pattern (3) : Data Quality Evaluation Frame-
work Applied to Motion Alignment Method
GTW

4.3.1 Data Collection Layer

The third pattern of Data Quality Evaluation Framework is applied to a human
motion alignment method GTW. At first, we will discuss the Data Collection Layer
of Pattern (3), which is different from Pattern (1) and Pattern (2).

In Data Collection Layer of GTW algorithm, I used image data sequence as in-
put data of GTW. GTW is a method to align multi-modal sequences from multiple
human performing almost the same motion. The detail of GTW will be explained
in section 4.3.3, input data sequence should be matrix.

At fist, I have collected many kinds of image sequence with recording unspeci-
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fied number of person who are performing various actions such as open the door,
sit on the chair, wipe the desk, open the door of refrigerator, open the door of
book shelf, and so on. Next, the image sequence is converted to one matrix. I will
explain how to do this conversion with two Figures.4.17 and Fig. 4.18.

As Fig. 4.17 shows, the first step is binarization. I have converted the color
image to binary image for reduction of calculation order. The other reason to use
binary image is that GTW does not process complex matrix exactly like image
with color pixels. The value of each pixel of color image is 0 - 255. I have set
threshold as 180. When the value of pixel is under 180, that pixel will 0, and when
value of pixel is over 180, that pixel will be 1. I have done this process to all pixels

with each image in the sequence.
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Figure 4.17: Image sequence binarization

The next step is making matrix. As shown in the Fig. 4.18, first image in the
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sequence is converted to the leftmost column in the matrix, the second image is
converted to second column. The scanning line of every image starts from upper

left and ends in the lower right. One image sequence is converted to one matrix.

1l

N
(4

0
0
1
1
1
0

> time /

Figure 4.18: Conversion of image data sequence to matrix

I have collected three image sequences per one motion. In the three sequences,
different people are doing all most the same motion, but the timing is not the

same. The three matrices are given to Data Processing Layer.

4.3.2 Data Processing Layer

For data processing layer of Pattern (3), GTW algorithm have been applied.
The formula of GTW is as shown in the Fig. 4.19).

The Generalized Time Warping (GTW) algorithm and its variants for tempo-
rally alignment of multi-modal sequences from multiple human subjects performing

similar human motion activities are proposed in Feng et al. [43]. T will explain in
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detail in this section.

m m 1
Jorw({Wi, Vi}) = >~ §||v;-rx,~wi — ViX; W%

- (fjw(wi) +6(V2)),

s.t. W;e€Vand V,€®, Vie{l:m},

Figure 4.19: GTW formula

Objective function is as follow:

X1, X5, ..., Xy is collection of m time series where X; = [z,...,2} ]. W; is a
non-linear temporal transformation which is consist of 0, 1. V; is a lo-dimensional
spatial embedding. Then V' X;W; is well aligned with the others in the latest-
squares sense. Jg,,(W;, Vi) stands for minimized sum of pairwise distances. Please
refer to [43] for more details.

I will talking about why GTW algorithm is proposed, and its variants. Re-
cently, accurate alignment of human motions of different style or speed have been
challenged in image processing research area. In the paper [43], Feng et al. have
challenged to align multi-modal alignment of time series of people performing
almost the same activities from different sensors. They proposed GTW which
is the extension of DTW (Dynamic Time Warping) which is an old method to
align human behavior [43] among two subjects only. Before GTW, many kinds of

time warping algorithms have been proposed, for example, CTW (Canonical Time

warping) [44] and DMW (Dynamic Manifold Warping) [45]. CTW can temporally
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align data of different dimensionality, for example, motion capture, video, and
CTW combines DTW with canonical correlation analysis. DMW is extension of
CTW, which can incorporates more complex spatial transformations using man-
ifold learning. However, these kinds of time warping algorithm have limitations

because they rely on DTW. The limitations are as follows:

(1) Computational complexity is high

(2) Only two sequences can be aligned, not multiple sequences

(3) They rely on dynamic programming to find the optimal path

To overcome these limitations, GTW has been proposed, which can efficiently
and flexibly align two or more multi-dimensional time series of different modalities,
and has linear complexity because it uses a Gauss-Newton algorithm to optimizes
the time warping function efficiently. These approaches differ from existing ap-
proaches based on dynamic programming. See details about Objective function in
[43].

In the experiments, Feng et al. utilized three types of input video data to
evaluate the accuracy of GTW and compared GTW with other variant methods
such as pDTW (Procrustes dynamic time warping), pDDTW (procrustes deriva-
tive dynamic time warping), and pIMW (procrustes iterative motion warping) for
the temporally aligning of multi-modal sequences from multiple subjects perform-
ing similar human activities. pDTW [48] is used for shape for alignment and they
extended pDTW to align multiple sequences. pDDTW is a technique to do invari-
ant translation of DTW, using derivatives of the original features [47]. pIMW [49]
is extension of IMW which time warping and spatial transformation are alternated
to align two sequences. Input data in each experiment that were conducted by

Feng et al. are as follows:
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Experiment1: time series alignment with known ground truth

Experiment2: several video sequences alignment of different people doing

similar actions

Experiment3: three different sensor alignment of people doing similar ac-

tions

In Experiment1, synthetically generated 3-D spatio-temporal signals is used as
input data. As a result, GTW performed the best. pDTW fails since the sequences
have been distorted in space. pDDTW also fails since the feature derivatives do
not capture the structure of the sequence well. pIMW is more prone to over-fitting.
In Experiment2, GTW and its variants have been applied to align video sequences,
the silhouette with background subtraction was extracted. Each sequence is two
cycles of human walking sequences. As a result, pDTW nor pDDTW could align
the video sequences since they lack the ability to solve for correspondence among
signals of different nature. pIMW was well for top three components in space.
However, it overfits all the dimensions and a biased time warping path was ob-
tained. Only GTW could warp the sequences accurately in both space and time.
In Experiment3, even if input data are different types captured from different sen-
sor, and people in one of three sequence performing a little different action from
others, GTW could solve the temporal correspondence among three sequences.

There are many research in the area of aligning human motions from sensory
data in the context of computer graphics and computer vision. In this Data Quality
Evaluation Framework of Pattern (3), I particularly focused on the technique of
Time warping which is the technique is to align several sequences. For example,
it aligns the sequence of video or frames in which different people are doing the

same actions but the timing is not the same.
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4.3.3 Information Analysis with GTW

The output of the GTW algorithm is error rate of alignment error ([43] (p.5

Formula (9))). The formula to calculate the alignment error is as follow:

diSt(Palga Ptru) + d’[f-St(Ptru> Palg)
lalg + ltru

I
T a1y = wheredist(Py, Py) = Z min§-2:1||P1(Z)—P2(])||2
i=1

The smaller err value means better GTW aliment.
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Chapter 5

Data Quality Evaluation
Experiment

In this chapter, the data quality evaluation experiment and the result is shown.

First of all, I will discuss what is the data quality mentioned in this research
and how data quality change or when data quality change. As described before,
to consider data quality of Lifelog Analysis Application is very important because
the accuracy of the Lifelog Analysis Application is affected by the data quality.
Typically, when talking about Lifelog Analysis Application which collect input
data from sensor space, and transmit the collected data to some terminals through
Wireless LAN (WLAN) for analysis, there are two factors to determine the data

quality.
e Factor 1 : How data collection devices behave
e Factor 2 : How to send collected data to Analysis terminals

Suppose the input is stream data, the data quality change during data collection
rely on Factor 1. For example, if some processing error of device happen, some
frames of stream data may drop or the quality of each frame may drop. The data
quality change in this case can be divided to following two types of data quality

deterioration:
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e Quality deterioration A : Individual data quality deterioration on the time

series

e Quality deterioration B : Data quality degradation when arranging them in

the series

The example of Quality deterioration A is image quality change. Considering
the quality deterioration of the individual data on the time series, the data deteri-
oration of each image is representative issues. The example Quality deterioration
B is dropping frames. The main problem of the time series data may be dropping
frames, not only the image frames but also falling out of a part of time series data.
For each of the quality deterioration, Bayesian Classifier and HMM were utilized
as a typical data processing technique, and clarified how much the two processing
method can deal with the data quality deterioration, and finally I have showed the
guidelines to handle the quality deterioration.

Suppose the transmission method is Wireless LAN, the data quality change
during transmitting the data toward analysis terminals rely on Factor 2. If network
packet lose happen because of radio wave interference or collision while stream data
transmission, the quality of transmitted data may drop. The data quality change

in this case can be divided to following two types of data quality deterioration:

e Quality deterioration C : Data quality deterioration due to the method of

data transmission (transmission rate, packet loss rate)

e Quality deterioration D : Data quality deterioration due to the model of data

processing at the time of motion analysis

I have utilized Bayesian Classifier and HMM as typical data processing tech-

nique and showed the guidelines of how to handle due to the degree of quality
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deterioration. I have also utilized GTW model which is different from Bayesian
Classifier and HMM.

For evaluate above four kinds of data quality deterioration impact on the sys-
tem’s output, I have utilized Verbalization Application and Human motion align-
ment algorithm as one of the instance of all the Lifelog Analysis Application. I
have evaluated how the data quality deterioration impact appear to the Analysis
output in application level. The possible problems, A, B, C, and D described above
has been covered with the data quality evaluation experiments in this chapter.

Outline. In section 5.1 of this chapter, the data quality evaluation experiment
A, Bisdiscussed. Section 5.2 discuss data quality evaluation experiment C which is
wireless communication quality evaluation. In section 5.3, data quality evaluation

experiment of human motion alignment algorithm is discussed.

5.1 Quality Deterioration A and B

The data quality evaluation experiment to evaluate the impact of data quality
deterioration A and B will be described in this section. In the case of input
data quality evaluation experiments, the following two kinds of data qualities are

evaluated:

e A :’Image quality’ of video data

(described in section 5.1.1)

e B : 'Number of frames (the number of data per time)’ of video data and
acceleration data

(described in section 5.1.2)
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5.1.1 A : Quality Deterioration of Image Quality

Next, the 'image quality’ focused on each frame of video data is described. In the
evaluation experiments, the following four kinds of filtering for each image frame
of video data artificially are executed and the quality is divided into 10 steps, as

shown in Fig. 5.1.
e experimentA-1 : filtering process intend for blurry image (smoothing).
e experimentA-2 : filtering process intend for images blurred into length.
e experimentA-3 : filtering process intend for images blurred into side.

e experimentA-4 : filtering process intend for images the resolution deterio-

rated.

The wider the space (a square) of filter for each frame is, the lower the quality

becomes. The image quality has been calculated with the following formula.

1 0
Q= ] x 100 (%)
Q:quality of image, p:range of the filtered space (the length of one side of the

square)

25



Blurredto Blurred to .
- : - Resolution

Figure 5.1: Image quality of each frame of video data

5.1.2 B : Quality Deterioration of Obtained Number of
Frames

As the quality of 'obtained number of frames (the number of data per time)’, the

quality of video data and acceleration data, which is two kinds of input data of

verbalization application, is divided into 10 steps respectively, as shown in Fig.

5.2.

For the video data, the quality is divided into 10 steps from 10fps (frame per
second), the maximum quality (100% ), to 1fps, the minimum quality (10% ).
For the acceleration data which is collected more than 100 times per second by
SunSPOT, the quality is also divided into 10 steps from 10 times per second, the
maximum quality (100% ), as the maximum quality of video data is 10fps, to 1
time per second, the minimum quality (10% ). As shown in the right graph of Fig.
5.2, the lower the quality of obtained number of frames of acceleration becomes,

the rougher the graph becomes.
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I have evaluated the correlation between input data quality difference and the
correct answer rate of the verbalization application. The input to verbalization

application of evaluation experiments is following three kinds.

e experimentB-1 : Only changing the quality of video data (acceleration data

quality is fixed 100%)

e experimentB-2 : Only changing the quality of acceleration data (video data

quality is fixed 100%)

e experimentB-3 : Changing the quality of both video data and acceleration

data together
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data and acceleration data

(S
3



5.1.3 Calculation Method of Correct Answer Rate

How to calculate the correct answer rate is as follows:
When the quality of both video data and acceleration data is 100%, the highest
quality, verbalization is kept to be outputted during the occurrence of human
behavior. The correct answer rate of this condition is regarded as 100%, and Vig
is defined as the number of output in this case. Possible wrong verbalizations

caused by the quality deterioration of input data are following three patterns.

e Though verbalization is outputted while human behavior is occuring, extra
wrong output is also issued in addition to Vigg. (Vewra is defined as the

number of output in this case.)

e Wrong verbalization that is different from the human behavior is outputted.

(Verror 18 defined as the number of output in this case.)

e Verbalization is not outputted even though human behavior is occurring.

The number of verbalization output is V, when the input data quality is ¢(0 <

g <= 100). I have calculated the correct answer rate C' with the following formula.

_ ‘/;1 B Vveactra - Vverror
VY100 + ‘/eztra + ‘/;rror

x 100 (%)

In addition, the minimum data quality required for the verbalization applica-
tion to output correct answer is called the minimum required quality. This means
that verbalization is outputted for all performed activities at least once. This is a
low limit quality, which is before the condition that "Verbalization is not outputted

even though human behavior is occurring’.
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5.1.4 Experiment Result of Data Quality Deterioration A
and B

Fig. 5.4-5.5 show the correlation between the change of the quality (the number
of obtained frames/data, image quality) and the correct answer rate, and mini-
mum required quality. The horizontal axis is the rate of the number of obtained
frames/data per second and vertical axis is the correct answer rate. In the graph
of minimum required data quality, the horizontal axis is the data quality that is
changed in each case and vertical axis is the minimum required quality.

The three graphs (Video data, Acceleration data, Video data & Acceleration
data) shown in Fig. 5.4 and 5.6 are the results of experiment B-1 — B-3 described
in section 5.1.2, respectively. They are the correlation between the rate of the
number of obtained frames/data and correct answer rate. The Four graphs (Blurry,
Blurred to length, Blurred to side, Resolution) shown in Fig. 5.3 and 5.5 are the
results of experiment A-1 — A-4 described in section 5.1.1, respectively. They are
the correlation between image quality and correct answer rate.

The results of experiments with experimental data are shown in Fig. 5.4 and
Fig. 5.3, and the results of experiments with real data are shown in Fig. 5.6 and
Fig. 5.5. The difference between experimental data and real data is described in
section 6.3.

The results of both Bayesian Classifier and HMM are shown in all the Fig.
5.4-5.5. In the graph of minimum required quality, when the bar graph is higher,
it means that higher quality input data is required for verbalization application to
output correct answer. On the other hand, when the bar graph is lower, it means
that verbalization application can output correct answer even if lower quality data

is inputted.
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5.1.5 Discussions of Date Quality Evaluation Experiment
A and B

As shown in Fig. 5.4 and Fig. 5.6, when the input data quality becomes lower,
the correct answer rate decreases. This is an appropriate result. As shown in Fig.
5.4, the deterioration in either only video data or only acceleration data causes
correct answer rate to drop to about 20%, while the deterioration in both video
data and acceleration data decreases the correct answer rate to nearly 0%. In the
case of real data shown in Fig. 5.6 also, though the numerical value differs a little,
the feature of the graph is almost the same.

According to this result, the quality deterioration of multiple input data has a
lot of influence on the lifelog analysis application. However, if the quality deteri-
oration occurs only in a part of input data, the percentage of correct answers can
be kept up to 60% even if the input data quality drops around half.

In terms of comparison between Bayesian Classifier and HMM in the graph of
video data, the line of HMM is drawn in lower place at all input data qualities and
the bar graph of HMM is higher in the graph of minimum required quality. Thus,
to conclude, the process of HMM depends on image frames of video data and is
more sensitive to the quality change of video data than that of acceleration data.

In the graph of acceleration data, judging from the height of the bar graph,
verbalization application can output correct answer even if the quality of both
Bayesian Classifier and HMM drop to about 20%. In the case of real data, about
40 — 50 % of correct answer is kept all the time. This means that while the
features of both cases are almost the same, the acceleration data is less important
for the real data. However I should increase the quantity of evaluation data and
see whether the graph will be changed or not.

On the other hand, in the graph of video data & acceleration data, the deteri-

oration of input data quality decrease correct answer rate earlier in both Bayesian
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Classifier and HMM. If the quality becomes lower in both cases, the case of
Bayesian Classifier becomes lower than that of HMM. This result is also observed
in both cases of using experimental data and real data.

The graph of all kinds of image quality that are Blurry and Blurred to length
and Blurred to side and Resolution, the correct answer rate only decreases to 60
- 80% as shown in Fig. 5.3, and decreases to about 60% as shown in Fig. 5.5.
Therefore, to conclude, the deterioration of the rate of the number of obtained
frames/data have much influence on the correct answer rate of the verbalization
application than deterioration of image quality. As shown above, since almost the
same feature graph is acquired in both cases of experimental data and real data,
the result should have credibility.

Because the results of experimental data and real data are almost the same,
these results are reliable even though it is necessary to increase the quantity of
evaluation data in the future.

As the graphs of correlation between quality change of input data and the
correct answer rate are shown with quantitative measure, I can confirm the input
data quality required for the verbalization application clearly. As shown in the
bar graph of minimum required data quality, it is not necessary to use the highest
100% quality input data to output correct answer. In some data like acceleration

data, even the very low quality, about 20%, can output correct answer.

5.2 Quality Deterioration C

In this section, Wireless communication quality impact on verbalization appli-
cation is discussed.

The experimental environment to evaluate date quality deterioration caused
by Wireless LAN network quality is shown in Fig. 5.7. In the sensor space, I

have settled two network cameras and four SunSPOTs attached to moving objects
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including chair, refrigerator, shelf, and door. Five kinds of human activities are

verbalized as shown in the right of Fig. 5.7. In the evaluation experiments, a

correlation between the correct answer rate of verbalization application and the

quality of input data (video data and acceleration data) has been evaluated.

‘ Desk

chair L¢:h3ir ‘ ’ chair ’ ‘ chair

chair chair H chair ‘ ‘ chair

@

The kinds of
verbalized action

— Wipe the desk

— Siton the chair

— Open the door of refrigerator
— Open the door of shelf

— Open the door

Figure 5.7: Experimental environment and actions to be verbalized

In the experiments, both “experimental data”and “real data”are used. In the

case of experimental data, the result of the evaluation is the average of more than

one video data in which the same specific activities are intentionally performed.

On the other hand, real data has been recorded at the same space for two days,

in which people have performed their own activities naturally.

5.2.1 Network Packet Loss Phenomenon

IEEE (Institute of Electrical and Electronics Engineer) 802.11 is a WLAN stan-

dard and IEEE 802.11g used in my experiments can communicate about 54Mbps

in the 2.4GHz band. The target protocol of IEEE802.11 standard is Medium Ac-

cess Control (MAC) as data link layer and physical layer. In wireless network,

frame transmission is performed in form of broadcast and several terminals can

share the bandwidth. Thus, if several terminals send the frames at the same time,
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the signal overlaps, frames cannot be sent correctly. When the frames conflict,
the frames will be lost and retransmission happens. As the result, the through-
put will decrease. To avoid frame collision, CSMA/CA (Carrier Sense Multiple
Access with Collision Avoidance) is used. This is autonomous distributed control
to avoid frame collision. CSMA can avoid frame collision as far as possible by
controlling the timing of each terminal sending frames and detecting the usage of
Wireless channel before each terminal sends frame. As shown in Fig. 5.8, each
terminal can only send frame when a certain idle time is detected. The interval
of sending frame is called DIFS (DCF Inter-Frame Space). Frame cannot be sent
immediately, terminals have to wait during DIF'S time. If there is no signal sensed
within DIFS time, terminals judge that there is no signal and start to send their
frames. However, sometimes, several terminals detect the channel is idle and send
the frames at the same time, and frame collision happens. To avoid this, Backoff
control is defined. Backoff is random time based on Contention Window (CW).
Terminals have to wait during Backoff time after DIFS idle time. As the backoff
time is randomly set, frame collision will decrease than only sensing carriers. If
frame collision happens, the range of CW will be double, and it can reduce the
probability of re-collision. Thus, if many terminals are sharing one WLAN band-
width, frame collision will happen. In my experiment, seven times frame collision
leads to one time packet loss.

In my paper, “noise” means the noise of radio wave (electric wave) that is deliv-
ered from other electromagnetic devices, existing at the space of the experiment.
When I use WLAN to transmit packets, not all packets reach to the receiver side
by several causes. There are two main causes of the packet loss in WLAN: noise
of radio wave and congestion on the transmitted route. I used UDP for the trans-
mission of video data frames. Since UDP is an algorithm whose transmitted data

is affected when packet loss happens, different from TCP, the throughput must be

67



affected by the packet loss because throughput is the number of received packets
in a unit time when they are transmitted through WLAN.

As the lost packets are just abandoned and will not reach to the receiver,
throughput should decrease in such a case. Flow control in WLAN is transmission
rate control. Therefore, the number of video data frames received at the receiver
side should be affected by the flow control in WLAN. In WLAN, congestion typ-
ically occurs when many senders deliver their packets almost simultaneously. As
the noise is not strong in the condition of this experiment, the main reason of

losses should be due to congestion.
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Figure 5.8: Backoff control in WLAN

5.2.2 Packet Loss Caused by Android Terminal

In this section, I will describe how I collected the various multimedia sensor
data over the wireless network in Ocha House. For quantitative evaluation, I first
carried out the experiments with real terminals. Fig. 5.9 shows the experiment
environment of transferring captured data with camera. A certain size of image

frame data will be sent from sender side with Ethernet Converter (EC). I also
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fixed the transmission rate for quantitative evaluation. In TEEE802.11g, eight
kinds of multi-rate values are defined (54, 48, 36, 24, 18, 12, 9, and 6Mbps). In
my experiment, [ used AP “MZK-MF300N [39]”as AP made by Planex company,
which can fix the transmission rate. I used 54, 36, 18, and 6 Mbps, and auto

transmission rate as the representative value.

Video data transmission

— terminal
Transmission - Receiver
side L= ‘ (PC for data analysis)
(Camera) AirPCap

1
j IEEE802.11g

@/ & emr—, N

Transfer the video data ! /UDP .

Transmissionrate : i a s

auto, 54, 36, 18, 6Mbps
Sending throughput : 100Mbps Transmission rate: 54Mbps
Sending throughput : 100Mbps

Figure 5.9: Experiment environment of data transfer

As for the receiver side, several Android terminals are communicating with
AP as background terminals to interfere with the main stream, video data trans-
mission. I used Android terminal Nexus S [41] (NS) as background terminals, the
number of background terminal NS is 0 - 5. The transmission rate of NS is fixed to
54Mbps and they are communicating with AP using Iperf [40] which is a software
to send UDP packets to another terminal. The main terminal transmitting video
data and 5 NS compete for bandwidth. As there are several background terminals
communicating with AP, the packet sent from main terminal (video stream) will
conflict with the packet sent from background terminals, and more back ground
terminals there are, less packets from main terminal can be reached to the receiver.

When the transmission rate of main terminal is lower, the throughput should be
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lower as main terminal has less chance to send packet. I have analyzed in detail
what happens at main terminal when its transmitted packets conflict with those
from background terminals.

First, I have estimated the ability of EC used in the experiment. The EC
is connected to PC at the sender side with wired LAN, and the transmission
throughput of PC at the sender side is 100 Mbps. Thus the packets that sent
out from sender PC are converted to WLAN packets, and sent out from EC with
five pattern of transmission rate, 54, 36, 18, 6 Mbps and auto. This means some
packets might be lost at EC as the wired LAN speed is much higher than that
of WLAN. The buffer overflow on EC with various transmission rate is shown in
Fig. 5.10. This graph shows the packet loss rate at EC, which is calculated from
the used sequence number captured with AirPCap [42]. In other words, the rate
of lost sequence number after EC. When the transmission rate is 6 Mbps, about
6% of packets are lost at EC, and the loss rate decreases as the transmission rate

increases. As shown in the graph, the packet loss rate at EC is not so significant.
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Figure 5.10: Buffer overflow on EC
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Figure 5.11: Result of data transmission interference experiment

I evaluated how much quality of video data can reach the receiver. The result
is shown in Fig. 5.11. This graph shows the result of each transmission rate.
Horizontal axis is the number of background terminals (NS) interfering with the
main communication, vertical axis is the packet loss rate of main terminal which
is transmitting the main video data. For example, when the transmission rate is
36 Mbps, the main video data will suffer 20% loss with one background terminal
(NS), 40% loss with two NS, 60% loss with three NS, about 80% loss with five
NS. According to the graph, when the transmission rate is lower than 18Mbps,
not all packets reach the receiver even when no background terminal exists. The
transmission rate is too low to carry all the packets yielded at the sender PC in
this case. When the transmission rate is more than 36Mbps, almost all packets
can reach the receiver if no background terminal exists. However, as the number of
background terminal increases, the packet loss rate increases dramatically, which
means a conflict occurs between the transmitted packets from main terminal and
those from background terminals. The examples of packet loss frame data are

shown in Fig. 5.14. In each frame, people are doing the action, “opening the
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door”and three sequences are selected as the input data. As the packet loss rate
increases, the pixels will drop because the packet could not reach to the receiver.

The characteristic of Wireless LAN throughput is shown in the Fig. 5.12. This
graph shows the correlation between average throughput of background terminal
Android terminals (NS : Nexus S), total throughput of that, the throughput of the

main terminal transmitting the video data, and MAC frame retransmission ratio.
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Figure 5.12: Result of throughput and packet loss rate affected by Android termi-
nals

For the graph of the 6Mbps transmission rate of video data transmission termi-
nal, since the original throughput can not exceed 6Mbps, both the throughput of
main terminal and the throughput of the background terminals are lower. At the
graphs of above 18 Mbps, a large difference in throughput was observed. Though
the main video data transmission terminal obtained the throughput close to the
transmission rate setting, the throughput of background terminals of which the
transmission rate is fixed to 54 Mbps and communicating with the immediate
vicinity of the AP Nevertheless was only 5 - 10 Mbps.

Wireless standards employed in this experiment is IEEE802.11g, and in IEEE802.11g,

the transmission opportunity is allocated evenly for all terminals in communication
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with the AP. In spite of that, the apparent difference between throughput of back-
ground terminals and video data transmission main terminals was observed. The
cause of the obvious throughput difference between the main video data transmis-
sion terminal and the background terminals NS is a power saving of background
terminal Android. That is, the main terminal transmit the packets aggressively
when transmission opportunity is given, but the background terminals does not
transmit the packet every time when transmission opportunity is given.

Next, As for the MAC frame retransmission rate, graph of 6Mbps was the
highest even though the 6Mbps transmission rate is stable speed. The cause of
this is also the power saving of the background terminals. When the transmission
rate of main terminal is a 54 Mbps, the EC sends the packet at a faster rate and the
transmission opportunity interval of the background terminals is narrow. In this
case, since the background terminal it is not given sufficient rest time, often do not
send packets even transmission opportunity of itself comes. As a result, collisions
difficulty occurs between the main terminal and the background terminals near
the AP, thus, MAC frame retransmission rate of the main video data transmission
terminal is small.

On the other hand, when the transmission rate of the main video data trans-
mission terminal is 6Mbps, the EC sends the packet at a sufficiently slow rate.
Then the background terminals have a long interval of transmission opportunity,
and it is possible to send packets almost every time when the order of its transmis-
sion opportunity has come. As a result, on the receiving side AP, the probability
of collision occurrence of the packet of the main terminal and the background
terminals increases, thus, MAC frame retransmission ratio is higher.

In addition, depending on the number increase of background terminals, the
total throughput of background terminals is reduced because of packet collision of

each other. In a situation where a plurality of background terminals are commu-
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nicating with AP while competing for bandwidth, if the main terminal interrupts
the data transmission at a constant transmission rate, the main terminal can not
increase the bandwidth when the transmission rate of itself is low. On the other
hand, if the transmission rate is high, the main terminal can increase the band-

width because the interference between background terminals themselves occur.

5.2.3 Experiment Result and Discussion of Wireless LAN
Impact on Verbalization Application

I have shown the correlation between the packet loss rate of Wireless LAN
communication quality and correct answer rate of Verbalization application. I
have evaluated whether the percentage of correct answers of verbalization appli-
cation is subjected to impact caused by the wireless LAN quality deterioration
quantitatively when the packet lost video data was inputted to the application.

In either graph, comparing Bayesian Classifier and HMM, the correct answer
rate of HMM is lower. This is caused by difference in characteristics of the data
processing as Bayesian Classifier process the stream data per each frames, on the
other hand, HMM process the stream data with time series. When processing
method is HMM, current frame is dependent on the previous and suspend frames,
thus, it is sensitive to the quality changes due to packet loss of previous frames.

In addition, as a feature of correct answer rate transition caused by packet loss,
Bayesian Classifier decrease smoothly, but taking about HMM, when background
terminals are two to four, the correct answer rate begin to decrease and when
the number of background terminals are four to five, the correct answer rate was
almost 0 %.

As for the Bayesian Classifier, when the transmission rate is more than 36
Mbps, all the correct answer rate was over 60% even though the background ter-

minals are five. I found that HMM is sensitively affected by packet loss compared
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to Bayesian Classifier.
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Figure 5.13: Wireless quality impact on Verbalization Application

5.3 Data Deterioration D

As shown in [44], CTW (Canonical Time Warping) combines DTW (Dynamic
Time Warping) with canonical correlation analysis to align data of different di-

mensionality temporally. Existing methods using CTW and DTW have following
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limitations: (1) computational complexity is quadratic in space and time, (2) only
solved the problem of aligning two sequences, therefore it is unclear how to extend
it to the alignment of multiple sequences, (3) rely on dynamic programming to
find the optimal path, however it is unclear how to constrain the temporal warp-
ing adaptively. To overcome these limitations, GTW that allows an efficient and
flexible alignment among two or more multi-dimensional time series of different
modalities have been proposed [43]. The deterioration of the captured data qual-
ity through WLAN transmission affecting the accuracy of the GTW system has
not been studied before. Hence, this is the first work to investigate the impact of
the WLAN in GTW system.

In Experiment1, synthetically generated 3-D spatio-temporal signals is used as
input data. As a result, GTW performed the best. pDTW fails since the sequences
have been distorted in space. pDDTW also fails since the feature derivatives do
not capture the structure of the sequence well. pIMW is more prone to over-fitting.
In Experiment2, GTW and its variants have been applied to align video sequences,
the silhouette with background subtraction was extracted. Each sequence is two
cycles of human walking sequences. As a result, pDTW nor pDDTW could align
the video sequences since they lack the ability to solve for correspondence among
signals of different nature. pIMW was well for top three components in space.
However, it overfits all the dimensions and a biased time warping path was ob-
tained. Only GTW could warp the sequences accurately in both space and time.
In Experiment3, even if input data are different types captured from different sen-
sor, and people in one of three sequence performing a little different action from

others, GTW could solve the temporal correspondence among three sequences.
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Figure 5.14: Examples of packet loss frames

5.3.1 Experimental System of Collecting Data

In this section, I will describe how I collected the various multimedia sensor
data over the wireless network in Ocha House. For quantitative evaluation, I first
carried out the experiments with real terminals. Fig. 5.9 shows the experiment
environment of transferring captured data with camera. A certain size of image
frame data will be sent from sender side with Ethernet Converter (EC). I also
fixed the transmission rate for quantitative evaluation. In TEEE802.11g, eight
kinds of multi-rate values are defined (54, 48, 36, 24, 18, 12, 9, and 6Mbps). In
my experiment, I used AP “MZK-MF300N [39]”as AP made by Planex company,
which can fix the transmission rate. I used 54, 36, 18, and 6 Mbps, and auto
transmission rate as the representative value.

As for the receiver side, several Android terminals are communicating with
AP as background terminals to interfere with the main stream, video data trans-
mission. I used Android terminal Nexus S [41] (NS) as background terminals, the
number of background terminal NS is 0 - 5. The transmission rate of NS is fixed to

54Mbps and they are communicating with AP using Iperf [40] which is a software
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to send UDP packets to another terminal. The main terminal transmitting video
data and 5 NS compete for bandwidth. As there are several background terminals
communicating with AP, the packet sent from main terminal (video stream) will
conflict with the packet sent from background terminals, and more back ground
terminals there are, less packets from main terminal can be reached to the receiver.
When the transmission rate of main terminal is lower, the throughput should be
lower as main terminal has less chance to send packet. I have analyzed in detail
what happens at main terminal when its transmitted packets conflict with those
from background terminals.

First, I have estimated the ability of EC used in the experiment. The EC
is connected to PC at the sender side with wired LAN, and the transmission
throughput of PC at the sender side is 100 Mbps. Thus the packets that sent
out from sender PC are converted to WLAN packets, and sent out from EC with
five pattern of transmission rate, 54, 36, 18, 6 Mbps and auto. This means some
packets might be lost at EC as the wired LAN speed is much higher than that
of WLAN. The buffer overflow on EC with various transmission rate is shown in
Fig. 5.10. This graph shows the packet loss rate at EC, which is calculated from
the used sequence number captured with AirPCap [42]. In other words, the rate
of lost sequence number after EC. When the transmission rate is 6 Mbps, about
6% of packets are lost at EC, and the loss rate decreases as the transmission rate
increases. As shown in the graph, the packet loss rate at EC is not so significant.

I evaluated how much quality of video data can reach the receiver. The result
is shown in Fig. 5.11. This graph shows the result of each transmission rate.
Horizontal axis is the number of background terminals (NS) interfering with the
main communication, vertical axis is the packet loss rate of main terminal which
is transmitting the main video data. For example, when the transmission rate is

36 Mbps, the main video data will suffer 20% loss with one background terminal
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(NS), 40% loss with two NS, 60% loss with three NS, about 80% loss with five
NS. According to the graph, when the transmission rate is lower than 18Mbps,
not all packets reach the receiver even when no background terminal exists. The
transmission rate is too low to carry all the packets yielded at the sender PC in
this case. When the transmission rate is more than 36Mbps, almost all packets
can reach the receiver if no background terminal exists. However, as the number of
background terminal increases, the packet loss rate increases dramatically, which
means a conflict occurs between the transmitted packets from main terminal and
those from background terminals. The examples of packet loss frame data are
shown in Fig. 5.14. In each frame, people are doing the action, “opening the
door”and three sequences are selected as the input data. As the packet loss rate
increases, the pixels will drop because the packet could not reach to the receiver.
I used these packet loss data to input to GTW and its variants and found that

GTW is good for aligning multiple sequences, but sensitive to packet loss data.

5.3.2 Experimental Result Discussion

I discuss the result of my experiments in this section. As for the experiment
method, I applied the project source codes used in [50] which were developed
by Feng et al. Input data are captured frames in the Ocha House. I applied
pDTW, pDDTW, pIMW, GTW algorithm respectively. For each experiment, I
selected three sequences of different people doing the same action. The results
are shown in Fig. 5.15, 5.16, and 5.17. For each result, five patterns of packet
loss rate, 0%, 20%, 40%, 60%, and 80% are given. The graphs are error rate
of alignment. In the experiments, I have applied three types of captured input
video data to each algorithm: (1) extremely long and short sequences with large
size of image matrix, (2) data are smoothed, moderately aligned to almost the

same length of sequences with small size of image matrix, (3) all backgrounds of
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small image matrix data are removed. I will compare the GTW accuracy with
other algorithms, pDTW, pDDTW, pIMW. I found that GTW cannot solve the
multi-modal temporal alignment problem efficiently in the situations whereby the
transmitted data are distorted due to packet loss phenomenon caused by degraded
quality in wireless network transmission. Sometimes, pDDTW and pIMW can

align the sequences better than GTW.

Big Image Matrix - Extremely Long and Short Sequences

Big matrix means that many pixels are selected per each frame. Long sequence
is composed of many frames that people take longer period of time to do one action,
for example, about 50 frames. Short sequences is composed of a few frames that
people do one action quickly, for example, about 5 frames. For this experiment,
three sequences X1, X5, andX3, which is three videos of people opening the door.
The size and length of each matrix X is as follows. X; : 400x 50, X5 : 400x 18, X35 :
400 x 9. Note that space 400 of matrix is big enough, and length of three sequences
are varied as 50, 18, and 9. As the Fig. 5.15 shows, the alignment error rate is
the lowest when the packet loss rate of input frame is 0%, (which is the perfect
data frame without packet loss), but the alignment error rises dramatically as the
packet loss rate increases and the error rate when the packet loss rate is 80% is
about three times as that of perfect data. GTW alignment error rate is lower than
other methods such as pDTW, pDDTW, and pIMW when packet loss rate is low,
but when the packet loss rate is 80%, GTW alignment error rate is almost the
same as other methods. Especially when the packet loss is 40%, pDDTW error
rate is the lowest. Thus, GTW cannot tolerate packet loss data and even be the

highest alignment error rate in this experiment.
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Figure 5.15: Big matrix, extremely long and short sequences

Small Image Matrix — Smoothed with Almost Same Length of Se-
quences

In response to the result of Fig. 5.15, I reduced the size of matrix from 400 to
12, because the matrix space was too large. A few pixels representative one frame
in small matrix. I also aligned the length of sequences to be almost the same
and smoothed each frame with a function defined in OpenCV (Open Computer
Vision)library [35]. The size and length of each matrix X; in this experiment is as
follows. X7 : 12 x 50, X5 : 12 x 48, X3 : 12 x 50. Note that the space of matrix
is small enough (12) and the length is long enough to align in this experiment.
As shown in the Fig. 5.16, GTW and other time warping alignment error rate
are lower when the input frame has no packet loss (0%), but when the packet loss
rate is 80%, GTW error rate is the worst than any other time warping algorithm.

pIMW could align the sequences the best when the packet loss rate is 80%.
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Figure 5.16: Small matrix, smooth frames, almost the same length of sequences

Small Image Matrix — Without Background

Lastly, I removed the background of all frames to align the sequences better.
Each frame only has the information of people doing motion activity without
background in this experiment. The size and length of each matrix are the same
as the experiment in Fig. 5.16. The result is shown in Fig. 5.17. Even though
the whole alignment error rate became lower and alignment error rate didn’t rises
so much as the packet loss rate increases, alignment error rate of GTW was the
lowest only when the packet loss rate is 0% (which is the perfect data without
packet loss). When the packet loss rate is higher than 20%, GTW alignment error

rate become the same as its variants (pDTW, pDDTW, and pIMW).
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Figure 5.17: Without background

In my Ocha House, I have collected the video data frames of multiple human
subjects with various similar human activities which are transmitted real time
over the WLAN network to a processing and analysis server running GTW and its
variants (pDTW, pDDTW, pIMW) for temporally aligning multi-modal sequences
from multiple human subjects performing similar human activities. The captured
video data frames are affected by the natural WLAN packet loss phenomenon
due to the wireless network flow control and congestion protocol management
in an end-to-end wireless networked environment. I discover that the alignment
error rate will rise dramatically and the accuracy of human activity recognition
deteriorated as the wireless network packet loss rate increases. When the wireless
network packet loss rate increases to 80%, the alignment error rate of GTW is
almost the same as its other time warping variants — in some cases, pDDTW and
pIMW can align the sequences better than GTW. Thus, GTW is very sensitive to

the quality of the captured video data frames and cannot solve the multi-modal
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temporal alignment problem efficiently in such situations.

I suggest looking into the problems and weaknesses of GTW characteristics in
network packet loss environment as the intuition to help GTW tolerate network
packet loss. The weaknesses of GTW in the network packet loss environment are
as follows: (1) It cannot align small spaces and shorter length matrices. (2) When
aligning bigger matrices, some pixels must be selected as representative values.
So, GTW should be able to align longer and bigger matrix features better with
appropriate selection representative value. I believe that adjustment of such kind
of features to improve captured data quality can help GTW to tolerate network

data loss environment.

5.4 Discussion

All the Data Quality Evaluation result is summarized in Fig. 5.18. Which type
of processing method is suitable with the data quality deterioration type caused by
various factor is evaluated. The “O ¢, ‘X ¢, and ‘A”is comparison result of Data
Processing Method type. When the Application answer rate kept over 80 % at
any input data quality, the suitability is The “O’, when the Application answer
rate kept under 20 % at any input data quality, the suitability is “X”, if there is

13

not so much difference between Data Processing Method, the suitability is The
JANIS

As mentioned before, Bayesian Classifier is a representative of some methods
which process the stream data per each frame, and HMM is a representative of
some methods which process the stream data per group of some frames.

The system output result is not affected in the situation that data collection
device has some error and individual data quality deterioration occurs. When the
data collection device has some error and some frames drop, the impact on output

is different due to which method to use. If Video frames drop, the method process
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per each frames can cover the deterioration better than the method process the
data per time series. But if both the video frames and acceleration frames drop,
the method to process the stream data per time series is better. It can be said
that when some frame in the stream data loose, stream data should be processed
per each frames if single kind of data frame loose, on the other hand, stream data
should be processed per time series if multiple kind of data frame loose.

In the case of data transmission error, when packet loss happen on verbalization
application, the method to process the data per time series is strong to over this
type of data quality deterioration. But the application output is sensitively affected
by the very slower speed of transmission rate. From this result, it can be said that
when the wireless LAN quality is bad, data should be processed per each frame.
The method to process the data per time series is affected by this type of data
quality deterioration badly.

When packet loss happen on human motion alignment algorithm, the method
which process the stream data per time series can align small matrix data and the
length of processed data should be almost the same.

The detailed discussion of each data quality deterioration is written in section

5.4.1-544

5.4.1 Discussion A : Application Correct Answer Rate Caused
by Image Quality Deterioration
The correct answer rate of application when each frame is deteriorated have
been evaluated assuming a case where only the low quality of image with lower
resolution can be obtained because of poor performance of camera sensors. In
this case, quality deterioration of individual data had less impact on the output
of the application. In the case of all of four image quality deterioration, the

percentage of correct answers in the application kept more than 60% even if the
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data input quality is the lowest. Application correct answer rate of vertical blurred
and horizontal blurred image has kept more than 80% even if the input data is
the lowest. This is because of that all the frame image quality deterioration type
is the same, so the accuracy of contour extraction of each frame does not fall, and
the center of gravity of the “people ”can be correctly determined, as the result, the
application is capable of maintaining high percentage of correct answers. Note that
the contour extraction accuracy is kept only in the case where all the individual
frames deteriorate with the same type, not in the case where the type of image
quality deterioration is random.

The result difference between two types of data processing method was in-
finitesimal in both index, the correlation between input data quality and applica-
tion correct answer rate, and the minimum required input data quality. As for the
minimum required image quality, all of four types of image quality was as low as
10% - 20% .

It can be said that it is not necessary to set up wastefully high image quality
in the system such as to extract contour difference of each frame, the application
might be able to satisfy the requirements even if half image quality of data is

utilized.

5.4.2 Discussion B : Application Correct Answer Rate Caused
by Frame Drop
The percentage of correct answers of the application in the case of quality
deterioration at the time of frame connection was evaluated in this experiment
assuming frame drop caused by temporary error of sensor terminals for example
buffer overflow. Compared with the case in section 5.4.1, the frame dropping has
a larger impact on the percentage of correct answer rate of the application. The

reason is that if exactly the moment of the frame when people are doing some kind
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of action drops, the node information can not be passed to information analysis
layer, and as the result, the number of times of verbalization output is reduced.

In the case in section 5.4.1, the changes in the percentage of correct answer
was small because all the frame while people are doing some actions ware obtained
without any frame drop. In the case of frame drop, the correct answer rate is
clearly reduced according to the reduction of number of acquisition frames. Since
the number of acquisition frames are changed, effects experienced by dropped
frames are different between two approach of the data process (process per frame
and process per frame group). Like the experiment B-3, in the case where both
video data and acceleration data dropped frames, the correct answer rate degraded
quickly when the data is processed per each frame, on the other hand, the correct
answer rate could keep over 40% until the input data quality is as low as 50 % . The
reason is that in the processing of each frame, the verbalization judgment would
have been reset in the next frame after the moment of the frames while people’s
action is happening drop, on the contrary, in the processing of frame group, the
distance of the center of gravity and the objects is held before the frame drop, and
the judgment is resumed from the frame after frame dropping, and as the result,
it is likely to lead to verbalization output.

When considering the effects of frame drop on two types of data processing
method, as for the data processing method per each frame, even if an important
frame is dropped, it can be covered by other frame before and after the dropped
frame, but when the reduction rate of the frames necessary for data process is
high, correct answer rate will be reduced. As for the data processing method per
frame group, the correct answer rate is affected as soon as an important frame
drops, but even with the fewer number of frames required for the processing gives

less impact on the correct answer rate.
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5.4.3 Discussion C : Application Correct Answer Rate Caused
by Packet Loss

The wireless LAN communication quality change cased by multi-rate multi-
plexing has been evaluated in this experiment and the impact on the application
correct answer rate affected by that data was experimented. The difference was ob-
vious between the processing method per each frame and per frame group. When
the data transmission rate is auto, the correct answer rate difference was as high
as 60%.

When the quality of the input data is degraded, the information of an impor-
tant frame while people’s action is happening can not be obtained, and averagely
less information from each frame can be obtained because the all the image quality
is degraded evenly. As discussed in section 5.4.2, the data processing method per
frame group is weak in this case. The data processing method per each frame is
strong in this case because information of an important frame is reflected imme-

diately to output of verbalization.

5.4.4 Discussion D : Application Correct Answer Rate Caused
by Packet Loss

The effect on the GTW algorithm which is one of the Time Warping algorithms
caused by wireless communication quality was evaluated in this experiment. A
method to absorb quality deterioration was proposed when GTW algorithm is
influenced by the input data quality degradation by the packet loss. An better
selection of matrix pixels can absorb the data processing method weakness. In the
case of Time Warping, small size of matrix and almost the same length of sequence

is effective to improve the analysis results.
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Figure 5.18: Summary of Data Quality Evaluation Experiment
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This chapter discussed four possible patterns of quality deterioration of “input

b}

data in Lifelog Analysis Application When considering quality deterioration
of Lifelog Analysis Application, the “operational quality”of the Lifelog Analysis

Application is also a essential topic. It is mentioned in chapter 7.
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Chapter 6

Human Activity Recognition
System Implement on Inter-Cloud

In this chapter, I will mention the operational quality of discussed Lifelog
Analysis Application. I will discuss how I expand the Lifelog Analysis Application.

I have concerned to introduce the Lifelog Analysis Application to each family
as abnormal activity detection system inside a smart house. When considering
setting up the system in each house, it is effective to collect and analyze the sensor
data on Cloud environment. As shown in Fig. 1.4. Only network camera and a
small sensor terminal, such as acceleration sensor are settled in the house, and for
a large amount of data processing, it is desirable to analysis the data on the cloud
and returns the result for each user after data analysis. This can be realized by
utilizing a technique called cloud computing.

A large amount of Lifelog data collected from each household is analyzed by the
private cloud and public cloud (inter-Cloud), and VM on each server analyzing the
Lifelog data is migrated to ensure the fault tolerance of server. In the evaluation
experiments in this chapter, I have particularly focused on security and speed of
VM migration. I propose an efficient migration method, in terms of the evaluation,
and implementation in the cloud, aim to build a system.

Outline. In section 6.1 of this chapter, what is Inter-cloud is explained, and in
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section 6.2, migration technology in inter-Cloud is discussed. In section 6.3, migra-
tion experiment with proposed method is discussed, and the result and discussion

of the experiment is mentioned in section 6.4.

6.1 Inter-Cloud and Data Security

In recent years, the data on real-world and cyber-space have increased dramat-
ically due to the recent development of data collection and analytic technologies
as well as high diffusion of Social Networking Service (SNS). As a result, these
big data are managed by Cloud instead of local environment such as users’ own
devices. The advantages of managing big data on Cloud are as follows: (1) users
do not need to possess large storage capacity or dedicated data management soft-
ware, (2) users can access required data through wired or wireless networks and by
any devices such as personal computers (PC) or Smart phones or tablet devices,
(3) the virtual machine (VM) on Cloud can be replicated and migrated to another
server for disaster recovery seamlessly.

Cloud-computing technology has evolved from “single-Cloud” (composed of pri-
vate cloud and public cloud separately) to “hybrid Cloud” (composed of private
cloud and public cloud connected with network), and then to near future “inter-
Cloud” (composed of several clouds connected with network). However, Cloud
computing technology has demerits that cannot be ignored — Security. For exam-
ple, user cannot access their own data or VM physically when the VM is optimally
migrated to another server. In addition the operating system (OS) on the host
server is managing all VM, thus, if the host server are compromised, the important
data and information of users will be lost and stolen.

Migration must be executed securely especially on inter-Cloud because different
data and VM will be migrated to another cloud not just another host. The VMs

must be migrated through safe and secure network such as security architecture for
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Internet Protocol (IPsec). However, there is trade-off between security and speed
of migration. Stronger security mechanism makes the migration speed slower.
Especially in IPsec, the whole data is divided to small fragments and encryption
is applied to each fragment. As a result, big-sized VM will take much longer time
to complete the migration. This is not efficient.

I have proposed a method to execute Cloud migration securely and quickly.
My method is based on the intuition on optimization efficiency to execute encryp-
tion and decryption to increase the speed of migration. In my method, I have
encrypted all VM on source Cloud (server) before migration, send the VM to an-
other Cloud (server) through the network, and decrypt the VM at the destination
Cloud (server). I compared my method with existing migration technique using
[Psec tunnel. My realistic comparison results showed dramatic performance im-
provement. I are planning to use this promising research results to examine (1)

speed of encryption (2) partial encryption, as my future research work.

| Single Cloud | | Hybrid Cloud I Inter Cloud |
I P ,&"”F;rivate )
C’V Private ' ~ cloud .
» C|°Udv  Public )
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Saa$S / PaaS Network
s N s/ 0 EEEy
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A Private )
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Figure 6.1: Evolution of cloud computing

As discussed above, the inter-cloud is an extension of single-cloud and hybrid-

cloud. The evolution of cloud computing is shown in Fig. 6.1. In single cloud,
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private cloud and public cloud exists separately. Private cloud is used by some
companies or personal users with private internal network. Public cloud is man-
aged by cloud providers such as Software as a Service (SaaS), Platform as a Service
(PaaS), and Infrastructure as a Service (IaaS) providers. User who want to use
public cloud have to contract and pay for a cloud provider service. In hybrid cloud,
private cloud and public is connected with network, and the data and information
on private cloud can be seen or used by public cloud at least temporarily. Though
the data and information of each contractor can not be seen from each other, the
network connection must be secure. In inter-cloud, private cloud and public cloud
of different cloud providers are connected with same network, thus, the security
should be even more strong.

The architecture of Inter-Cloud is shown in Fig. 6.2. Inter-cloud is managed
by cloud broker, cloud manager, and cloud directory. Cloud broker receives the
request of resource reservation from users and selects proper cloud and send the
request of resource reservation to the cloud and network. Cloud manager manages
each cloud resources and executes accounting, allocation. Cloud directory collects
information of cloud service and resources from cloud manager, and corresponds

to the query of proper cloud service.
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6.2 Characteristic of Migration on Inter-cloud

Inter-cloud technology allows different types of cloud connected with network
— inter-cloud. In addition, VM and data migration can be executed through
different types of cloud which managed by different cloud providers. Thus, when
a server host crashes or wide-scale disaster happens, inter-cloud technology can
protect users data, information and lifeline safely with sharing the resources among
different cloud. Additionally, with migrating VM optimally to the nearer server of
users, users can use their resources without being aware of delay.

As for the network for migration on inter-cloud, the secure network such as
[Psec is supposed to be used. As shown in the Fig. 6.3, the existing migration on
inter-cloud are supposed to be as follows : (1)shutdown the VM of host server on a
cloud, (2)migrate the VM another cloud through IPsec tunnel, (3)restart the VM

on destination server on the other cloud. While migrating the VM through IPsec
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tunnel, the data will be separated into small part on IP layer and each IP layer
packet will be encrypted each time. Though the security is strong, IPsec is not so
efficient. In addition, there is another way of migration — live migration in which
shutdown and restart of VM are not necessary. In live migration using IPsec,
the existing method is supposed to take much time as the process is complex. In
[Psec, the packet of IP layer is encrypted and safely transmitted. The sender side
and receiver side decide the key based on Security Association (SA), and Internet
Key Exchange (IKE) is used on receiver side authorization. In this paper, I only

executed the experiment of migration, live migration will be future work.

igration
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Figure 6.3: Supposed migration on inter-cloud

I suggest that encryption and decryption on each IP packet very inefficient. As

shown in the Fig. 6.4, my proposed way is as follows:

1. Shutdown the VM on sender side
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[\]

. Encrypt all the VM
3. Send VM with Secure Copy protocol (SCP)
4. Decrypt all the VM on receiver side

5. Restart the VM on receiver side
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Figure 6.4: Proposed migration on inter-cloud

6.3 Experimental Environment

I have compared performance of following two methods: (1) migration using
[Psec tunnel (Fig. 6.3), (2) my proposed migration method (Fig. 6.4). The real
terminal experiment have been executed with two nodes supposed to belong to

two different clouds.
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6.3.1 Terminal in the Experiment

I have installed Xen [60] as virtual machine monitor on each host server. Xen
provides a service of parallel processing and control of multi operating system (OS)
with one hardware. In xen, each VM is called “domain”. Xen hypervisor supports
one or several OS and executes scheduling to physical Central Processing Unit
(CPU). The host OS is called Domain-0 (dom0) and newly added OS (VMs) are
called Domain-U (domU). On each host server, one dom0 manages several VM,
domU. Dom0 starts automatically after hypervisor is booted and management
authority is given. Every physical hardware can be accessed from domO directly.
System administrator can login to all domU from domoO.

I have used iSCSI [61] as data storage for two xen host servers. iSCSI is a
protocol to use SCSI protocol on TCT/IP network. It is standardized on transport
layer. Recently, SAN storage is composed with Fiber Channel, however, the cost of
establishing a network of Fiber channel is high. iSCSI is a technique to compose
SAN, but iSCSI can be used with TCP/IP network instead of fiber channel. I
have settled one iSCSI target which is storage server and iSCSI initiator which is
client to access iISCSI target. In my experimental environment, iSCSI initiator is
installed to dom0 on each xen host server.

I have sandwiched dummynet between Xen host 1 and Xen host 2, in other
word, source server and destination server of migration. Dummynet is used to make
high latency environment artificially. The spec of each terminal in the experiment
is shown in Tab. 6.1, 6.2, 6.3, and 6.4.

When migrating the VM through IPsec tunnel, I have run IPsec with installing
openswan package [63]. Xen host 1 (source terminal of migration) is IPsec client,
and Xen host 2 (destination terminal of migration) is IPsec server. In my proposed

method, I have executed encryption and decryption with openSSL [62].
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Table 6.1: Xen host server 1 and 2 (same spec)

OS Linux 2.6.32-5-xen-amd64 and xen-4.0-amd64
Distribution || Debian GNU / Linux 6.0.2
CPU Intel (R) Xeon (R) CPU 3.60GHz
Memory 4 GByte
Disk 222 GByte

6.3.2

Table 6.2: VM and iSCSI initiator on Xen host server 1 and 2 (same spec)

(O

Linux 2.6.32-5-xen-amd64 and xen-4.0-amd64

Distribution Debian GNU / Linux 6.0.2

CPU

Intel (R) Xeon (R) CPU 3.60GHz

VCPU

1 core

VCPU Memory || 2 GByte

Storage open-iscsi-2.0-873
Disk 5 GByte
Table 6.3: iSCSI target
OS Linux 2.6.32-5-amd64

Distribution || Debian GNU / Linux 6.0.2

CPU Intel (R) Xeon (R) CPU 3.60GHz
Storage open-iscsi-2.0-873
Disk 130 GByte
Table 6.4: Dummynet
OS || FreeBSD 6.4-RELEASE
CPU || Intel (R) Xeon (R) CPU 3.60GHz
Disk || 64 GByte

Command Line in the Experiment

Migration through IPsec tunnel
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1. Start iSCSI target

2. Connect to iSCSI target from two iSCSI initiator

(Xen host server 1 and 2)

3. Create and start VM (domU) on migration source terminal

(Xen host server 1)

4. Start IPsec tunnel on both Xen host server

(1024bit RSA key)

5. Migrate the VM (domU) from migration source terminal to destination ter-
minal

(Xen host server 1 to 2)

my Proposed Migration

1. Start iSCSI target

2. Connect to iSCSI target from two iSCSI initiator

(Xen host server 1 and 2)

3. Create and start VM (domU) on migration source terminal

(Xen host server 1)

4. Shutdown the VM (domU) on migration source terminal

(Xen host server 1)

5. Encrypt all the VM (domU)
(root directory of domU)
(256bit AES key)
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6. Send encrypted VM (domU) with Secure Copy protocol (SCP) from source
terminal to destination terminal

(Xen host server 1 to 2)

7. Decrypt all the VM (domU) on migration destination terminal

(Xen host server 2)

8. Restart the VM (domU) on migration destination terminal

(Xen host server 2)

6.4 Experimental Result and Discussion

The result is shown in Fig. 6.5. The graph is comparison of existing migration
method (IPsec tunnel migration) and my proposed method. The vertical axis is
time to complete VM migration and the unit is minute. The horizontal axis is
round trip time (RTT) and the unit is millisecond (ms). I have measured RTT
value from 0 (ms) to 200 (ms). When considering migration between two different
located server, the distance is supposed to be longer and network latency is higher
as the VM will be migrated among servers all over the world. For example, the
distance from Tokyo, Japan to Osaka, Japan is about 550 km and RTT is about
20 ms. The RTT is about 120 ms from Tokyo, Japan to west part of United states,

about 200 ms and more to Europe countries.
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Figure 6.5: Comparison of existing migration method and my proposed method

As shown in the graph in Fig. 6.5, The migration of domU took about 3.5
minutes (min) even though in no-latency environment and as the RTT increases,
the migration time grows dramatically and migration took over eight minutes when
the RTT is over 100 ms. IPsec is bottleneck of migration because the packet is
divided into small segments, in addition, CPU allocation also makes migration
time longer.

On the other hand, my proposed method performs well and migration time
does not increase so much as RTT increases. The migration time is kept between
5 min and 6 min. In my proposed method, the bottleneck of migration time is
encryption and decryption time of VM which is shown in Fig. 6.6. The graph in
Fig. 6.6 shows the constant time of my proposed method. Each bar graph shows
the time of Encryption time before migration, decryption time after migration,
the total time of encryption and decryption, VM shutdown time before migration,

VM restart time after migration, and total time of shutdown and restart of VM.
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As the graph shows, total time of encryption and decryption is about 5 min.
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Figure 6.6: Constant value on my proposed method

As the graph in Fig. 6.5 shows, when the RTT is 40 ms, the performance of
two methods be almost same, and when RTT is over 60 ms, my proposed method
performs better than existing method. An shown in Fig. 6.7, when the RTT is
over 100 ms, the time of proposed method is about 60% of existing method. My

proposed method have achieved 40% performance improvement.
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Figure 6.7: The time ratio of proposed method to existing method

In the experiment in this paper, the encryption key type of existing method
with IPsec tunnel (1024bit RSA key) and proposed method (256bit AES key) is
different. I will uniform the key length and key type in future work. If the key
type is changed, the cross point of graph shown in Fig. 6.5 is supposed to move.
Stronger and longer key makes the graph of proposed method move to up. With
improving speed of encryption and partial encryption, my proposed method can

be improved more.
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Chapter 7

Conclusion

In this research, I have focused on correlation between input data quality and
Lifelog Analysis Application analysis result. There are a lot of types of Lifelog
Analysis Application developed before, but the input data quality of them has not
been concerned. When developing Lifelog Analysis Application, to consider the
impact of data quality on the result of the application is very important. If the
best quality for application is known, the input data can be collected effectively,
no need to collect very high quality of data to waste storage, analysis resources,
and analysis time. Also in the situation where the data quality deterioration can
not be voided, the type of data processing model can cover the problem and help
the application analysis for better output result. To cover this problem, I have
performed data quality evaluation experiment to clarify the input data quality
deterioration impact on the analysis result at application level, and showed a
guideline to handle the input data quality deterioration.

In the data quality evaluation experiment, I have utilized verbalization appli-
cation and human motion alignment algorithm GTW as the instance of Lifelog
Analysis Application to evaluate data quality influence. The input data of these
system is image data series (video data) and acceleration data.

The data quality valuation experiment is performed with proposed a Data

Quality Evaluation Framework, which is consist of typical three layers (data col-
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lection layer, data processing layer, and information analysis layer), which can also
applied to another Lifelog Analysis Application. It is a method to evaluate the
influence of the Lifelog Analysis Application caused by the deterioration of input
data quality.

In the data quality evaluation experiment, I have dealt with the factor to de-
termine input data quality. One is the data quality change during data collection,
for example, if some processing error of device happen, some frames of stream
data may drop or the quality of each frame may drop. The other is data quality
change during transmitting the data toward analysis terminals. Wireless LAN
communication quality with which the input data is transmitted in real time was
considered. If network packet lose happen while stream data transmission, the
quality of transmitted data may drop.

Data quality evaluation experiments, I have implemented three different kinds
of data processing method on the human activity recognition system. Bayesian
Classifier model, HMM, and GTW. I have selected these methods as they ware
widely utilized for human activity recognition system. The difference of the model
is that Bayesian Classifier model process the data per each frame of the time series,
and HMM and GTW process the data per series of frames. I have dealt with plural
model to show which model is strong to handle each data quality deterioration. I
have shown the correlation between data quality deterioration quantitatively and
the correct answer rate and the minimum required quality for the human activity
recognition system.

From the data quality evaluation experiment result, we found that individual
data quality deterioration caused by data collection device error does not affect the
Application Analysis result so much, but the frame dropping while arranging them
to series, the processing method should be used properly depend on the number of

objects to drop data frame. The method to process the data per each frame can
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cover single object of data frame drop, but if multiple objects to drop data frame,
the method to process the data per time series is better.

Data data transmission error affected the method to process the data per time
series badly, thus, the method to process the data per each frame should be used in
case of this type of quality deterioration. If only the method to process the stream
data per time series is implemented on the application such as human motion
alignment algorithm, input time series can be adjusted to cover this problem. In
GTW algorithm, the size of each frame in the time series should be small, and the

length of the time series to be processed should be almost the same.
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Appendix A

System Setup

A.1 Visual C++4 2008

1. Install Visual C++ 2008 from following URL

http://www.microsoft.com/japan/msdn/vstudio/2008/product/express/
(Visual C++ 2008 Web)

2. Install OpenCV form following URL

http://sourceforge.net/projects/opencvlibrary/
( Download "OpenCV_1.lprela.exe")

3. Setup OpenCV environment on Visual C++ 2008. The test image data path of
OpenCV is as follow.

C:\Program Files\OpenCV\sample\c

If the image data does not appears correctly, please go to step 4.

4. How to set the path of test image data
set Environment Variables of System Property as follow.

";C:\Program Files\OpenCV\bin"

Don’t forget to add ”;” at beginning of the line.

A.2 Network Camera

Install following two softwares included in CD-ROM attached with Network Camera
kit.
"TPCam Admin Utility”, "PCI Network Camera Viewer”
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A.3 SunSPOT

1. Insert set up CD-ROM of SunSPOT to Windows XP PC.
The following files are inside the CD-ROM
7.ant”, 7.Demos”, ”.jdks”, ” .NetBeans”, ”.sdk”, ” SunSPOTSDKnstaller.jar”

2. Check the java version on the PC.
"java -version"

If java is installed, go to step 4, otherwise, go to step 3.
3. Install java.
Click jdk-1_5_0_07-windows-i586-p.exe in ".jdks".
Select accept.
Select Custom setup.
Register the browser.
Done
Check the java version with the command java -version

g Hh ® O T @

Check the JAVA_HOME.
Input "set" command to command prompt, if "JAVA_HOME" is included the output list,
go to step 4, otherwise, do following procedure.

set Environment Variables of System Property as follow.
Variable : "JAVA_HOME"
Path : "C:Program Files\Java\jdk 1.5.0_07"

4. Install SunSPOT SDK.
Click ”SunSPOTSDKInstaller.jar” included in CD-ROM.

5. How to control SunSPOT
Utilize ”NetBeans 5.5” installed.

The program is in following path.
”C:Program Files/Sun/SunSPOT/Demos”
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Appendix B

Human Activity Recognition
System Program

B.1 Header file definition

[17177717777777717777777777777777177777771177777777777777777771171711111177
1111711171111111111111117 define 1111171177171711111117711171711177
L177777177777777117777777777777771777777711117777777777777777711111117111177
#define _CRT_SECURE_NO_DEPRECATE 1 /* VisualC++2005 TOEEHH] =/

#define _CRTDBG_MAP_ALLOC // A%V U—7 [

#define THRESHOLD 15 // 7303 % 3R B BRI

#define THRESHOLD_MAX_VALUE 255 // 2 fE{LOBEICAEfH % i ki

#define CAPTURE_OFF 0 // gD v 7' F ¥ & hikd 277 /i

#define CAPTURE_ON 1 // W{&OF ¥ 7'F ¥ 2B+ 277 /1H

#define GRAY_DIFFERENCE 0 // TL—ALr—MIBiHENFIH

#define NOISE_MORPHOLOGY 0 // ENA7 4 v Y—ERIZ LD /A4 XpEDOT7 T 71E
#define SPHERE 10 // RGB ¥i7&/ikm M

#define CONT 500

/] EEFT /]

#define THRESHOLD_AVI 2 // avi OFKMOMIE//Z Z%2BEZTHD !

#define SENSOR_INTERVAL 0.1 // ZOHULEOK:, B0/ — R&ET (BE2) SHomikimicd s
//#define SENSOR_INTERVAL3 0.3 /7 (W)

#define THRESHOLD_SENSOR 2 /1 B OREOMIE

#define OBJECT_NUMBER 5 // EFWIEOMEE (THOEE)

#define DROP_NUMBER 10 // 1 FhZfif[Ela~ & L 50 FFidf 5= 1)

#define MOVIE_DROP 10 // Byli7 —X D a~iEl L

#define THRESHOLD_MARKOV 10 // ~ /a7 OROME (GE3& NN DEBRTZH 0N
/BTy A0y FbEYy TS

J/ULE . WLEdhi A oo R
#define HMAX 20

#define HMIN O

#define SMAX 255%1
#define SMIN 255%0.2
#define VMAX 255%1.0
#define VMIN 255%0

/1 7 42 (fiEL BT L OATEI)

#define MAX_SIZE 100000
II11117777717777177777177117177177177717177777777777777717717711711717717177
I111117111111111111117117 struct I111717117117111117117111111117
II1111771777777711777717717717777777777777717777771771771771771171171771177

/1 TE IR ORI

typedef struct _Object{
int ObNumber; // PR %
char ObName[2561; // #{k%
char O0bPic[32]; // Wikiifs
IplImage *ObImage;

int OBcounter;

int OBDefTime;

CvPoint center_cl; // EHRMEOTLEE HERIZR>TND) (BAT 1)
CvPoint center_c2;

_Object *pNext;

_Object *pPrev;

}Object;

/1 WAT 2 ESPOE Y b (ERENOMIENS LET SR ->T2) T 5->1, HhLzn->0
typedef struct _OutputBit{

int R_000;

int R_001;

int R_010;
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int R_011;
int R_100;
int R_101;
int R_110;
int R_111;
}OutputBit;

/7 By, iR L ) BR O BIE Z 2k
typedef struct _TempBayes{

char ObNumber[8];

char ObName[128];

char Verb[128];

char PostPositionall2]; // Bl

char Conjugation[128]; // i&H

OutputBit a_1; // ZOFICHATEMEI PR A-TSH
_TempBayes *pNext;

_TempBayes *pPrev;

}TempBayes;

// FILE % Ff5> T HHER (sensor_test i)

typedef struct _File_struct{

int n; // U A ORGSR

int flag; // BV P BRA-THEHOE Y b 1->HV, 0->72L)
FILE *fp_in; // AJM7 74N

FILE *fp_out; // tHIHZ 7 AL

FILE *fp_node;

char text_in[32];

char text_out[32];

char text_node[32];

int c_flag; // WAT 1L 2 1CB-THNE 5% (10 01 11)
}File_struct;

I11177717777777711771777717777777777777771177777777711771771771771171771771177
1111117117111117117117117 global A4 111117111711111111711111117
I11177717777777717777777717777771771177777717777777771771711771771111771771777
1/
extern Object g_object[32]; // EFRMIKDOES LA HIZ MM 2ES

extern Object *pFirstObjectl;
extern Object *pFirstObject2;
extern Object *pLastObjectl;
extern Object *pLastObject2;

extern TempBayes *pFirstBayes;
extern TempBayes *pLastBayes;

extern OutputBit g_outputbit[0BJECT_NUMBER];
extern File_struct g_file_sensor [0BJECT_NUMBER];

//
extern CvSize g_ImageSizel; // HMifgDH A X

extern CvSize g_ImageSize2; // HfgDH A X

extern CvPoint g_Pos[4];

//extern CvPoint g_pos_new[2] [0BJECT_NUMBER] [4]; // WAMEIECREFT (=0 A A DR V)
extern CvPoint g_pos_newl[0BJECT_NUMBER] [4];

extern CvPoint g_pos_new2[0BJECT_NUMBER] [4];

extern CvPoint2D32f centerl; // HLJEERA 4
extern CvPoint2D32f center2; // HL/LMEE

extern IplImage *defineIlmagel; // /EZEi{4/ IplImage
extern Ipllmage *defineImage2; // G4 IplImage
extern IplImage *defMaskRedImagel; // FREAHEV DS L~AZH{EH D Iplinage
extern IplImage *defMaskRedImage2; // #R(AIEV S5 L~ A7 Mi§H ¢ Iplimage

He g

extern Ipllmage *backImagel; // iM%/ IplImage
T

extern Ipllmage *backImage2; // # MM IplImage

extern IplImage *defObImagel1[10]; // fHRBIEZH 2 ity (LLITR)
extern IplImage *defObImage2(10]; // fHRBIEFRY 2 fEfbimify (LI TR

extern IplImage *frameImagel; // 7 L —AfEDfRFFH
extern IplImage *framelmage2; // /

//
extern int g_PointCnt;

extern int g_time; // 7 7 A JVHJIIRER
extern int iObnumi; // EFRMIKDEL % k&HH
extern int iObnum2; // EFmMIEDOEE N

/1 ANHEWTT7 7 A NV4 (textver )
extern char sunspot_text_in[32];

extern char sunspot_text_out[32];

/] BV — RO text 77 AN (77 A MADHPE)
extern char sensor_node[32];

extern char cText[];
extern char *res_node; // g_time Z & DHEED ) — K

extern char *file_memo;

extern char ob_NAME[OBJECT_NUMBER] [16]; // WiA% Z{kkF L CTh< /m— LA
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/1 B 1O =Ry (FTH s, W s3)
extern int s_counter [0BJECT_NUMBER];

extern int g_flag[OBJECT_NUMBER] ;
extern int g_flag_timer [OBJECT_NUMBER];

extern int s_count; // B VT AN H
extern int fun_flag; // main PO HEFEITTE0hDT7 TS

extern FILE xfp_for_prog; // AEH7 7 AL
extern char *f_name_prog; // 7 7 A /4

extern int thr; // 744V U LEREiFEE)
extern int filter_flag; // D7 4 NH%&fE D H
extern int pre_put; // iifii L CH LS5

FEbE L2 K HICT 5728, RO SFEO ob_number Z{#FFL THLmbD LD

/] == 7B
extern int mar_flag; // ¥/ A7 OHZALN—T a Y EFHAN—=T a v OV HEZT T 7
extern int b_or_h_flag; // ~XA Rip HMM WUV 2 57T 7 (F7 /v MESA X)

/] ~a T EBOGEM
extern int pre_tra_c[OBJECT_NUMBER]; // 71 A T DiEH
extern int pre_tra_a[OBJECT_NUMBER]; // M/ DiER

/] wnaTa<wEE L
extern int drop_movie; // Bh]
extern int drop_sensor; // N[

// BEOBGREZ D, T T a0
extern int fr_dif; // 7L —AD#ESy

JILIIITI0710777777771777771771777711771711717777711777771771771771711771777
I111117117111117117117117 B%OE % 111117117117117111117117117
JII11177707710777777771717771717717717771711777771711777771771771171771171177

/7 g & EOE

void maskContour (int w_flag, IplImage *paintImage, IplImage *maskoutImage,
IplImage *contourImage, IplImage *momentImage, int area_line,

FILE *fp, CvPoint2D32f center, CvSize imageSize, Object *pFirst,

FILE *d_fpl, FILE *d_fp2);

/] = U AR DPEEEE (7 v 7 T LR R AT
void Mousel(int event, int x, int y, int flags, void *param);
void Mouse2(int event, int x, int y, int flags, void *param);

/1 BV LETRM~ T A
void Mouse( int event, int x, int y, int flags ,void *param) ;

/1 5B

void GrayScaleDifference(IplImage *currentImage, IplImage *backgroundImage, IplImage *resultImage, CvSize imageSize );

/1 EFREDY 2 W7 7 A VT) (VA MRS D)
void OutPutObject(Object *pFirst);

/1 WHAEEGS
int Elemtypetraits(IplImage *img, int x, int y, int ch);

/7 MR E 7 U —3 5 Bk
void FreeObject (Object *pNode);
void FreeBayes(TempBayes *pNode) ;

/ISR OB E TG LT, MIRERT 7 A VDD ATT O L o T i, €O7 7 A MTEREN TV 2 PIROKZ KA
int SetObjectFromFile(char *FileName, int flag);

/1 =7 ATHREERT 2B
void MakeDbjectNode_auto(char *WNDefl, char *WNDef2, char *RedPicl, char *RedPic2);
/1 EFEOTLERD DB G 1% B OwikD)

void new_get_center(int n_i, int c_flag);

/7 HEERRABE R
void MakeNode(char #*0bName, int iObnum, int flag);

/] EFWEROY A MEENS 7 7 A MIEE T
void PutFromListToFile(char #FileName, Object *pFirst);

/] EFEAICELREENLTN DD
void matching(Object *pFirst, CvSize imageSize, CvPoint2D32f center);

1/ EEWEDO~ A WHED 7 7 A V4 &G L cInageName (24
void GetMaskFileName(char *cImageName, int iObnum, int flag);

/1 FRE SN ERMIRO WG A PRIV L, {RTE, N D,
void GetObjectMaskImage( IplImage *defMaskRedImage, IplImage *ObImage, char *cRed, char *str, CvSize g_ImageSize, int mov_number/*0 or 1%/, int ob_n);

//
void new_Verbalization2(FILE *fp); // A ADEMEME ST, ALi ORPNEREEHAL Lo, (fp (ZHEALMT 7 A1)

void new_Verbalization_m(FILE *fp_Text, FILE *s_fp_main); // ~/L37 ver WX #H T D7 7 A VA& wiIiA A THHT ver

void new_SetBayesFromFile2( char *FileNamel, char *FileName2); /] csv 77 ANDBRAL ZAD ) — REGAT, D csv 7 7 A MTEE AL,
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BOOL new_IsOutPut2( Object *pObjectl, Object *pObject2, TempBayes *pMove, FILE *fp, int *r3_node/*fd5|iC72>T%*/); // TempBayes |
HOE Y FRA->TLE

float calc_p(float R_A[][OBJECT_NUMBER], OutputBit *outputbit, int ob_n, FILE *fp_memo); // M1 T 51 E I DLy hEMEERICHMIAA T

int check_n(int n, int *arr, int e_n);

// text -> text ver
/0 Bl o KEIZEE . KM M)

int scene_drop_text(int n, int max_or_min, char *fnamel, char *fname2); // 1 FZoX | fif[a) (n [B]) TKYIZ

/] BrY—DEE 2179 2Hlo T, node HakEL, 77 AV
// interval : ZEDMHi fnamel : AJJ7 7 A/ fname2: {17 7 A /L
int set_sensor_node(int n, float interval, char *fnamel, char *fname2);

/7 B BAL CCFFIRES T 7 A VA ERR)
// pre_name + n_of_file -> str_out
void make_file_name(char *pre_name, int n_of_file, char *str_out) ;

/] BT ANDBEET Dk TSR
void set_file_bit();

/] ~ U AEFR LTI EERE
void set_g_pos(Q);

// filter FAMIEL

//Iplimage *smooth(IplImage *img, int thr); // Pk
void blur_len(IplImage *img, int thr); // 7 L7zifg (ff)
void blur_side(IplImage *img, int thr); // 7 L7-Hifg ()
void resolution(IplImage *img, int thr); // fi#{&fEE

/7 7 VEBL ESIER B
float make_len_array(float *array_len, int size_of_array); // 7 LIH{GOEIFIERA
float make_side_array(float *array_side, int size_of_array); // 7 LVE{g&OESIERLA

/1 =T OERER T 7 A v O
void new_set_HMM_state(FILE *£fp);

117 FANAEEDT 4 N B 2T D
117 =AY % BIEL
void cv_CartoonFilter(IplImage* src, IplImage* dst, int BlockSize, double ContThre, int PyrLevel, double SegmentThre, int MedianLevel);

B.2 main function

/1 AFE Y ) — 7 ks
#include <stdlib.h>
#include <crtdbg.h>
#include <stdio.h>
#include <string.h>
#include <math.h>
#include <cv.h>
#include <cxcore.h>
#include <highgui.h>
#include <iostream>
#include <windows.h>

/] AN —RT7 A
#include "hedder.h"

using namespace std; // JLAXOWTZmbE Y HATANTEL
117 0= SVER

//
Object g_object[32]; // EFEMIKDFE 5 L 4l A k7 5B

Object *pFirstObjectl = NULL;
Object *pFirstObject2 = NULL;
Object *pLastObjectl = NULL;
Object *pLastObject2 = NULL;

TempBayes *pFirstBayes = NULL;
TempBayes *pLastBayes = NULL;

OutputBit g_outputbit[0BJECT_NUMBER]; // ElSIODT THADMEEAR 720 ME L T <,
File_struct g_file_sensor [OBJECT_NUMBER]; // MADIE/ZIF IR L TH<,

//
CvSize g_ImageSizel; // HfEDH A X
CvSize g_ImageSize2; // HfEDH A X
CvPoint g_Pos[4];

//CvPoint g_pos_new[2] [OBJECT_NUMBER] [4];
CvPoint g_pos_newl[0BJECT_NUMBER] [4];
CvPoint g_pos_new2[0BJECT_NUMBER] [4];

CvPoint2D32f centerl; // F.LNEEARA V4
CvPoint2D32f center2; // FLNEFERA 4

Iplimage *defineImagel; // E#IE{4/] Iplimage
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IplImage *defineImage2; // M4/ IplImage

Iplimage *defMaskRedImagel; // RV S5 L~ A7 Efgf? Iplimage
Iplimage *defMaskRedImage2; // RV S5 L~ A7 EH O Iplinage
IplImage *backImagel; // 5 if4/f] IplImage

Iplimage *backImage2; // 5 5Hif4 /] IplImage

Iplimage *defObImagel1[10]; // ABIEFEY 2 MfLEL (LTI
IplImage *defObImage2[10]; // HAEFRY 2 fEfbmify (LLFIE)

Iplimage *frameImagel;
IplImage *frameImage2;
//
int g_PointCnt = 0;

int g_time = 0; // 77 A /LI
int iObnuml = 0; // EHRMIKOKZ KN
int iObnum2 = 0; // EFRMIKOEAE M

/] NITEWN 7 7 A N4 (textver H)

/1 77 ANKOHPE

char sunspot_text_in[32] = "t_sensor_in_";
char sunspot_text_out[32] = "t_sensor_out_";

// sensor /— F® text 77 A /L
/1 77 AN OHPE

char sensor_node[32] = "sensor_node_";

char cText[] = "Result.txt"; // <B/NL2-7=5 main OPIIFET !
char *res_node = "Result_node.txt"; // g_time Z & DD/ — K

char *file_memo = "R_A_memo.txt";
char ob_NAME[0BJECT_NUMBER] [16];

/B 1D —=RAvrs (K7 st, W :s3) Usede < THIREZ
int s_counter [0BJECT_NUMBER] ;

int g_flag[OBJECT_NUMBER] ;
int g_flag_timer [0BJECT_NUMBER] ;

/] =N THRE

int s_count = 0;

int fun_flag = 1;

int mar_flag = 0; // O:fffi# &A% (bayes DKL Z o5 1) 1: FEHALARHT
int b_or_h_flag = 0; // bayes /> HMM 7>, (0:bayes 1:HMM)

int drop_movie = 10; // @Oz~ L L (wi=27)

int drop_sensor = 10; // B ¥ Da~wEL L (wraz)

/! 7L — AR LRGE
int fr_dif = 2x10;

FILE *fp_for_prog;
char *f_name_prog = "for_prog.txt";

/1 7 4 VP ER

int thr=15;

/1 0:7 4 NF L LR 2:6E7 L 3R L 4 fiRQE
int filter_flag = O;

int pre_put=0; //Z b hilEHH
/] ~a 7 EROEEA
int pre_tra_c[0BJECT_NUMBER]; // /1 AT D&%

int pre_tra_a[OBJECT_NUMBER]; // k& D&/
1111717717177777771117711777717777117771111771117771117

//main B%L
int main( int argc, char *argv[] ){

int a; // #&TH FHTEKIEZRV)

CvCapture *Capturel = NULL; // 71 A7 ¥ v 7 F v AOHE R
CvCapture *Capture2 = NULL; // #1 A7 ¥ v 7 F v HOME R

int key; // ¥—AJHOEL
bool bIsPush = FALSE; // FEED R S ii=mo ki
bool bIsNewAVI = FALSE; //

char pic_DefMaskRed1[] = "defMaskRedl.jpg"; // FREABEV D5 L~ A7 Hilg D4R
char pic_DefMaskRed2[] = "defMaskRed2.jpg"; // #RELBEV D5 L~ A7 Eitg D4R

char WNDefi[] = "Definel"; // HilElEHKEIGRE XRT D A > KU O4HI

char WNDef2[] = "Define2"; // HilFlE&ELEKmT D T A > KU ORI

char WNCapti[] = "Cameral";

char WNCapt2[] = "Camera2";

char WNConi[] = "Contourl";

char WNCon2[] = "Contour2";

char WNmask1[] = "Paintedi";

char WNmask2[] = "Painted2";

char cDefObjFilel[] = "Objectl.csv"; // EFMIKZRIFT 2 CSV IBRD 7 7 4 V4
char cDefObjFile2[] = "Object2.csv"; // EFMIEZRIFT L CSV IBRD 7 7 4 V4
char cMmtFilel[] = "Momentl.csv"; // E.LOMEZRIFET D
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char cMmtFile2[] = "Moment2.csv"; // FHLO(EZ{RIFT 5
char cBayesFile[] = "Bayes_in.csv"; // 7V 7 L— b & DR

MEFLTHDH T 7 AL

char cBayesFile2[] = "Bayes_out.csv"; /] RATToFxy NOEERROBN 7 7 AV, FiRfE>TROLITE,

char VideoNamel[] = "Y:\\img\\rec\\testl.avi";
char VideoName2[] = "Y:\\img\\rec\\test2.avi";

IplImage *currentImagel;
IplImage *currentImage2;
IplImage *pre_Imagel;
IplImage *pre_Image2;

IplImage *resultImagel;
IplImage *resultImage2;
IplImage *maskoutImagel;
IplIimage *maskoutImage2;
IplImage *contourlImagel;
IplImage *contourlImage2;
IplImage *momentImagel;
IplImage *momentImage2;

IplImage *paintImagel;
IplImage *paintImage2;

IplImage *paintImagel_mono;
Iplimage *paintImage2_mono;

FILE *f_Text;

FILE *f_Momentl;
FILE *f_Moment2;

FILE *d_fpl; //WRpEH&AHRM 7 74 v

FILE *d_fp2;
char *fnamel = "distancel.txt";
char *fname2 = "distance2.txt";

FILE *tra_fp;
char *fname_tra = "trance.txt";

int captureOn = CAPTURE_ON; // &7/ %175 B4 WHT 50 E 5 n
int differenceMode = GRAY_DIFFERENCE; // %Ay DatfiE— R
int noiseMode = NOISE_MORPHOLOGY; // /A RZfr¥ET 5HE— K

/1 AEMZ 7 ANERKL

if ( (fp_for_prog = fopen(f_name_prog,"w")) == NULL ){
printf ("7 7 A VEBITEE AR ;

return -1;

}
//while(fr_dif > 0){

if ( (Capturel = cvCaptureFromAVI(VideoNamel)) == NULL ){
/1 77 ANBRODS RS T HE

printf( "%s 2 H-O2 D FHA\n", VideoNamel );

return -1;

}

if ( (Capture2 = cvCaptureFromAVI(VideoName2)) == NULL ){
11 7 7 ANBRONG o T2 E

printf( "%s 23270 £HA\n", VideoName2 );

return -1;

}
if (fun_flag == 1){ // 1:HHEF % FET, 2: v U AEREOHRR

//-- ——<<HEE 1: 8D Y >>-—-
/7 O E L KGey Ty LS, EEEE LTRFT S
frameImagel = cvQueryFrame( Capturel );
frameImage2 = cvQueryFrame( Capture2 );

11111771117717117771777711771117711177711177117
// filter_flag != 0 ROLWTNMND T 4 LA MFREFT 9,
1111177111777117771117711177111771117711711717

if (filter_flag!=0){

if (filter_flag==1){ // Vit

cvSmooth(frameImagel, frameImagel, CV_BLUR, thr, 0, 0, 0); // 7 4 /L2 LB}
cvSmooth(frameImage2, frameImage2, CV_BLUR, thr, 0, 0, 0); // 7 4 /L2 LpH
Yelse if(filter_flag==2){ // fit7 L

blur_len(frameImagel, thr);

blur_len(frameImage2, thr);

Yelse if(filter_flag==3){ // fi7 L

blur_side(frameImagel, thr);

blur_side(frameImage2, thr);

Yelse if(filter_flag==4){ // fi#4)E

resolution(frameImagel, thr);

resolution(framelmageQ, thr);

¥

¥

backImagel = cvCloneImage( frameImagel );
backImage2 = cvCloneImage( frameImage2 );
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/11
cvSaveImage ("frameImagel. jpg",frameImagel) ;
cvSaveImage ("frameImage2. jpg" ,frameImage2) ;

7/ A ZXOLRAF
g_ImageSizel = cvSize( frameImagel->width, frameImagel->height);
g_ImageSize2 = cvSize( frameImage2->width, frameImage2->height);

//Iplimage DML

defineImagel = cvCreateImage( g_ImageSizel, IPL_DEPTH_8U, 3 );
defineImage2 = cvCreateImage( g_ImageSize2, IPL_DEPTH_8U, 3 );
currentImagel = cvCreateImage( g_ImageSizel, IPL_DEPTH_8U, 3 );
currentImage2 = cvCreateImage( g_ImageSize2, IPL_DEPTH_8U, 3 );

pre_Imagel = cvCreateImage( g_ImageSizel, IPL_DEPTH_8U, 3 );
pre_Image2 = cvCreateImage( g_ImageSize2, IPL_DEPTH_8U, 3 );

resultImagel = cvCreateImage( g_ImageSizel, IPL_DEPTH_8U,
resultImage2 = cvCreateImage( g_ImageSize2, IPL_DEPTH_8U,
maskoutImagel = cvCreateImage( g_ImageSizel, IPL_DEPTH_8U, 3
maskoutImage2 = cvCreateImage( g_ImageSize2, IPL_DEPTH_8U, 3
contourImagel = cvCreateImage( g_ImageSizel, IPL_DEPTH_8U, 3
contourImage2 = cvCreateImage( g_ImageSize2, IPL_DEPTH_8U, 3
momentImagel = cvCreateImage( g_ImageSizel, IPL_DEPTH_8U, 3 );
momentImage2 = cvCreateImage( g_ImageSize2, IPL_DEPTH_8U, 3 );

o
~ —

paintImagel = cvCreateImage( g_ImageSizel, IPL_DEPTH_8U, 3 );
paintImage2 = cvCreateImage( g_ImageSize2, IPL_DEPTH_8U, 3 );

// BRI
paintImagel_mono = cvCreateImage( g_ImageSizel, IPL_DEPTH_8U, 3 );
paintImage2_mono = cvCreateImage( g_ImageSize2, IPL_DEPTH_8U, 3 );

IZ IplImage DAL AZ E L O THNTE I D
JIEBRMY 4 v R

cvNamedWindow( WNDefl, CV_WINDOW_AUTOSIZE );
cvNamedWindow( WNDef2, CV_WINDOW_AUTOSIZE );

i S

if ( 1 (((defMaskRedImagel = cvLoadImage( pic_DefMaskRedl, CV_LOAD_IMAGE_ANYDEPTH | CV_LOAD_IMAGE_ANYCOLOR )) != NULL)

&& ((defMaskRedImagel->width) (frameImagel->width))

&& ((defMaskRedImagel->height) == (frameImagel->height)))

)

defMaskRedImagel = cvCreateImage( g_ImageSizel, IPL_DEPTH_8U, 3 );
cvSetZero(defMaskRedImagel) ;

printf("Set Mask Imgl O\n");

}

if ( ' (((defMaskRedImage2 = cvLoadImage( pic_DefMaskRed2, CV_LOAD_IMAGE_ANYDEPTH | CV_LOAD_IMAGE_ANYCOLOR )) != NULL)

&& ((defMaskRedImage2->width) == (frameImage2->width))
&& ((defMaskRedImage2->height) == (frameImage2->height)))
)2S

defMaskRedImage2 = cvCreateImage( g_ImageSize2, IPL_DEPTH_8U, 3 );
cvSetZero(defMaskRedImage2);

printf("Set Mask Img2 O\n");

}

// <HE 1-2:8D0 >

cvShowImage( WNDefl, frameImagel );
cvShowImage ( WNDef2, frameImage2 );

/1 CHNDERT D

/] R RO ARy b (HAOEy by ) WML bEY )
new_SetBayesFromFile2( cBayesFile, cBayesFile2);
/BT ANOREEOE Y My b

set_file bit();

set_g_pos();

[ <<l 2 RIS RO

printf ("\n #**kkkxxk***k input 1’ to show Defined Object Image \n");
key =cvWaitKey(0);

if (key == "1°){

[ FRIRA TN R E 7 ) — %
FreeObject (pFirstObjectl) ;
FreeObject (pFirstObject2) ;
pFirstObjectl = NULL;
pFirstObject2 = NULL;
cvSetZero( defMaskRedImagel );
cvSetZero( defMaskRedImage2 );

cvAddWeighted( backImagel, 0.7, defMaskRedImagel, 0.3, 0, defineImagel ); //(30)7

Iz

cvAddWeighted( backImage2, 0.7, defMaskRedImage2, 0.3, O, defineImage2 ); //(#3i)7

Iz

cvShowImage( WNDefl, defineImagel );
cvShowImage ( WNDef2, defineImage2 );
iObnuml = 0;

i0bnum2 = 0;
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MakeObjectNode_auto( WNDefl, WNDef2, pic_DefMaskRedl, pic_DefMaskRed2 );

for(a=0; a<OBJECT_NUMBER; a++){

printf("main %d : %d, %d\n\n", a, g_object[al.center_cl.x, g_object[al.center_cl.y);
printf("main %d : %d, %d\n\n", a, g_object[al.center_c2.x, g_object[a].center_c2.y);
}

bIsPush = TRUE;

}

printf("Input ’q’ to quit while movie is running\n");

printf("if it’s ok input any key to start\n");

cvWaitKey (0);

// <HEE 2: 110 >

/1T RTOERDRERT
printf ( "wkkiE FErkk\n" ) ;
//WA% 1 DILER
printf("%s\n",WNDef1);
OutPutObject (pFirstObjectl);
//WeA% 2 DILEL

printf ("%s\n",WNDef2) ;
OutPutObject (pFirstObject2);

cvDestroyWindow( WNDefl );
cvDestroyWindow( WNDef2 );

PutFromListToFile( cDefObjFilel, pFirstObjectl );
PutFromListToFile( cDefObjFile2, pFirstObject2 );

// while SCUZADHIODERHE

/] BELT 2 EESRALT 7 A NVERL

//BE 1 D7 7 AL

if ( (f_Momentl = fopen(cMmtFilel,"w")) == NULL ){
printf ("HH77 7 A A& BIT AR

return -1;

}

fprintf( f_Momentl, "time, center.x, center.y\n" );

/I 2 D7 7 AL

if ( (f_Moment2 = fopen(cMmtFile2,"w")) == NULL ){
printf ("7 7 AV EBITEE AR ;

return -1;

}

fprintf( f_Moment2, "time, center.x, center.y\n" );

/1 B EIABR 7 7 A VA BE<

if (mar_flag == 0){

if( (d_fpl = fopen(fnamel,"w")) == NULL ){

printf ("FEEEMAI T 7 7 AL 1 T £ A (maskCountour)\n");
return -1;

}

if( (d_fp2 = fopen(fname2,"w")) == NULL ){

printf ("HEEMIN 7 7 AL 2 ZB) £ A (maskCountour)\n");
return -1;

}

Yelse if(mar_flag == 1){ //BtHiAL T/ N—T 2 v

/1 AT 7 A NVERKL

if ( (tra_fp = fopen(fname_tra,"r")) == NULL ){
printf("state.txt #BH(J£HA (before while) \n");
return -1;

}

Yelse{
printf("error in markov_file_open\n");

}

cvNamedWindow( WNCaptl, CV_WINDOW_AUTOSIZE );
cvNamedWindow( WNCapt2, CV_WINDOW_AUTOSIZE );
cvNamedWindow( WNConl, CV_WINDOW_AUTOSIZE );
cvNamedWindow( WNCon2, CV_WINDOW_AUTOSIZE );

cvNamedWindow( WNmask1, CV_WINDOW_AUTOSIZE );
cvNamedWindow( WNmask2, CV_WINDOW_AUTOSIZE );

if ( (f_Text = fopen(cText,"w")) == NULL ){
printf ("\"%s\" 77 A LEZBITEEAR");

return -1;

Yelse{

printf (" \n");
I111777717777771777177777177771777717777777777777777777777777717777711771117771777717177717
1111111111111111117 111171771177771177111771117771117711111717
1111111111111111117 B BR O AL 11117177117777117711177111771117711711717
1111111111111111117 11117177117777117711177111771117711711717
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JII11T1077077777777777777777177777777771777777177777777777177177777177117117117117117117

// 0O r¥F—42% a(u)/1(F) Ta~EE LLE7 7 A NVEMET S, (a_p |% DROP_NUMBER) &AL
/] ARtk

for(s_count=0; s_count<OBJECT_NUMBER; s_count++){

if(g_file_sensor[s_count].flag == 1){ // 7 7 A LDMEfET HHE720F

/1 77 ANVABER G 3518 (NI &)
make_file_name(sunspot_text_in, s_count+l, g_file_sensor[s_count].text_in);
make_file_name (sunspot_text_out, s_count+l, g_file_sensor[s_count].text_out);

/] a=EL L
scene_drop_text (DROP_NUMBER, 1, g_file_sensor[s_count].text_in, g_file_sensor[s_count].text_out);

}
}

/70 B TF—2ovy hety b

/1 &ALk

for(s_count=0; s_count<OBJECT_NUMBER; s_count++){
g_file_sensor[s_count].n = s_count+1l; // #iL&EH4 v hLTHL

if (g_file_sensor[s_count].flag == 1){

11 7 7 A NVAAERR

make_file_name(sensor_node, s_count+l, g_file_sensor[s_count].text_node);

set_sensor_node(2, SENSOR_INTERVAL, g_file_sensor[s_count].text_out, g_file_sensor[s_count].text_node);

/77 ANVERNTENT, ~.n ZEv b

if (fopen_s(&g_file_sensor[s_count].fp_in, g_file_sensor[s_count].text_node,"r")!=0){ //itAMY A~ 7 A v
puts( "7 7 A BT EEAL" );

return 1;

}

}

¥

/] BV OBy E 0 L L TEL,

for(s_count = 0; s_count<OBJECT_NUMBER; s_count++){

s_counter[s_count] = 0;

g_flagls_count] = 1;

g_flag_timer[s_count] = 0;

}
II1111771077777777171777777777777777777777777777777777777777777777777177117177117117117177
II111177177777771771777777777777777777777777777777777777777177777777177717177117117117177
II1117771077777771171777777777777777777777777777777177777777177177777177117177117117117177
printf (" \n LLEDEFRMIEK E NOITINCSWTFE L LET. \n");
printf("\n [S5&k] \n");

if ((b_or_h_flag == 1)&&(mar_flag == 0)){

printf("data processing : HMM - making_file\n");

Yelse if((b_or_h_flag == 1)&&(mar_flag == 1)){

printf("data processing : HMM - analyzing\n");

}else if ((b_or_h_flag == 0)&&(mar_flag == 0)){

printf("data processing : Bayes Classifier\n");

Yelse{

printf("something wrong with define!!\n");

}
/1 77 ANBRT R olo b RSN

// BRI O7ES Mg
backImagel = cvCloneImage (frameImagel);
backImage2 = cvCloneImage(frameImage?2) ;

/] TL—LADAL
while(fr_dif > 0){
fr_dif--;

}

while( 1 ){
g_time++;

// 1 K#io 7 L — A% backImg [ZfOA
backImagel = cvCloneImage(pre_Imagel) ;
backImage2 = cvCloneImage(pre_Image2) ;

/1 EERBAFHR RN -T2 b (BT ABKET) WAL LD

if( (frameImagel = cvQueryFrame( Capturel )) == NULL || (frameImage2 = cvQueryFrame( Capture2 )) == NULL ){
printf("End Files...\n");
break;

}

if ( captureOn != 0){

if ((currentImagel != NULL) && (currentImage2 !'= NULL)){
cvReleaseImage( &currentImagel );

cvReleaseImage( &currentImage2 );

¥
currentImagel = cvCloneImage( frameImagel );
currentImage2 = cvCloneImage( frameImage2 );

I1117777171171771171171171171171171171171171777
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// filter_flag != 0 ROWTNMND T 4 VX IMEREFT S,
I111177111777117771177711177111771117711711717

if (filter_flag!=0){

if (filter_flag==1){ // V&t

cvSmooth(currentImagel, currentImagel, CV_BLUR, thr, 0, 0, 0); // 7 (/L4 Q¥
cvSmooth(currentImage2, currentImage2, CV_BLUR, thr, 0, 0, 0); // 7 /L4 Q¥
Yelse if(filter_flag==2){ // #it7 L

blur_len(currentImagel, thr);

blur_len(currentImage2, thr);

Yelse if(filter_flag==3){ // #i7 L

blur_side(currentImagel, thr);

blur_side(currentImage2, thr);

Yelse if(filter_flag==4){ // f#t4E

resolution(currentImagel, thr);

resolution(currentImage2, thr);

}
}

/1 FEOFEIFEOY) Y Bz

if ( differenceMode == GRAY_DIFFERENCE ){

/1 Ay TR A D

GrayScaleDifference( currentImagel, backImagel, resultImagel, g_ImageSizel );
GrayScaleDifference( currentImage2, backImage2, resultImage2, g_ImageSize2 );

}

/] A RS

if ( noiseMode == NOISE_MORPHOLOGY ){

cvErode( resultImagel, resultImagel ); // N¥ZiE

cvDilate( resultImagel, resultImagel ); // Ui
cvErode( resultImage2, resultImage2 ); // l¥ik

cvDilate( resultImage2, resultImage2 ); // Ui
}

/1 FEOYRERAE RO TRBE A~ % 7 AL

cvSetZero( maskoutImagel );

cvCopy (currentImagel, maskoutImagel, resultImagel);
cvSetZero( maskoutImage2 );

cvCopy (currentImage2, maskoutImage2, resultImage2);

//RLEE

cvDilate( maskoutImagel, maskoutImagel , NULL, 5 );
cvDilate( maskoutImage2, maskoutImage2 , NULL, 5 );
/ /LA AL ER

cvErode ( maskoutImagel, maskoutImagel, NULL, 7 );
cvErode ( maskoutImage2, maskoutImage2, NULL, 7 );

if (g_time==120){
cvSaveImage("maskl.jpg", maskoutImagel);
cvSaveImage("curl.jpg", currentImagel);
cvSaveImage("resl.jpg", resultImagel);
cvSaveImage ("mask2. jpg" ,maskoutImage2) ;

I/

/7 2 L, EER, EOERDD

contourImagel = cvCloneImage( maskoutImagel );
momentImagel = cvCloneImage( maskoutImagel );
contourImage2 = cvCloneImage( maskoutImage2 );
momentImage2 = cvCloneImage( maskoutImage2 );

// framelmage # 2 E'— L TH#I TV, (BYHOELH)
paintImagel = cvCloneImage( frameImagel );
paintImage2 = cvCloneImage( frameImage2 );

paintImagel_mono = cvCloneImage( frameImagel );
paintImage2_mono = cvCloneImage( frameImage2 );

// WE & EL AT Lis b D% momentImage ~
if (mar_flag==0){ // Bfff& &AL ver
maskContour (1, paintImagel,
maskoutImagel,

contourImagel,

momentImagel,

500,

f_Moment1,

centerl,// HELJEIERA 4
g_ImageSizel,

pFirstObjectl,

maskContour (2, paintImage2,
maskoutImage2,
contourImage2,
momentImage?2,
500,
f_Moment2,
center2,// HLMEIERA VK
g_ImageSize2,
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pFirstObject2,
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/1 _AZXOEE (% T, if XOFICTH 1)

if (b_or_h_flag==0){

new_Verbalization2(f_Text); // &R IO EALER
Yelse if(b_or_h_flag==1){

if (mar_flag==1){

/] =T ORE Bk FHAT 7 A v, BEABT 7 A)
new_Verbalization_m(tra_fp, f_Text);

¥

Yelse{

printf("error in b_or_h_flag \n");

}

/1 EFDEDOTL

for(a=0; a<OBJECT_NUMBER; a++){

cvCircle(currentImagel, g_object[a].center_cl, 3, CV_RGB(0,0,255), 1, 8, 0);
cvCircle(currentImage2, g_object[a].center_c2, 3, CV_RGB(0,0,255), 1, 8, 0);
}

cvShowImage( WNCaptl, currentImagel ); // HIfEOBi{§
cvShowImage( WNConl, momentImagel ); // T¥ 75— D
cvShowImage ( WNCapt2, currentImage2 ); // BIfEOBmi{%
cvShowImage ( WNCon2, momentImage2 ); // 574 — /DM

/1 F—AIPHE

key = cvWaitKey( 1 );

if( key == ’q’ ){

/] @ FRHES NI B —T E KT D
break;

} else if( key == ’b’ ){

// b ¥ E T B Z ORERCOMIRZ SRR &35
if ( backImagel != NULL ){
cvReleaseImage( &backImagel );

}

if ( backImage2 !'= NULL ){
cvReleaseImage( &backImage2 );

}

backImagel = cvCloneImage( frameImagel );
backImage2 = cvCloneImage( frameImage2 );
printf ( "TFREZEH 0" ) ;

Yelse if( key ==’ ?

/] A= AR PRSI B EHEIRFG O ON/OFF 2 AH Y %
captureOn = 1 - captureOn;

if ( captureOn == CAPTURE_ON ){

printf( "ME{{HfF: ON\n" );

}else if( captureOn == CAPTURE_OFF ){
printf ( "EIGHR4G: OFF\n" );

}

}

/L BREIO 7 L— B ERFFL &<
pre_Imagel = cvCloneImage(currentImagel);
pre_Image2 = cvClonelImage (currentImage2);

/1 f#RL
cvReleaseImage ( &currentImagel );
cvReleaseImage( &currentImage2 );

}  // while(1) #bY

/] HEIAI ver 2ol b

if ((mar_flag == 0)&&(b_or_h_flag == 1)){
// BEBERZ 7 A VEPAC T,

fclose(d_fpl);

fclose(d_fp2);

/1 7 7 ANVOREHEA ver THI<

// new_set_HMM_state DTV 7 A LEBNZV ALY T 5,
/* if ( (d_fpl = fopen(fnamel,"r")) == NULL ){

printf ("EEREFFEA Y 7 AL 1 ZBHITEEA (after while)\n");
return -1;

}

if ( (d_fp2 = fopen(fname2,"r")) == NULL ){

printf ("HEEHTEA T 7 AL 2 ZBHIT £ A (after while)\n");
return -1;

}

*/

// ~a 7 L T 7 AN OEBE L T T T EE RS
new_set_HMM_state(f_Text);
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Yelse if ((mar_flag == 1)&&(b_or_h_flag == 1)){ // ik ver /Eo7zb,
fclose(tra_fp);
}

for(s_count=0; s_count<OBJECT_NUMBER; s_count++){

if (g_file_sensor[s_count].flag == 1){
fclose(g_file_sensor[s_count].fp_in); // & ¥/ — K77 A NVEHALS,
}

}

fclose(f_Text);
} // else #bY

fclose(f_Momentl) ;
fclose(f_Moment2) ;

FreeObject (pFirstObjectl);
FreeObject (pFirstObject2);

FreeBayes (pFirstBayes) ;

cvReleaseImage( &frameImagel );
cvReleaseImage( &frameImage2 );
cvReleaseImage( &backImagel );
cvReleaseImage( &backImage2 );
cvReleaseImage( &definelImagel );
cvReleaseImage( &defineImage2 );
cvReleaseImage( &currentImagel );
cvReleaseImage( &currentImage2 );
cvReleaseImage( &resultImagel );
cvReleaseImage( &resultImage2 );

cvReleaseImage( &defMaskRedImagel); //0503
cvReleaseImage( &defMaskRedImage2); //0503
cvReleaseImage( &maskoutImagel); //0503
cvReleaseImage( &maskoutImage2); //0503
cvReleaseImage( &contourImagel); //0503
cvReleaseImage( &contourImage2); //0503
cvReleaseImage( &momentImagel); //0503
cvReleaseImage( &momentImage2); //0503

cvReleaseImage( &paintImagel);
cvReleaseImage( &paintImage2);

cvReleaseImage( &paintImagel_mono);
cvReleaseImage( &paintImage2_mono);

cvDestroyWindow( WNCaptl );
cvDestroyWindow( WNCapt2 );
cvDestroyWindow( WNConl );
cvDestroyWindow( WNCon2 ) ;

cvDestroyWindow( WNmaskl );
cvDestroyWindow( WNmask2 ) ;

_CrtDumpMemoryLeaks(); //AEV U —7 %1

}else if (fun_flag == 0){
printf ("kxkkkkkkkakkkkkkkk output mouse point mode kkkkkkkkkkkkkkkkkxk\n") ;

// VA 1 B T v L, B E LTRIET D
frameImagel = cvQueryFrame( Capturel );
frameImage2 = cvQueryFrame( Capture2 );

// window EK
cvNamedWindow ( WNDefl, CV_WINDOW_AUTOSIZE );
cvNamedWindow ( WNDef2, CV_WINDOW_AUTOSIZE );

cvShowImage (WNDef1, frameImagel);
cvShowImage (WNDef2, frameImage2);

printf ("----- Window 1 ----- \n");
while(1){

cvSetMouseCallback( WNDef1, Mouse);
key = cvWaitKey(10);

if (key == ’s’){

break;

}

}

printf("----- Window 2 ----- \n");
while(1){

cvSetMouseCallback( WNDef2, Mouse);
key = cvWaitKey(10);

if (key == ’s’){

break;

}

¥
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cvDestroyWindow (WNDef1) ;
cvDestroyWindow (WNDef2) ;

fclose(fp_for_prog);

} //fun_flag 7% 0 ORFOLLHL

/] TTDRNC—H1ED D72, FFX—THKT)
printf("finish ?\n");

scanf_s("%d", &a);

return 0;

B.3 function definition
B.3.1 maskContour

II111177777777777171777777771777777777777771777777777777777177177777777177711777177111177117

// SREMH & ELEE (cvPoint2D32f center : HLARA L ¥)
JI111710717117177777171711717777717771777717771777171771717171717117171717171711117171717177

void maskContour (int w_flag, IplImage *paintImage, IplImage *maskoutImage, IplImage *contourImage, IplImage *momentImage, int area_line, FILE *fp,
CvPoint2D32f center, CvSize imageSize, Object *pFirst, FILE *d_fpl, FILE *d_fp2){

// 2 L f Iplimage
IplImage *binaryImage = cvCreateImage(imageSize,IPL_DEPTH_8U,1);
Iplimage *grayImage = cvCreatelImage(imageSize,IPL_DEPTH_8U,1); // F R ? 2 fE{LH

/T Vv—RAr—k
cvCvtColor( maskoutImage, binaryImage, CV_BGR2GRAY);

1/ 7 v—2k— k- 2 fiifk
cvThreshold( binaryImage, binaryImage, 10, 255, CV_THRESH_BINARY);

// SREH O A€ ) 2R T S
CvMemStorage* storage = cvCreateMemStorage( 0 ); // flitH SN 7-#mifZ(RFT 28 (0 724, HENNICAEY 2%V ¥ TH)
CvSeq* find_contour = NULL; // $@Ef~DHRA 4

// 2 EERTOWDERLST, £OKERT

int find_contour_num = cvFindContours(
binaryImage,// AR (8 &y hy v 7T ¥ v 2)L)
storage,// fhH S-S A PR AT 5 AEIK
&find_contour,// —FHEIMUDERE~DRA L F ~DHRA 4
sizeof ( CvContour ),// ¥~V ANy Z DY A X
CV_RETR_CCOMP,// filithE— F

CV_CHAIN_APPROX_NONE,// #E7E Tk

cvPoint( 0, 0 ) // A 7%&v |k

)5

/1 DR OEE AR A THIE 5
CvScalar red = CV_RGB( 255, 0, 0 );

/7 FTRTOBERORmIHIEE (F27)
cvDrawContours (

contourImage,// M%hz i< 2 mifg
find_contour,// IO~ DRA 2 #
red,// SMUEREHRO G

red,// PURIEREL#H () O

2,// Hi S D EO R KR L~
1,// HEEiESNDERIHRO K S

8,// MOMH

cvPoint( 0, 0 ) // A7Ev b

)5

/7 EEHRMEE Sh7s contourImage %
// BELOHEE T D729 momentImage (22—
cvCopy (contourImage ,momentImage,NULL) ;

/7 s R O T FLOE R
double area; // Iififfl

double check; // ERAONLIE

CvRect rect; // HEBHIROHIE

int measure_dist; // H oL bITVGESE TOMHEE
int i,j; // x,y HROEE
int sum_x, sum_y, sum_b; // b & bITVEREDE TR

CvPoint2D32f pt; // EENA ¥

/] BSOS LUHER
int k=0;
int 1=0;
int m=0;
double check_int;
CvScalar s_color;

s_color.val[0] = 0;
s_color.val[1l] = 0;
s_color.val[2] = 0;
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int th=0; // BV S5 LOFiH

char sFileNamel[64];
char sFileName2[64];

/1 N &R o BEEER E 3%
double line_len[2] [0BJECT_NUMBER]; // ADHE.L»& EFMIKD E.L 0 HHEE

int n_i;

// e

for(n_i=0; n_i<OBJECT_NUMBER; n_i++){
line_len[0][n_i] = 0.0;
line_len[1][n_i] = 0.0;

}

//

/7 ELFHE

//

while(find_contour !=NULL){

// H@E#R (find_contour) THHENZMIKDERE
area = fabs(cvContourArea(find_contour,CV_WHOLE_SEQ));

//  find_contour T F7=HF O
rect = cvBoundingRect(find_contour,0);

/7 HREELLE (513 area_line) ICOWTILERYD S
if (area>area_line){

/7 EERONEUE

sum_x =0; // xJEIE

sum_y =0; // v JEIE

sum_b =0; // JEME (ELIHHONRERD)
measure_dist =0; // b & bITWRIHRE ToRERE

/] ERNOER

17 (y B ok
for(j=rect.y;j<rect.y+rect.height+1;j++){
pt.y = (float)j;

/7 B (x i) (AR
for(i=rect.x;i<rect.x+rect.width+1;i++){
pt.x = (float)i;

// ETS pt BERENICH D +1
// W kicdhs o
// wmsMch s -1

check = cvPointPolygonTest (find_contour,pt,measure_dist);

J11111111111111117111111171717

//fprintf (fp_for_prog, "g_time : %d, check : %1f\n\n", g_time, check);
// cvSet2D(frameImage, x, y, (0,0,0));

// B2 C—[El—[A] find_contour A3#iL TV o THLEL 22
11111771171111171111111171177

/] EREOSMTHT & &
if (check<0){

sum_x += i;

sum_y += j;

sum_b += 1;

}

}

}

/] BENOELAE G
center.x = (float)sum_x/(float)sum_b;
center.y = (float)sum_y/(float)sum_b;

/7 RO TR A g L
cvCircle(momentImage,cvPoint ((int)center.x, (int)center.y),3,CV_RGB(0,0,255),1,8,0);

/] 77 ACELT =R EEEAL
// (10 7 L— LM 1 [E)
fprintf (fp,"%d,%d,%d\n",g_time, (int)center.x, (int)center.y);

// <=3 T D
if (b_or_h_flag == 1){

/] KDDL EZEO L ORHE 1!

for(n_i=0; n_i<OBJECT_NUMBER; n_i++){

if (w_flag==1){

line_len[0] [n_i] = sqrt(double((center.x - g_object[n_il.center_cl.x)*(center.x - g_object[n_i].center_cl.x)) +
double((center.y - g_object[n_il.center_cl.y)*(center.y - g_object[n_il.center_ci.y)));

Yelse if (w_flag==2){

line_len[1][n_i] = sqrt(double((center.x - g_object[n_il.center_c2.x)*(center.x - g_object[n_il.center_c2.x)) +
double((center.y - g_object[n_i].center_c2.y)*(center.y - g_object[n_il.center_c2.y)));

}

}

/] 77 AMIEERAD (AT 1)
for(n_i=0; n_i<OBJECT_NUMBER; n_i++){
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if (w_flag==1){

/7 WRIEBGE (i)

if (line_len[0] [n_i]1<=50){

// g_time, ob_number, distance, state

fprintf(d_fpl, "%3d,%2d,%.2f,1\n", g_time, n_i, line_len[0][n_il);
//printf ("%d,%d,%.2f,1\n", g_time, n_i, line_len[0][n_il);

Yelse if(line_len[0] [n_i]<=150){

fprintf(d_fpl, "%3d,%2d,%.2f,2\n", g_time, n_i, line_len[0][n_il);
//printf("%d,%d,%.2f,2\n", g_time, n_i, line_len[0][n_il);

Yelse{

fprintf(d_fpl, "%3d,%2d,%.2f,3\n", g_time, n_i, line_len[0][n_il);
//printf ("%d,%d,%.2f,3\n", g_time, n_i, line_len[0][n_il);

}

}

-
&3

if (w_flag==2){

/7 RIEBGE (iRmE)

if (line_len[1] [n_i]<=50){

// g_time, ob_number, distance, state

fprintf(d_fp2, "%3d,%2d,%.2f,1\n", g_time, n_i, line_len[1][n_il);
Yelse if(line_len[1] [n_i]<=150){

fprintf(d_fp2, "%3d,%2d,%.2f,2\n", g_time, n_i, line_len[1][n_il);
Yelse{

fprintf(d_fp2, "%3d,%2d,%.2f,3\n", g_time, n_i, line_len[1][n_il);
}

}

}

} //if(b_or_h_flag == 1) &b Y

} // if(area > area_lime) #£& Y

//for(n_i=0; n_i<OBJECT_NUMBER; n_i++){
//fprintf(fp_for_prog,"\n\ng_time : %d\n", g_time);
//fprintf (fp_for_prog, "ob_number : %d, line_len_1 : %f, line_len_2 : %f\n",n_i, line_len[0][n_il, line_len[1][n_il);

/7 EFRPUCE L E TS 0HER
matching(pFirst,imageSize,center);

/1RO~

find_contour = find_contour->h_next;

/1. ZanE (T=RAJE)

// 8%k (src, dst, WEFOMMS ChEWIELE), WMIHOLZE (hSWIFE), REOHKOMAS (hEWEE), FEaNfEkoRkEs (kEwigy), /(X
Bz LL)

cv_CartoonFilter(paintImage, paintImage, 11, 5.0, 5, 30.0, 5);

/7 2. —fife_1:

/* cvCvtColor(paintImage, grayImage, CV_BGR2GRAY);

cvThreshold (grayImage, graylmage, 65, 255, CV_THRESH_BINARY);

paintImage = cvClonelImage(grayImage);

*/

// 3. 2fEft (KEOFE)

/*cvCvtColor (paintImage, grayImage, CV_BGR2GRAY);

cvSmooth (grayImage, grayImage, CV_GAUSSIAN, 5);

cvThreshold (grayImage, graylmage, O, 255, CV_THRESH_BINARY | CV_THRESH_OTSU);
paintImage = cvClonelImage(grayImage);

*/

/7 3. —fifb_2: @D

/* cvCvtColor(paintImage, grayImage, CV_BGR2GRAY);

cvAdaptiveThreshold (grayImage, grayImage, 255, CV_ADAPTIVE_THRESH_MEAN_C, CV_THRESH_BINARY, 11, 10);
paintImage = cvClonelmage(grayImage);

*/

if (w_flag==1){

cvShowImage ("Paintedl", paintImage);

sprintf(sFileNamel, "../../images/AR_privacy/p_iml_%d.bmp", g_time);
cvSaveImage (sFileNamel, paintImage);

//cvSaveImage("p_iml.jpg", paintImage);

Yelse if (w_flag==2){

cvShowImage ("Painted2", paintImage);

sprintf (sFileName2, "../../images/AR_privacy/p_im2_%d.bmp", g_time);
cvSaveImage (sFileName2, paintImage);

//cvSaveImage ("p_im2.jpg", paintImage);

}

cvReleaseImage( &binaryImage );

B.3.2 Mousel, Mouse2, Mouse

JI111710717717777777771711777777777771777717771777171771717171717117171717171711117171717177
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/1 VAL DERRE (7 ) v 7 T LT PERME & )

/1 AT 2 B
IIII1I10771077777777777777777777777777777771177777777777777177177777777177777177177177177117
void Mousel( int event, int x, int y, int flags ,void *param = NULL ){

switch(event){

case CV_EVENT_LBUTTONDOWN:

if( g_PointCnt == 0 ){ // 1 HHZZ VY7’
g_Pos[ g_PointCnt ].x

g_Pos[ g_PointCnt ].y
g_PointCnt++;

X3

ys

printf("[%d] : %d\t’%d\n", g_PointCnt, x, y);

Yelse if( g_PointCnt < 4 ){ // 2~4xA%2 ) v7
g_Pos[ g_PointCnt ].x = x;

g_Pos[ g_PointCnt 1.y = y;
/] BB UIR L EHANRE LA 2R TS

cvLine( defineImagel, g_Pos[g_PointCnt-1], g_Pos[g_PointCnt], CV_RGB(0, 0, 255), 2, CV_AA , 0 );
if ( g_PointCnt == 3 ){

cvLine( defineImagel, g_Pos[ g_PointCnt ], g_Pos[0], CV_RGB(0O, 0, 255), 2, CV_AA, 0 );

}

g_PointCnt++;

printf (" [%d] : %d\t%d\n", g_PointCnt, x, y);

}

cvShowImage ("Definel",defineImagel) ;
break;

default:
break;

} // switch &by
¥
I1111711777717177171177771777777717771777777771777777771711171717177171117171717117111117177

void Mouse2( int event, int x, int y, int flags ,void *param = NULL ){
switch(event){

case CV_EVENT_LBUTTONDOWN:

if( g_PointCnt == 0 ){ // 1 HEBE%Z7 Vv’
g_Pos[ g_PointCnt ].x

g_Pos[ g_PointCnt ].y
g_PointCnt++;

X3
ys

printf("[%d] : %d\t%d\n", g_PointCnt, x, g_ImageSizel.height - y);

Yelse if( g_PointCnt < 4 ){ // 2~4 Q%2 ) v7
g_Pos[ g_PointCnt ].x = x;

g_Pos[ g_PointCnt 1.y = y;
/] BB LR L EHANRE LA 2R TS

cvLine( defineImage2, g_Pos[g_PointCnt-1], g_Pos[g_PointCnt], CV_RGB(0, 0, 255), 2, CV_AA , 0 );
if ( g_PointCnt == 3 ){

cvLine( defineImage2, g_Pos[ g_PointCnt ], g_Pos[0], CV_RGB(0O, 0, 255), 2, CV_AA, 0 );

}

g_PointCnt++;

printf("[%d] : %d\t%d\n", g_PointCnt, x, g_ImageSizel.height - y);

cvShowImage ("Define2",defineImage?2) ;
break;

default:
break;

}

¥
I11117777777777777717777177771777777777777777777777777777777177771777777777717777177177771777
/] RUACEDEHRE (7 ) v 7 T LRI & )

/] HATANN 2 By

// #ViELH
I11177771777777777777777717777177771777777777777777177771777717777777777177771777717117771777
void Mouse( int event, int x, int y, int flags ,void *param = NULL){

switch(event){

case CV_EVENT_LBUTTONDOWN:

printf (" (%d,%d) \n",x,y);

break;

default:
break;

}

B.3.3 GrayScaleDifference

JI111710717717777777171711777777717171777717771777177771777171717117171717171711117111717177
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/1 FEST Ak
III1ITI077077777777777777777777777777177771777771771777177177177777177177777177177177177717

void GrayScaleDifference( IplImage *currentImage, IplImage *backgroundImage, IplImage *resultImage, CvSize imageSize ){

// FE5yif% T Iplimage
IplImage *differenceImage = cvCreateImage( imageSize, IPL_DEPTH_8U, 3 );

/1 BAEOVT S L OFEOMGHEZ RSy T & IS
cvAbsDiff ( currentImage, backgroundImage, differencelmage );

/] BUEDTE 5 & DO Z iy & L ICHD
cvCvtColor( differencelmage,resultImage,CV_BGR2GRAY );

/] T =R =ik 2 IR S
cvThreshold( resultImage, resultImage, THRESHOLD, THRESHOLD_MAX_VALUE, CV_THRESH_BINARY );

//  RGB HHEEOM

/1 HENEER

for(int y = 0; y < currentImage->height; y++){

for (int x =0; x < currentImage->width; x++){

// 2 fE{LEiE (resultImage) 75 iS4 Hufs

/R GESRL) 1T 0

/1 A GESBY) IE 285 OfEEEE

const unsigned char gray = Elemtypetraits(resultImage, x,y,3);

if(gray !'= 0){ // ZEHRVRHoTZHE

/7 B0 RGB T O M A Hif

const unsigned char fb = Elemtypetraits(currentImage, x,y,0);
const unsigned char fg = Elemtypetraits(currentImage, x,y,1);
const unsigned char fr = Elemtypetraits(currentImage, x,y,2);

// RWRO RCB TAVEN OB & B

const unsigned char gb = Elemtypetraits(backgroundImage, x,y,0);
const unsigned char gg = Elemtypetraits(backgroundImage, x,y,1);
const unsigned char gr = Elemtypetraits(backgroundImage, x,y,2);

//  RGB TNZNDEs &R D (HExHE)
const unsigned char b = abs(fb - gb);
const unsigned char g = abs(fg - gg);
const unsigned char r = abs(fr - gr);

/! ATEOEEZ BN TESPBELL T Thd L &

/] FESEIRNE R LT, 2 L% (resultImage) DEFHEEE 0(R) ICEXHZ D
if (b<SPHERE && g<SPHERE && r<SPHERE){

(resultImage -> imageData + resultImage -> widthStep * y )[x] = 0;

}

}
}
}

/] AEY EfhT S
cvReleaseImage( &differencelmage );

}

B.3.4 OutPutObject

II11177717777777777717777717717777777777777777777777771777777177177777177177777777177117177117
/] EFEWEOY 2 RS

JI111711777717777777171771777777777771777777771717177771777177717117171717171717117171717177
void OutPutObject(Object *pFirst){

Object *pMove;

if ((pMove = pFirst) == NULL){

printf ("EFZEINTVEEA\D) ;

Yelse{

while( pMove != NULL ){

printf( "[%d] : %s\n", pMove->ObNumber, pMove->ObName );
pMove = pMove->pNext;

}

}

}

B.3.5 Elemtypetraits

III11771771777771777777777771717777777717777777717777777771771777771771777771777177111177117

// EFREEGED
// Bl%%k: img  : xIEREIE

// X,y APRJERE
// ch R B (2 filfk, R, G, B)

II111777777777777777777777777777777777777777777777777777777177177777177177777177117117177117
int Elemtypetraits(IplImage *img, int x, int y, int ch){

/7 WFHOER

unsigned char elem;

// ch=0~2  RGB DHiF#(E
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//  ch=3 2 fEAL OB
/] ENTNOEEOEFREERD D

if(ch != 3){

elem = (img -> imageData + img -> widthStep * y ) [x*3 + chl;
}

else{

//elem = (img -> imageData + img -> widthStep * y ) [x];
elem = (img->imageData + img->widthStep * y)[x];

}
/7 R TWHAE &5

return elem;

}

B.3.6 FreeObject, FreeBayes

L1777777777711771777777777777777777777777117777777777777777777777177171717777777777777777777
// fEdR object & bayse #fiEhd 5Bk

II111777777777777777777777771771777777777777777777177777777177177777777177711177117117177177
void FreeObject (Object *pNode){

if (pNode !=NULL){

FreeObject (pNode->pNext) ;
cvReleaseImage (¢pNode->ObImage) ;
free(pNode) ;

¥

¥

void FreeBayes(TempBayes *pNode)
{

if (pNode ! =NULL) {

FreeBayes (pNode->pNext) ;
free(pNode) ;

}

B.3.7 SetObjectFromkFile

JILI1I1071077777777777777777777777777777777777777177777777177177777177177777177177177177717

[ ITEEROBIRATER LT, MIRERT 7 A A H-ATTOHH L T, M
/1ZD7 7 A MEFR SN TO D WEOEE IR

I1117777777777777777777717777777777777777777777777777777777777177771777117777171777117777177
int SetObjectFromFile(char *FileName,int flag ){

/1R F%

char str[512];

FILE *fp;

char cTemp[32];

int num = 0;

Object *pNode;
Object *Ret = NULL;

/1 77 ANERL
if( (fp = fopen( FileName, "r" )) == NULL ){
printf ("ERMET 7 A VBFEL EE AR ;

return num;

Yelse{
while((fgets(str, sizeof(str), fp)) != NULL ){

/ /RS R A 5y
if (( pNode = (Object*)malloc(sizeof (Object)) ) != NULL){ // object D X E U HEfk
memset (pNode, 0, sizeof (Object));

if( sscanf( str, "%[~,]1,%[",1,%[",1", &cTemp, pNode->ObName, pNode->ObPic ) == 3 ){

/ /RIS RAME & 3% E

pNode->0ObNumber = atoi(cTemp);

GetMaskFileName( pNode->0bPic, num+l, flag );//{ii7> LoadImage T3 HJS HiL5H D T—Refxiil

//csv TREIRAIIZEBATE & 70 NG. .. LFa— FEMn?
pNode->0ObImage = cvLoadImage(pNode->0ObPic, CV_LOAD_IMAGE_ANYDEPTH | CV_LOAD_IMAGE_GRAYSCALE);

pNode->0Bcounter 1;

pNode->0BDefTime 0;
pNode->pNext = NULL;
pNode->pPrev = NULL;

num++;

if (flag==1){

if (IpFirstObject1){ // 1 AR OMIKDERTZ 725
pFirstObjectl = pNode;

Yelse{ // L HADOMEDELZL 2 RM o725,
pNode->pPrev = pLastObjectl;
pLastObject1->pNext = pNode;
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¥
pLastObjectl = pNode;

Yelse if(flag==2){

if (IpFirstObject2){
pFirstObject2 = pNode;
Yelse{

pNode->pPrev = pLastObject2;
pLastObject2->pNext = pNode;

pLastObject2 = pNode;

}

} // if(fscan) &bV

Yelse{

printf("malloc at PutDefinedObject Error...\n");

} // while #bY
fclose(fp);
¥

return num;

}

B.3.8 MakeObjectNode_auto

III1IT1077077777777777777777171777777177771777771177777777177177777177177777177177177177717
/] =D A TR EERT DB

JII1171707710777777777777771777777777717717771777771777777771771777771771777771777177777177117
void MakeObjectNode_auto( char *WNDefl, char #WNDef2, char *RedPicl, char *RedPic2 ){

s <4
char str[32];
int key;
int flag = 0;

int n_counter;

for (n_counter=0; n_counter<OBJECT_NUMBER; n_counter++){

// if(key == ’s’){
/1= AT K B E
1/ Bl 1 OLFR

/1 FREMRNERY S5T

g_Pos[0].x = g_pos_newl[n_counter] [0].x;
g_Pos[0].y = g_pos_newl[n_counter] [0].y;
g_Pos[1].x = g_pos_newl[n_counter] [1].x;
g_Pos[1].y = g_pos_newl[n_counter] [1].y;
g_Pos[2].x = g_pos_newl[n_counter] [2].x;
g_Pos[2].y = g_pos_newl[n_counter] [2].y;
g_Pos[3].x = g_pos_newl[n_counter] [3].x;
g_Pos[3].y = g_pos_newl[n_counter] [3].y;

/] EFEWROELEEE Object BUIANTIRL

// g_bject KD CvPoint IZfAA

new_get_center(n_counter, 1);

printf("%d : %d, %d\n\n", n_counter, g_object[n_counter].center_cl.x, g_object[n_counter].center_cl.y);

cvFillConvexPoly( defMaskRedImagel, g_Pos, 4, CV_RGB(255,0,0), 8, 0 ); /////////71//1111111111/
cvAddWeighted ( backImagel, 0.7, defMaskRedImagel, 0.3, O, defineImagel); //////////////////////!
cvShowImage( WNDefl, defineImagel );

iObnuml++;

flag = 1; 11111171111711177711777!
MakeNode (ob_NAME [n_counter], iObnumil, flag);

GetObjectMaskImage( defMaskRedImagel, pLastObjectl->ObImage, RedPicl, pLastObject1->0bPic, g_ImageSizel, 0, pLastObjectl->ObNumber);

// B 2 DM
// FEEENERY S5T

g_Pos[0].x = g_pos_new2[n_counter] [0] .x;
g_Pos[0].y = g_pos_new2[n_counter] [0].y;
g_Pos[1].x = g_pos_new2[n_counter] [1].x;
g_Pos[1].y = g_pos_new2[n_counter] [1].y;
g_Pos[2].x = g_pos_new2[n_counter] [2].x;
g_Pos[2].y = g_pos_new2[n_counter] [2].y;
g_Pos[3].x = g_pos_new2[n_counter] [3].x;

g_Pos[3].y = g_pos_new2[n_counter] [3].y;

/! EFEMKROELELE Object BUZANTEHL
new_get_center(n_counter, 2);
printf("%d : %d, %d\n\n", n_counter, g_object[n_counter].center_c2.x, g_object[n_counter].center_c2.y);

cvFillConvexPoly( defMaskRedImage2, g_Pos, 4, CV_RGB(255,0,0), 8, 0 );
cvAddWeighted( backImage2, 0.7, defMaskRedImage2, 0.3, 0, defineImage2);
cvShowImage( WNDef2, defineImage2 );

iObnum2++;

flag = 2;

MakeNode (ob_NAME [n_counter], iObnum2, flag);
GetObjectMaskImage ( defMaskRedImage2, pLastObject2->ObImage, RedPic2, pLastObject2->0bPic, g_ImageSize2, 1, pLastObject2->0bNumber);
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//cvSaveImage ( RedPic2, defMaskRedImage2 );
¥
¥

B.3.9 new_get _center
I11117771777777777777777177777177777777777777777771777777777777777171777777771777717177771177

/1 EFEWEOTL

I11177771777777777777777717777177771777777777777777777771777717777171777777771777717117771777
void new_get_center(int n_i, int c_flag){

CvMemStorage *storage = cvCreateMemStorage(0);

CvSeq #*seq = cvCreateSeq( CV_SEQ_POLYGON, sizeof( CvSeq), sizeof( CvPoint), storage);

CvPoint2D32f pc;
CvMoments moment;

int i;

// 4 Bk

for(i=0; i<4; i++){
cvSeqPush( seq, &g_Pos[il);
}

cvMoments ( seq, &moment);
pc = cvPoint2D32f ( moment.m10/moment.m00, moment.m01/moment.m00) ;

/1l EobLDOH AT

if(c_flag == 1){

g_object[n_il.center_cl.x = pc.x;

g_object[n_il.center_cl.y = pc.y;

//printf("%d : %d, %d\n\n", n_i, g_object[n_il.center_cl.x, g_object[n_il.center_c1.x);
Yelse if(c_flag == 2){

g_object[n_il.center_c2.x = pc.x;

g_object[n_il.center_c2.y = pc.y;

//printf("%d : %d, %d\n\n", n_i, g_object[n_i].center_c2.x, g_object[n_i].center_c2.x);

return;

}

B.3.10 MakeNode

JI111711777717777777171711717777717171777717771777771771777177717117171717171711117111717177
/1 AR
JI111710777717777777171711717777717171777717771777171771777171717177171717171711117111717177

void MakeNode( char *ObName, int iObnum, int flag ){
Object *pNode;

/1RGSR ANy
if (( pNode = (Object*)malloc(sizeof(Object)) ) != NULL){

/ISR 2 3 E

strcpy (pNode->0bName, ObName) ;

pNode->0bNumber = iObnum;

GetMaskFileName ( pNode->0bPic, iObnum, flag );

pNode->0ObImage = cvLoadImage( pNode->ObPic, CV_LOAD_IMAGE_ANYDEPTH | CV_LOAD_IMAGE_GRAYSCALE);

pNode->0Bcounter 1;

pNode->0BDefTime 0;
pNode->pNext = NULL;
pNode->pPrev = NULL;

if(flag == 1){

if (!pFirstObject1){
pFirstObjectl = pNode;
Yelse{

pNode->pPrev = pLastObjectl;
plLastObjectl->pNext = pNode;
}

pLastObjectl = pNode;

Yelse if(flag == 2){

if (!pFirstObject2){
pFirstObject2 = pNode;
Yelse{

pNode->pPrev = pLastObject2;
pLastObject2->pNext = pNode;
}

pLastObject2 = pNode;

¥

Yelse{

printf("malloc at PutDefinedObject Error...\n");
¥

}
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B.3.11 PutFromListToFile

L1717777777771771777777777777777777777777777777777777777777777777777177777777777777771777177
1/ EFWED ) A MEEND 7 7 A MTESHT
L1777777777711711777777777777777777777777117777777777777777777777177171717777777777777771777
void PutFromListToFile( char #FileName, Object *pFirst ){

FILE *fp;
Object *pMove;

if( (fp = fopen( FileName, "w" )) == NULL ){
printf ("EEMIKT 7 A VHBIFEL EHEA\R");

Yelse{
pMove = pFirst;

while(pMove != NULL){

fprintf( fp, "%d,%s,%s\n", pMove->ObNumber, pMove->ObName, pMove->ObPic );
pMove = pMove->pNext;

}

fclose(fp);

FreeObject( pMove ); //0501
}

B.3.12 matching

I1111777777777771771777771777777777777777777777777177777777177177777777177771177117177177177
/] EFERICELBEENLTND )
I111177777771777777777771777771777777777777777777777777777777177771777717777711777177177171777
void matching(Object *pFirst, CvSize imageSize,CvPoint2D32f center){

/1 ENEROEFYON T v 5 — DR
Object *pMove;

/7 ESEERE GERND IZHD L E (7T AREOAHE D)
pMove = pFirst;

while(pMove != NULL){
/7 ELEREO 2 fELmEEE S
int maskno = 0;

maskno = Elemtypetraits(pMove->ObImage, (int)center.x, (int)center.y, 3);

if (maskno > 50 ){

// HilEl counter ZHIL L7z & X L ORI O X 258

if (pMove->0Bcounter == 1 || (g_time - pMove->0BDefTime)< 10){

/7 BB A A R ORI A D

pMove->0BDefTime = g_time; //deftime &\ 7 L VIX, UL EBFHET HNLORE->TZ &,
}

else{

// BAERHIE counter ML

pMove->0Bcounter = 0;
}

/] H B R
pMove->0Bcounter++;

}

pMove = plMove->pNext;
}

}

B.3.13 GetMaskFileName

I11177777777777777777777777777777777777777777777777771777177177777777177177171177177177177177
/1] EFWEO< A7 WO T 7 A N4 E TG L cInageName (24N
I11117777777777777717777717777177777777777777777777777777777777777177777717771777717177771177
void GetMaskFileName( char *cImageName, int iObnum, int flag ){

char str[32]
char cNum[8]

"defmaskbin";

"5 /) 8HTE TERMKEBR DR

sprintf_s( cNum, "%d", iObnum );
switch( flag ){

case 1:

strcat_s( str, "1_" );

break;

case 2:

strcat_s( str, "2_" );

break;

default:

printf ("GetMaskFileName Error...\n");
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break;

}

strcat_s( str, cNum );
strcat_s( str, ".jpg" );

strcpy (cImageName,str) ;

}

B.3.14 GetObjectMaskImage

I111177717777777777777777177771777777777777777717777777777777177771777777177717777177177771177

/] HEE SN ERMIEOEG AR L RAE, T S,
I111777717777777777777777177771777717777777777717777777777777777771717777777717777177117771177

void GetObjectMaskImage( IplImage *defMaskRedImage, IplImage *ObImage, char *cRed, char *str, CvSize g_ImageSize, int m_n, int ob_n){

IplImage *maskImage;
IplImage *savelmage;

saveImage
maskImage

cvCreateImage( g_ImageSize, IPL_DEPTH_8U, 1
cvCreateImage( g_ImageSize, IPL_DEPTH_8U, 3

);
);

cvSetZero( maskImage );

if(m_n == 0){

g_Pos[0].x = g_pos_newl[ob_n-1][0].x;
g_Pos[0].y = g_pos_newl[ob_n-1][0].y;
g_Pos[1].x = g_pos_newl[ob_n-1]1[1].x;
g_Pos[1].y = g_pos_newl[ob_n-1][1].y;
g_Pos[2].x = g_pos_newl[ob_n-1][2].x;
g_Pos[2].y = g_pos_newl[ob_n-1][2].y;
g_Pos[3].x = g_pos_newl[ob_n-1][3].x;
g_Pos[3].y = g_pos_newl[ob_n-1][3].y;

cvFillConvexPoly( maskImage, g_Pos, 4, CV_RGB(255,0,0), 8, 0 );
cvFillConvexPoly( defMaskRedImage, g_Pos, 4, CV_RGB(255,0,0), 8, 0 ); //{&{7F® Iplimage \Z4[EIER SNI-MAHERZ R THERY D594,
Yelse if(m_n == 1){

g_Pos[0].x = g_pos_new2[ob_n-1][0] .x;
g_Pos[0].y = g_pos_new2[ob_n-1]1[0].y;
g_Pos[1].x = g_pos_new2[ob_n-1][1].x;
g_Pos[1].y = g_pos_new2[ob_n-1]1[1].y;
g_Pos[2].x = g_pos_new2[ob_n-1][2].x;
g_Pos[2].y = g_pos_new2[ob_n-1][2].y;
g_Pos[3].x = g_pos_new2[ob_n-1][3].x;
g_Pos[3].y = g_pos_new2[ob_n-1][3].y;

cvFillConvexPoly( maskImage, g_Pos, 4, CV_RGB(255,0,0), 8, 0 );
cvFillConvexPoly( defMaskRedImage, g_Pos, 4, CV_RGB(255,0,0), 8, 0 );
Yelse{

printf("error in GetObjectMaskImage\n");

//---——= Z OWf T maskImage [IROMIEE BROWGROEBIZR> TS,

/! T Vv—Ar—it

cvCvtColor( maskImage ,saveImage, CV_BGR2GRAY );

/l T v—R == 2 flifk

cvThreshold( saveIlmage, savelmage, 10, 255, CV_THRESH_BINARY);

/] BEHRALEL (B OPEH)

cvDilate( savelmage, savelmage, cvCreateStructuringElementEx(3,3,1,1,CV_SHAPE_ELLIPSE,NULL), 7);

cvSavelmage( str, savelmage );
cvSaveImage( cRed, defMaskRedImage );
ObImage = cvCloneImage(saveImage) ;

cvReleaseImage( &saveImage );
cvReleaseImage( &maskImage );
}

B.3.15 new_Verbalization2, new_Verbalization_m

I1111777177777777777177771177771777777777777777777777777777777777771771777777771777717177171177
/1 7 rAME, HERALM, BrH 1 B2

/1 A R,
I1111777177777771777177771777717777177777777777777777777777771777717717777777717777177177771777
void new_Verbalization2(FILE *fp){

Object *pMovel,*pMove2;

TempBayes *pTemp;

pMovel = pFirstObjectl;

int s_bit[0BJECT_NUMBER]; // ¥ Dt v b

int r3_node [0BJECT_NUMBER] ; /1 IROAEHTZ T R,

int e_n;

int i; // WU A
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// Fe

for(s_count=0; s_count<OBJECT_NUMBER; s_count++){
s_bit[s_count] = 0;

r3_node[s_count] = 0;

}

/] —=OTOOYEIZK LT, £ ¥nd ) — Fae—{TFoRAiAte.
11117777777777177771777771777777777177777777777177717777177777777777177711771171777771777
1111111111111171117 oD — RaE 1111117711177711771111711177711777
JII111117177177717771717717177717177777717171717171717717171717171171717171717111171717
/1l BV OTZIRENP—OTHLOMU IR H, 17T AT 5,

/1 (x. vy, 2ZLET7TTRRINTHLTE BHRIMIZ®RTE X D)

/B YOTZ7OEFM (B HO) BEEBAL, — FERT.

/7 L OB 2L NS Y X 2T 5,
I1117771777777777771777777777177771777777777777777777177777777171777171177771171117777
/] B )= ROB TR Y OEEOBEABA TS (F7E0T) Lok T—2710

int time_pre, time_aft, s_flag;

float dif_x, dif_y, dif_z;

int flag_time;

I111177777777777777177777117771777717777777777717717777717777777771717771177717777771777
1111111111111111117 AL LORIIETH T —2 2 Ah & < E4 1111111117
I117777777777777777177777177771777717777777777717777777717777177771717771177117777771777
/1 BT EANE ES (2T 0 LIGE)

int thrown[10];

/1 WEEO=a~<gE L (EE) ////1111171111711117111771711117111171111711111171111111111111
if (DROP_NUMBER==10) {
thrown[0] = -1;

en =1;
}else if (DROP_NUMBER == 9){
thrown[0] = 0;

en =1;

}else if (DROP_NUMBER == 8){
thrown[0] = 0;

thrown[1] = 1;

e_n = 2;

}else if (DROP_NUMBER == 7){
thrown [0] 0;

thrown[1] 1;

thrown [2] 2;

e_n = 3;
}else if (DROP_NUMBER == 6){
thrown[0] =
thrown[1]
thrown[2]
thrown[3]

H
H
H

0
1
2
3

e_n = 4;
}else if (DROP_NUMBER
thrown [0] 0;

thrown[1]
thrown [2]
thrown[3]
thrown[4]

5){

H
H

[ ]
W N e

e_n = 5;
}else if (DROP_NUMBER == 4){
thrown [0] 0;

thrown[1] ;
thrown[2]
thrown[3]
thrown [4]
thrown[5]

H
H

1
2
3
4
5

e_n = 6;
}else if (DROP_NUMBER
thrown[0] = 0;

thrown[1] ;
thrown [2]
thrown [3]
thrown[4]
thrown[5]
thrown[6]

]
i
w
=
~

-

H

@D o1 W N

en=7;
}else if (DROP_NUMBER == 2){
thrown [0]
thrown[1]
thrown[2]
thrown[3]
thrown [4]
thrown[5]
thrown[6]
thrown[7]

|
o

N oA WN

e_n = 8;
}else if (DROP_NUMBER == 1){
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thrown[0]
thrown[1]
thrown[2]
thrown[3]
thrown[4]
thrown[5]
thrown[6]
thrown[7]
thrown[8]

W N ONWN RO

en = 9;
Yelse{
printf("error in new_verbalization2 (thrown)\n");

}
JI11171771771717171717177177717771717717771717171111717171717111111717

IITITTI071077777077107777777717777777717777717777177717177177117117117117117117117771777
1117117117111117117 —AFTOEAATL 1111111117
111111711711111117 SA~—, U rs HIRERALEL 1111111177
IIIIITI07707777777710777777777777777777777777777711711711711711711711711777711711771777

// g_time % DROP_NUMBER THl|-724 Y 7%, thrown FAIOHIZRFIFLL T £%1TT % !
if (check_n((g_time % 10), thrown, e_n) == 0){

for(s_count=0; s_count<OBJECT_NUMBER; s_count++){ // ¥KD¥7=1F
if ((g_flagls_count] == 1) && (g_file_sensor[s_count].flag == 1)){

/] AT AT
fscanf_s(g_file_sensor[s_count].fp_in,
"%3d  %4d-%4d  hf, %f, %f %d", &flag_time, &time_pre, &time_aft, &dif_x, &dif_y, &dif_z, &s_flag);

11— RWER/11117711117111717171171711171117111111111177
if(s_flag != 0){ // s_flag MO ZEENRVNE
s_counter[s_count] = s_counter[s_count] + ((s_flag)/(s_flag));
Yelse{ // s_flagl 1 LRARhoTzb, 02T 2
s_counter[s_count] = 0;

¥

/] MiEZB2Z6Ey h&TS

if (s_counter[s_count] >= THRESHOLD_SENSOR){
s_bit[s_count] = 1;

s_counter[s_count] = 0;

}

1/ EBIRA TGO X A~ —aRE

g_flag_timer[s_count] = time_aft - time_pre;

if (g_flag_timer[s_count]<0){ // BOLEDLY HIZol= 5,
g_flag_timer[s_count] = time_aft; // 0¥ F% AniE 0K
}

/7 HHERRALER

fprintf (fp, " \n");
for(i=0; i<e_n; i++){

fprintf (fp, "thrown[%d] : %d\n", i, thrown[il);

fprintf (fp, "OBJECT_NUMBER : %d\n", OBJECT_NUMBER);

fprintf (fp, "g_time : %d, g_time & 10 : %d, ZHEL: %d\n", g_time, g_time%10, e_n);

fprintf (fp, "g_flag_timer[%d] : %d, time_pre : %d, time_aft : %d, g_flagl%d] : %d\n", s_count, g_flag_timer[s_count],
time_pre, time_aft, s_count, g_flagls_count]);

fprintf (fp, "t Y [%d] OFtiAtk : %3d  %3d-%3d  %f, %f, %f %d\n", s_count+l, flag time, time_pre, time_aft,
dif_x, dif_y, dif_z, s_flag);

fprintf (fp, "s_counter([%d] : %4d  s_bit[%d] : %d\n", s_count, s_counter[s_count], s_count, s_bit[s_count]);

fprintf (fp, " \n");
} // if(g_flag == ...) #bY

/] FA =Nz b7 77 0N (1)

if (g_flag_timer[s_count] == 1){

g_flagls_count] = 1;

Yelse{

g_flag[s_count] =
;_flag_timer [s_count]--;

} // for(s_count...) f&b ¥
} // if(check...) #bY

// ZHUE, for XDRHETE Y M
for(s_count=0; s_count<OBJECT_NUMBER; s_count++){
r3_node[s_count] = s_bit[s_count];

JII111117771177777771717717171777177711777177717771777717171777171711717171717171177717
1111111111111111111 Hi e I111111111171711111111117111111177
IIIIITI071077777707710777777771777777777777777777777771711717711711711711771711711771777

while( pMovel != NULL ){

pMove2 = pFirstObject2;

while(pMove2!= NULL){

if (strcmp (pMovel->0ObName, pMove2->0ObName) == 0){
pTemp = pFirstBayes;

while( pTemp != NULL ){
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if ( strcmp(pTemp->0bName,pMovel->0bName) == 0 ){

fprintf (fp, "\n\nkkkkxx*\n");

fprintf (fp, "cl_g_time : %d\n ob_number : %d\n pMovel->OBounter : %d\n", g_time, pMovel->ObNumber, pMovel->OBcounter);
fprintf (fp, "c2_g_time : %d\n ob_number : %d\n pMove2->OBounter : %d\n", g_time, pMove2->ObNumber, pMove2->OBcounter);

if ( new_IsOutPut2(pMovel,pMove2,pTemp,fp, r3_node) != FALSE ){ // #HLWHHOWH,

fprintf (fp,"\n\n Rl : %d\t A72% %s %s %s. \n\n\n",g_time, pMovel->ObName, pTemp->PostPositional, pTemp->Verb);
fprintf (fp_for_prog,"\n\n W%l : %d\t A7A %s %s %s. \n\n\n",g_time, pMovel->ObName, pTemp->PostPositional, pTemp->Verb);

/R LTHERLTLE S RH""ZT D

if (pre_put == pMovel->0bNumber){

printf("*\n");

Yelse{ // &> Sk ®

printf("\n\n K% : %d\t AD' %s %s %s. \n\n",g_time, pMovel->ObName, pTemp->PostPositional, pTemp->Verb);
}

pre_put = pMovel->ObNumber; // % {HJ) LI=#pik# 5 & (hFr

pMovel->0Bcounter = 0;
pMove2->0Bcounter = 0;

// ZZTRYYO =P 0L T %,
break;

}

}

pTemp = pTemp->pNext;

break;
}
pMove2 = pMove2->pNext;

}
pMovel = pMovel->pNext;
}
}

IIIIIT1077077777177777777777777777777171777177771771777777177177777177177777177177117177117

/] RN TNR—=Tg
// state.txt M OREEZMEET SHAAAL T,

IIII1171177777777777777777777777777771777777777777177777777177177777177177777777117111177117

/7 51T BHAEEEEZ 7 A v, HBEHLUNFER 7 7 A1)
void new_Verbalization_m(FILE *tra_fp, FILE *fp){
Object *pMovel,*pMove2;

TempBayes *pTemp;

pMovel = pFirstObjectl;

int e_n;

int i; // WU M

int tra_time;

float tra_dist;

int st_c[OBJECT_NUMBER];

int tra_a[OBJECT_NUMBER];

int tra_c[OBJECT_NUMBER] ;

int rate[0BJECT_NUMBER]; // i< HLWNEDWTH0

int output_flag[OBJECT_NUMBER]; // St h+ 285460757

II11117717777777777777777777117777177717777777117177177177117117117117117177

1111111111111117117 state.txt 7 DHEMAEHA 1111111117
II11777777777777777177777777177177177117777177117177117177117117177117117117

/! ZZTES TS pre BHE s m—r3n

/7 ZOBEIZADHNC, PIHIEALE (nain O while HICERIE !!)

for(i = 0; i<OBJECT_NUMBER; i++){

fscanf_s(tra_fp, "%3d,%f,%1d,%d,%1d,%d", &tra_time, &tra_dist, &st_c[il, &tra_alil, &tra_c[il, &ratelil);
}

/] EVHZT 4D 2 BILLEFVZ S 0K
for(i = 0; i<OBJECT_NUMBER; i++){
output_flag[i] = 0;

}

for(i = 0; i<OBJECT_NUMBER; i++){

if (g_file_sensor[il.flag == 1){ // SunSPOT {f& 725 tra_a HEJE
if ((tra_c[i] == 4)&&(tra_al[i]l>0)&&(rate[i] > THRESHOLD_MARKOV)){
output_flag[i] = 1;

printf("g_time : %d ob : %d\n", g_time, i+1);

fprintf(fp, "verbalie g_time : %d ob : %d\n", g_time, i+1);

Yelse{

if ((tra_c[i] == 4)&&(rate[i] > THRESHOLD_MARKOV)){
output_flag[il = 1;

printf("g_time : %d ob : %d\n", g_time, i+1);

fprintf(fp, "verbalie g_time : %d ob : %d\n", g_time, i+1);
¥

}

}
JILI117107710777777777777777771777717777777717771711777777771771777771771771711711171777
1111111117111117117 et 1111117117117117117717117711717717

II1111777771077777177777777777777771777777771771171777171771771171771171171177171177777
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/] —oniE R

for(i = 0; i<OBJECT_NUMBER; i++){
pre_tra_c[i] = tra_c[i];
pre_tra_ali] = tra_al[il;

}

}

B.3.16 new_SetBayesFromFile2

JILI117107710777777777777777771777771777777771777711777777771771777771771777771771717117177117

// CPT oA XDOEHMCAHEL T, FBKE, WAT20EInERFELTHL T 711,
//  FileName |37~ iAZ ], FileName2 |1 XiAZ M

I1117771777777771777777777177777777777171777177177177177177177177177177177177177177177177177
void new_SetBayesFromFile2( char *FileName, char *FileName2){

e S Gt

char str[512];

FILE *fp;

FILE *fp2; // HIH

FILE *fp_memo; // EhiFEMERAH
TempBayes *pNode;

TempBayes *Ret = NULL;

int i, j, k, 1; // calc P MFUMILKFO L Y M
float R_A[3] [0BJECT_NUMBER]; // R 7% 3 * A 7% 3 (R=1 Off)
char temp[8];

/! ERMMFEENTND T 7 A VAU

if( (fp = fopen( FileName, "r" )) == NULL ){
printf ("EFBMIKT 7 A VHBFEL EE AR ;

Yelse if(fopen_s(&fp_memo, file_memo, "w") != 0){
printf("file_memo open error!!\n");

Yelse{

/1 T ANID L ATIENAL

fgets( str,sizeof(str), fp ); // < IO LIFHIRHDO—1T, LHIDLD, b, HTHe I,
fprintf (fp_memo,"%s\n", str);

1 /SRR AATS 5y

for (k=0; k<OBJECT_NUMBER; k++){ // MIKDH¥ 72T (150

if (( pNode = (TempBayes*)malloc(sizeof (TempBayes)) ) != NULL){
memset (pNode, 0, sizeof (TempBayes));

fgets( str,sizeof(str), fp );
fprintf (fp_memo,"%s\n", str);

if (sscanf(str,"%[",1,%0",1,%07,1,%0,1,%07,1,%s",

pNode->0bNumber, pNode->0bName, pNode->Verb, pNode->Conjugation, pNode->PostPositional, &str ) == 6 ){

fprintf (fp_memo, "pNode->0ObNumber : %s\t pNode->PostPositional:%s\t pNode->Verb:%s\t pNode->Conjugation:%s\n\n",
pNode->0bNumber, pNode->PostPositional, pNode->Verb, pNode->Conjugation);

strcpy (ob_NAME [atoi (pNode->0ObNumber)-1], pNode->ObName) ;

for(i=0; i<3; i++){

for(j=0; j<OBJECT_NUMBER; j++){

sscanf (str,"}[",],%s", &temp, &str);

R_A[i1[j] = atof(temp);

fprintf (fp_memo, "R_A[%d][%d] : %f\n", i, j, R_A[i1[j1);
}

}

if (\pFirstBayes){ // pFirstBayes 2%¢7¢ 5 (U A FDYcHEA )
pFirstBayes = pNode;

Yelse{

pNode->pPrev = plastBayes; // U A hDigHi72 5
pLastBayes->pNext = pNode;

plLastBayes = pNode;

}

/] —ATRRATE D JLER

calc_p(R_A, &pNode->a_1, k, fp_memo);

fprintf (fp_memo, "[k=%d] : calc_p was called\n", k);

fprintf (fp_memo, "outputbit(a_1) : %d, %d, %d, %d, %d, %d, %d, %d\n", pNode->a_1.R_000, pNode->a_1.R_001,
pNode->a_1.R_010, pNode->a_1.R_011, pNode->a_1.R_100, pNode->a_1.R_101, pNode->a_1.R_110, pNode->a_1.R_111);
Yelse{

printf("malloc at SetBayesFromFile Error...\n");

}

Y //HBAB ORI LD Y

fclose(fp);
}

if ( (fp2 = fopen( FileName2, "w" )) == NULL ){
printf ("ERMIKT 7 A VHBFEL EEA\R");
Yelse{

fprintf (£p2,"%s", str);
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}
fclose(fp2);
fclose(fp_memo) ;

}

B.3.17 new_IsOutPut2

IIII1IT1077077777177177777777177777777177777777777777777777177177177177177777177177171177717
/7 HTIE
JIII117170771077777777777777177771777771771777777777177777777177177777177177777777117117777117

BOOL new_IsOutPut2( Object *pObjectl, Object *pObject2, TempBayes *pMove, FILE *fp, int *Node3){
BOOL bRet = FALSE;

//TempBayes *pMove;

int Nodel = 0;

int Node2 = 0;

int i; // AV A

FILE *£p2;

if ((fopen_s(&fp2, res_node, "a")) != 0) {
printf("file open error!!\n");
return 1;

¥
//Z OW§ET, pObjectl,pObject2,pMove ¢ ObName 73457 U ([f LEBRMIAKIC OV TIEL T D)

/170 BRI E B TOgE, DL = 1
if ( pObject1->0Bcounter >= THRESHOLD_AVI ){
Nodel = 1;

}
/170 o BB REE BTV E, D2 = 1
if ( pObject2->0Bcounter >= THRESHOLD_AVI ){

Node2 = 1;

}
JII111117171177777771777717777777177717777177777771717717177777171777777777717177777717171717117171717171711117
J10117771777717177177117717717777177777177] W7 —2 o=~ E UL 111171117117171111111111717111717
JII111117171177777771777117171777177717777777717771717717771717171771717177717177177717171717117111717171711117

int thrown[10]; // movie H (#4T2% =~ %1%FF)
int e_n = 0;

/1 WyEoa=yEE U (EE) //7771171111117117177111111111717711117111171111111111111111177
if (MOVIE_DROP==10){
thrown[0] = -1;

e.n = 1;
}else if (MOVIE_DROP == 9){
thrown[0] = 0;

en =1;

}else if (MOVIE_DROP == 8){
thrown[0] = 0;

thrown[1] = 1;

e_n = 2;

}else if (MOVIE_DROP == 7){
thrown[0] = 0;

thrown[1] = 1;

thrown[2] = 2;

e_n = 3;

}else if (MOVIE_DROP == 6){
thrown[0] = 0;

thrown[1] = 1;

thrown[2] = 2;

thrown[3] = 3;

e_n = 4;

}else if (MOVIE_DROP == 5){
thrown[0] = 0;

thrown[1] = 1;

thrown[2] = 2;

thrown[3] = 3;

thrown[4] = 4;

en = 5;

Yelse if (MOVIE_DROP == 4){
thrown[0] = 0;

thrown[1]
thrown [2]
thrown [3]
thrown[4]
thrown[5]

H
H

wowowowon
TR W N R

e_n = 6;

}else if (MOVIE_DROP
thrown[0] = 0;
thrown[1] 1;
thrown [2] 2;

3){
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thrown[3]
thrown[4]
thrown[5]
thrown[6]

o oW

en =7;
Yelse if (MOVIE_DROP == 2){
thrown[0]
thrown[1]
thrown[2]
thrown[3]
thrown [4]
thrown [5]
thrown [6]
thrown [7]

o

N oA WN R

en = 8;
}else if (MOVIE_DROP == 1){
thrown[0] = 0;

thrown[1]
thrown [2]
thrown [3]
thrown [4]
thrown[5]
thrown[6]
thrown[7]
thrown[8]

W N WN

en = 9;
Yelse{
printf("error in new_IsOutPut (thrown)\n");

JI111171771717777777177717777177717771777717771777171711771171717171111117171717

if (check_n((g_time % 10), thrown, e_n) == 1){ // H L. A® =</ thrown I[ZHFENTWIUE, BAT/—F 2 2% 01275,
Nodel = 0;

Node2 = 0;

¥

fprintf (fp,"\n\n in new_IsOutPut \n\n g_time :%d \n\n R3_node:%d Ob_Neme : %s Ob_numberl : %d Ob_number2 : %d\n",
g_time, Node3[atoi(pMove->0bNumber)-1], pMove->0bName, pObjecti->ObNumber, pObject2->0bNumber) ;

fprintf (fp, " \n");
for(i=0; i<e_n; i++){

fprintf (fp, "thrown[%d] : %d\n", i, thrownl[il);

fprintf (fp, " \n");

11177111171177777771777777177777171717777777717171777777171717171717717771717171771777171717177171711171117117
J1011711171177117117711771771171771777/77/ ~ ZZ7»5 RRR OBE5F 1111111111711111111111111111111111111117
J11117117171177777771777777777777177717777777717171777717171717171717777771717171777777171717171171711171117117
if( Nodel == O && Node2 == 0 ){

if (Node3 [atoi (pMove->0bNumber)-1] == 0){ 111111 000 I111777177117777177177717777777777117777717111711117717
if (pMove->a_1.R_000 == 1){

bRet = TRUE;

}

fprintf (fp,"g_time : %d \n %s\n", g_time, "000");

}else if(Node3[atoi(pMove->ObNumber)-1] == 1){ ////// 001 I11177711711777717717777711717771711717717171171117117117
if (pMove->a_1.R_001 == 1){

bRet = TRUE;

}

fprintf (fp,"g_time : %d \n %s\n", g_time, "001");

}

Yelse if( Nodel == 0 && Node2 == 1 ){

if (Node3 [atoi (pMove->0bNumber)-11 == 0){ ////// 010 I117177777177717717771771771777177177177171177177171177177
if (pMove->a_1.R_010 == 1){

bRet = TRUE;

¥

fprintf (fp,"g_time : %d \n %s\n", g_time, "010");

}else if (Node3[atoi(pMove->ObNumber)-11 == 1){ ////// 011 I1111777177777177711777111777111771177771717771117711177
if (pMove->a_1.R_011 == 1){

bRet = TRUE;

}

fprintf (fp,"g_time : %d \n %s\n", g_time, "011");

}

Yelse if( Nodel == 1 && Node2 == 0 ){

if (Node3 [atoi (pMove->0bNumber)-11 == 0){ ////// 100 I11117777777717777171771777771777177177171177117111177117
if (pMove->a_1.R_100 == 1){
bRet = TRUE;

fprintf (fp,"g_time : %d \n %s\n", g_time, "100");

}else if(Node3[atoi(pMove->0bNumber)-1]1 == 1){ ////// 101 II117771771777771771777771711711711711711711711711177117
if (pMove->a_1.R_101 == 1){

bRet = TRUE;

}

fprintf (fp,"g_time : %d \n %s\n", g_time, "101");

}
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Yelse if( Nodel == 1 && Node2 == 1 ){

if (Node3 [atoi (pMove->0bNumber)-11 == 0){ ////// 110 I11717771717771177777171177177177177177171177177111177177

if (pMove->a_1.R_110 == 1){

bRet = TRUE;

}

fprintf (fp,"g_time : %d \n %s\n", g_time, "110");

}else if(Node3[atoi(pMove->0bNumber)-11 == 1){ ////// 111 I1117771771717771171771771171771771171171171111111177117
if (pMove->a_1.R_111 == 1){

bRet = TRUE;

}

fprintf (fp,"g_time : %d \n %s\n", g_time, "111");

Yelse{
printf("IsOutPut Error..... \n");
}

fclose(fp2);
return bRet;

}

B.3.18 calc_p

111117111711117711111111177111117111171111711111711111711171111177111177111111111711111711117
// CPT FHE A

I1111777177777771777777771777717777177777777777777777777777771777717717777777717777177177771177
float calc_p(float R_A[][OBJECT_NUMBER], OutputBit *outputbit, int ob_n, FILE *fp_memo){

int i, j; // WU b

float prob;

float pre_prob B

float max_prob s /7 BRSO KA
float main_prob; // K/NE~UZfES,

= 0.0
= 0.0

fprintf (fp_memo, "R : %d\n", ob_n+1);

/1000 //71171771171171171771777777177177177777177177777177177117177117117177177
fprintf (fp_memo, "kkkxx***kk*x000%****\n") ;

for(j=0; j<OBJECT_NUMBER; j++){ // Wik A O¥%721F

prob = (1.0 - R_A[01[j1) * (1.0 - R_A[11[j1) * (1.0 - R_A[21[j1);

fprintf (fp_memo, "A[%d] : %f\n", j+1, prob);

// max HE D DR

if (prob > max_prob){ // max_prob DOYIHfEIL 0

max_prob = prob;

}

if (j==ob_n){ // WKFE SN~ L7=5 main_prob

main_prob = prob;

}

pre_prob = prob;

}

if ((main_prob == max_prob)&&(main_prob != 0.0)){ // main_prob /% Kfi7Z - 7=R721F, ) bit=1
outputbit->R_000 = 1;

}

max_prob = 0.0;

/1001 J/7117177717717717717717777117717777771771771771711711771711711711711711717
fprintf (fp_memo, "*kkkk****x001%***x\n") ;

for(j=0; j<OBJECT_NUMBER; j++){ // ik A O¥iZ1F

prob = (1.0 - R_A[01[j1) * (1.0 - R_A[11[j1) * R_A[2]1[j]1;

fprintf (fp_memo, "A[%4d] : %f\n", j+1, prob);

// max M E D DR

if (prob > max_prob){ // max_prob OHIHIfEIZ0

max_prob = prob;

if (j==ob_n){ // ¥{kFE 57— L7-5 main_prob
main_prob = prob;

pre_prob = prob;

}

if ((main_prob == max_prob)&&(main_prob '= 0.0)){ // main_prob AHKfE7Zo72RE/21F, HF bit=1
outputbit->R_001 = 1;

}

max_prob = 0.0;

/1010 [/711777771711777771771777717777777777771711771711711711711711711711711717
fprintf (fp_memo, " kkkkk***xx010%***x\n") ;

for(j=0; j<OBJECT_NUMBER; j++){ // Wik A o¥i2t)

prob = (1.0 - R_A[0I[31) * R_A[11[j] * (1.0 - R_A[21[31);

fprintf (fp_memo, "A[%4d] : %f\n", j+1, prob);

// max HE D DR

if (prob > max_prob){ // max_prob DO#JHfitiL0

max_prob = prob;

}

if (j==ob_n){ // WK —E /=5 main_prob
main_prob = prob;

}

pre_prob = prob;
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}

if ((main_prob == max_prob)&&(main_prob != 0.0)){ // main_prob »VEKfE/Z~ =721}, 117 bit=1
outputbit->R_010 = 1;

}

max_prob = 0.0;

/1011 //1177777777177771777111777777777777777777111777177711777717177711771177777
fprintf (fp_memo, "kkkkkk*k*kkk01l1k***k*\n");

for(j=0; j<OBJECT_NUMBER; j++){ // Wik A O¥izi)

prob = (1.0 - R_A[0I[31) * R_A[11[j] * R_A[21[j];

fprintf (fp_memo, "A[%d] : %f\n", j+1, prob);

// max M E D IHER

if (prob > max_prob){ // max_prob OHIHIfEIE O

max_prob = prob;

if (j==ob_n){ // k%573 —E L7 5 main_prob
main_prob = prob;

¥

pre_prob = prob;

if ((main_prob == max_prob)&&(main_prob != 0.0)){ // main_prob A Kfl7Z-7=W7/21F, /) bit=1
outputbit->R_011 = 1;
}

max_prob = 0.0;

11100 //711777711711777717771717717711717717711711711711711711711711711711711717
fprintf (fp_memo, "skkkxkkkkk100%*kkk\n") ;

for(j=0; j<OBJECT_NUMBER; j++){ // Wik A o¥721)

prob = R_A[0I[j] * (1.0 - R_A[11[j1) * (1.0 - R_A[21[1);
fprintf (fp_memo, "A[%d] : %f\n", j+1, prob);

// max HE D MR

if (prob > max_prob){ // max_prob DO#JH#iL 0

max_prob = prob;

¥

if (j==ob_n){ // WA&FF1—EL75 main_prob

main_prob = prob;

¥

pre_prob = prob;
prob = 1.0;

}

if ((main_prob == max_prob)&&(main_prob != 0.0)){ // main_prob A KfE7Z- 7=/, i) bit=1
outputbit->R_100 = 1;

max_prob = 0.0;

/1130 [/711777771717777717771777711777777717777771711771771771771711771111717
fprintf (fp_memo, "kskskskxkkkkk101%kkkk\n") ;

for(j=0; j<OBJECT_NUMBER; j++){ // Wik A O¥%721F
prob = R_A[0I[j] * (1.0 - R_A[11[j1) * R_A[21[j];
fprintf (fp_memo, "A[%d] : %f\n", j+1, prob);

// max HE D DR

if (prob > max_prob){ // max_prob DO¥HIEIL 0
max_prob = prob;

}

if (j==ob_n){ // WKFE S~ L7=5 main_prob
main_prob = prob;

pre_prob = prob;

}

if ((main_prob == max_prob)&&(main_prob != 0.0)){ // main_prob A KfE7Z- =721, Hi) bit=1
outputbit->R_101 = 1;

}

max_prob = 0.0;

11130 J1711717771771077777777177777777177171771177171171171171171171171171177
fprintf (fp_memo, "*kkkk*****x110%%**x\n") ;

for(j=0; j<OBJECT_NUMBER; j++){ // Wik A O¥%721F
prob = R_A[OI[j] * R_A[11[3j] * (1.0 - R_A[2][j]);
fprintf (fp_memo, "A[%d] : %f\n", j+1, prob);

// max HE D DR

if (prob > max_prob){ // max_prob OHIHIfEIZ0
max_prob = prob;

}

if (j==ob_n){ // WiE&F S~ L 725 main_prob
main_prob = prob;

pre_prob = prob;

}

if ((main_prob == max_prob)&&(main_prob '= 0.0)){ // main_prob A KIH7Zo72RF721F, HF bit=1
outputbit->R_110 = 1;

}

max_prob = 0.0;

/1 AL J111777777771777717777777777777777777171777117777717777177711177111777117
fprintf (fp_memo, "sxkkxkkrkklllxkkxk\n");

for(j=0; j<OBJECT_NUMBER; j++){ /7 Wik A O

prob = R_A[0][j] * R_A[11[j] * R_A[2][j];

fprintf (fp_memo, "A[%d] : %f\n", j+1, prob);

// max 7E D IERR
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if (prob > max_prob){ // max_prob OHJHIfEIZ0
max_prob = prob;

¥

if (j==ob_n){ // WEFE A —E /=5 main_prob
main_prob = prob;

}

pre_prob = prob;

}

if ((main_prob == max_prob)&&(main_prob != 0.0)){ // main_prob A KfE7Z- =K/, i) bit=1
outputbit->R_111 = 13

}

max_prob = 0.0;

return 0.0;

}

B.3.19 check n

111177777777777777777777177771777717777777777777777777717777177777777777777717777177177771777
// n 3ES) arr[] OHFICEENTIUL L, FERLTWRITIUE0 %3 T BI%
II111777777777777777777771771771777777177771777777777777777177177777177177711177117111177177
int check_n(int n, int *arr, int e_n){

int i;

for(i=0; i<e_n; i++){

if(n == arr[i]){

return 1;

¥

¥

return 0;

}

B.3.20 scene_drop_text

IITIITI077077777777777777777177777777777777177771777777777177177177177177777177177177177717

// text MHFAHL-T, text THIN
// n i =IO EEITXE) S,

I111177717777777177717777177771777717777777777777777777777777777771777777177717777177177771177
int scene_drop_text(int n, int max_or_min, char *fnamel, char #*fname2){

float x, y, z;

int ye,mo,d,h,mi,s,ms;

int pre_s, pre_ms;

int i=0;

// FILE BlOZEHK

FILE *filel; // = g_file_sensor[s_count].fp_in;

FILE *file2; //= g_file_sensor[s_count].fp_out;

int npsl = 1000/n; // n([@]) per second (1 %))

int nps = npsi; /] BFHIAT TN L LT,

int j=0; /1 77 ANDRNCERT D, [s_ 1) LEnOBFOHT
int k=0; /1 17w N

int data;

if (fopen_s(&filel, fnamel,"r")!=0){ //@iAHHv M7 71 L
puts( " 77 AABETEEA" );
return 1;

}
fopen_s(&file2, fname2, "w"); // HXAHLMT 7 AL

/1N O—AT R I 1

fscanf_s(filel,"%f,%f, % ,%4d,%2d,%2d,%2d,%2d,%2d,%3d" ,&x, &y ,&z,&ye ,&mo , &d , &h ,&mi, &s ,&ms) ;
float xx = x;

float yy = y;
float zz = z;

//24THMBREEAH L

for(i=1; !feof(filel); ++i){

// —ORIOW#HE pre_s & L THRFFLTHL,
pre_s = s;

pre_ms = ms;

// ms OAEH & A TR LLER

for(k=0; pre_ms > nps; k++){

j+ts

nps = nps + npsi;

fscanf_s(filel,"%f,%f, % ,%4d,%2d,%2d,%2d,%2d,%2d,%3d" ,&x, &y ,&z,&ye ,&mo , &d , &h ,&mi, &s ,&ms) ;
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/7 O s BEDLT, o, ms ¥ nps KNS VORE => K E WO & R R
if ((s == pre_s) && (ms < nps)){

if (max_or_min == 1){
if (abs(x)>abs(xx)) xx = x
if (abs(y)>abs(yy)) yy = y;
if (abs(z)>abs(zz)) zz = z;
Yelse if(max_or_min == 0){
X
y
z

if (abs(x)<abs(xx)) xx =
if (abs(y)<abs(yy)) yy =
if (abs(z)<abs(zz)) zz =

Yelse{
printf("error in max_or_min\n");
return 1;

// 0 ms 2% nps ZBA7-5, nps 1 {5721 #°F
Yelse if((s == pre_s) && (ms >= nps)){
j++s
//printf ("4f , %f , Af ,%4d,%2d,%2d,%2d,%2d,%2d,%3d,%3d\n" ,pre_s, j, xx,yy,zz,ye,mo,d,h,mi, pre_s, pre_ms, j);
data= fprintf_s(file2,"%f , %f , %f ,%4d,%2d,%2d,%2d,%2d,%2d,%3d,%3d\n" ,xx,yy,zz,ye,mo,d,h,mi, pre_s, pre_ms, j);

XX = X;
Yy =vs
zz = z;

nps = npsl * (j+1);

// O Bikbolk
Yelse if(s != pre_s){
jtts
//printf ("4f , %f , %f ,%4d,%2d,%2d,%2d,%2d,%2d,%3d,%3d\n" ,pre_s, j, xx,yy,zz,ye,mo,d,h,mi, pre_s, pre_ms, j);
data= fprintf_s(file2,"/f , %f , 4f ,%4d,%2d,%2d,%2d,%2d,%2d,%3d,%3d\n" ,xx,yy,zz,ye,mo,d,h,mi, pre_s, pre_ms, j);

3=0;
nps = npsi;

// 0O AES
Yelse{
fprintf(file2, "%d %d% ", nps, npsl);
data = fprintf_s(file2, "%s\n", "fI%h ! 1");
}

}

/] e O—AT R IR
J++;
data= fprintf_s(file2,"f , %f , %f ,%4d,%2d,%2d,%2d,%2d,%2d,%3d,%3d\n",xx,yy,zz,ye,mo,d,h,mi, pre_s, pre_ms, j);

fclose(filel);
fclose(file2);

printf("*:«**** text_file : %s was made ***¥x*\n", fname2);

return n;

}

B.3.21 set_sensor_node

I1117771777777777771777177777777777777777777777777777777777177177777177177777177177117177177
/] B DT =2 & 2{TTORER ST/ — FafHF T, 77 A Vi3 5 B,

/o T ANORT, ATTOMDH (LW bHAT 2T 5MD,)

// interval : x, y, z DZTNENDZE
I1117777177777777777777777777777777777177777777777177777777177177777177177177177177177177177

int set_sensor_node(int n, float interval, char *fnamel, char *fname2){

FILE *fpi;
FILE *£p2;

int i=0;
float x, y, z;
int year, month, day, h, m, s, ms, flag;

float pre_x, pre_y, pre_z;
float dif_x, dif_y, dif_z; // x,y,z DZhThoE
int pre_flag;

// node D)
// x-1, y-2, z-4

// xyz =000 001 010 011 100 101 110 111
// node = 0 4 2 6 1 5 3 7
int node;

int node_x = 1;

int node_y = 2;

int node_z = 4;

if (fopen_s(&fpl, fnamel, "r") != 0){
printf("in set_sensor_node filel open error!!\n");

}
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if (fopen_s(&fp2, fname2, "w") != 0){
printf("in set_sensor_node file2 open error!!\n");

}

// 1VATHZHD
fscanf (fp1, "Af , %f , %f ,%4d,%2d,%2d,%24d,%2d,%24d,%3d,%3d", &x, &y, &z, &year, &month, &day, &h, &m, &s, &ms, &flag);

while(!feof (fp1)){

pre_x = X3

pre_y =7y;

pre_z = z;

pre_flag = flag;

node = 0; // /— FZiik

fscanf (fpl, "%f , %f , %f ,%4d,%2d,%2d,%2d,%2d,%2d,%3d,%3d", &x, &y, &z, &year, &month, &day, &h, &m, &s, &ms, &flag);

/1 EERDT

dif_x = x-pre_x;
dif_y = y-pre_y;
dif_z = z-pre_z;

// node #ET S
if (abs(dif_x) >= interval){
node = node + node_x;

if (abs(dif_y) >= interval){
node = node + node_y;

if (abs(dif_z) >= interval){

node = node + node_z;

}

if (pre_flag > flag){

i++;

¥

fprintf (fp2, "%3d  %4d-%4d %f, 4f, %f Jd\n",i , pre_flag, flag, dif_x, dif_y, dif_z, node);
}

printf ("sxkk**x sensor_node file [%s] was made!! sxkk*x\n", fname2);

fclose(fpl);
fclose(£fp2);

return 0;

}

B.3.22 set_sensor_node
11171777777777777771777777777777777777777777777777777777777777777777777777777777777777777777
/! B UVABEH T 7 A AR E AT DB
111177777711177777717777777777777777777777777777777777777777777777777777717771177177711177777
void make_file_name(char *pre_name, int n_of_file, char *str_out){

sprintf (str_out, "%s%d.txt", pre_name, n_of_file);

}

B.3.23 set_file_bit, set_g_pos

II111177177777777777777777777771777771777777777777777777777177177777777177717177177111177117
/] BT ANVRIEET 20k Y b 5B

II11177777777777177177777177177777777777777177777777177777717777777717717777717717711717717
void set_file_bit(){

g_file_sensor[0].flag = 0;
g_file_sensor[1].flag = 1;
g_file_sensor[2].flag = 1;
g_file_sensor[3].flag = 1;
g_file_sensor([4].flag = 1;
//g_file_sensor[5].flag = 1;
/] AATICWoTHPBEY b
g_file_sensor[0].c_flag = 11;
g_file_sensor([1].c_flag = 10;
g_file_sensor[2].c_flag = 11;
g_file_sensor([3].c_flag = 11;
g_file_sensor[4].c_flag = 11;

//g_file_sensor[5].c_flag = 11;
}
I1117771777777777771777777777777777777777777777777777777777177177777177177771777117117177177

/U RER LTI 2 THRE
// LrIDBRnhh, ST THEE...
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// g_pos_new[video_number] [Object_number] [which_position]

I111777777777777777177777777177777777777777777777777777777177777777777717777117117717117717
void set_g_pos(){

Object *pMovel;
Object *pMove2;

I11177711717771717717771711777717711711711771777771/ video_1
// object_1

g_pos_new1[0][0].x = 184; // 184
g_pos_newl[0][0].y = 135; // 135
g_pos_newl[0] [1].x = 302;
g_pos_newl[0][1].y = 234;
g_pos_newl[0][2].x = 318;
g_pos_newl[0][2].y = 166;
g_pos_new1[0][3].x = 266;
g_pos_newl[0][3].y = 125;
// object_2
g_pos_new1[11[0].x = 57;
g_pos_newl[1][0].y = 123;
g_pos_newl[1][1].x = 132;
g_pos_newl[1][1].y = 115;
g_pos_newl[1][2].x = 135;
g_pos_newl[1][2].y = 228;
g_pos_newl[1][3].x = 61;
g_pos_newl[1][3].y = 225;
// object_3

g_pos_newl1[2] [0].x = 13;
g_pos_new1[2] [0].y = 97;
g_pos_new1[2] [1].x = 56;
g_pos_newl[2][1].y = 96;
g_pos_new1[2] [2].x = 55;
g_pos_newl[2][2].y = 170;
g_pos_new1[2] [3].x = 24;
g_pos_newl[2] [3].y = 175;
// object_4
g_pos_newl[3][0].x = 242;
g_pos_newl[3][0].y = 37;
g_pos_new1[3][1].x = 316;
g_pos_newl[3]1[1].y = 39;
g_pos_newl[3][2].x = 312;
g_pos_newl[3][2].y = 129;
g_pos_newl[3][3].x = 233;
g_pos_newl[3][3].y = 136;

// object_5

g_pos_new1[4][0].
g_pos_newl[4] [0].
g_pos_newl[4][1].
g_pos_newl[4][1].
g_pos_newl[4][2].
g_pos_newl1[4][2].
g_pos_newl1[4][3].
g_pos_newl1[4][3].

130;

M MY M M
L T TR T TR T
[
®
®©

176;

I1111171177171171171777771171177171171171771771717717 video_2

// object_1
g_pos_new2[0] [0].x = 229;
g_pos_new2[0] [0].y = 158;
g_pos_new2[0] [1].x = 319;
g_pos_new2[0][1].y = 174;
g_pos_new2[0][2].x = 319;
g_pos_new2[0] [2].y = 148;
g_pos_new2[0] [3].x = 279;
g_pos_new2[0][3].y = 139;
// object_2
g_pos_new2[1] [0].x = 212;
g_pos_new2[1][0].y = 174;
g_pos_new2[1][1].x = 266;
g_pos_new2[1][1].y = 209;
g_pos_new2[1][2].x = 287;
g_pos_new2[1][2].y = 172;
g_pos_new2[1][3].x = 211;
g_pos_new2[1][3].y = 149;
// object_3
g_pos_new2[2] [0] .x = 2;
g_pos_new2[2] [0].y = 134;
g_pos_new2[2] [1].x = 19;
g_pos_new2[2] [1].y = 127;
g_pos_new2[2] [2] .x = 28;
g_pos_new2[2] [2].y = 219;
g_pos_new2[2] [3].x = 2;
g_pos_new2[2] [3].y = 236;

// object_4
g_pos_new2[3] [0].x = 218;
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g_pos_new2[3][0].y = 51;
g_pos_new2[3] [1].x = 253;
g_pos_new2[3][1].y = 52;
g_pos_new2[3][2].x = 250;
g_pos_new2[3][2].y = 145;
g_pos_new2[3][3].x = 220;
g_pos_new2[3][3].y = 171;
// object_5
g_pos_new2[4][0].x = 58;
g_pos_new2[4] [0].y = 41;
g_pos_new2[4][1].x = 117;
g_pos_new2[4] [1].y = 45;
g_pos_new2[4] [2].x = 123;
g_pos_new2[4] [2].y = 206;
g_pos_new2[4][3].x = 78;
g_pos_new2[4] [3].y = 213;

}

B.3.24 cvSmooth, blur_len, make_len_array,

resolution
I11117771777777777777777717777177777777777777771777777777777717777777777717771777717177771177
/] BET — 2 @i A TEERT IS, 7 L—AIX LT, filter AFRATET,
I11177771777777777777777717777177771777777777777777777771777777777771777177771777717117771777
/1 ERET S (R T %)
/% REOEWFLLFOBIKIZF DT, BT,
iZSmooth(img, ds_img, CV_BLUR, thr, 0, 0, 0);
I1117777177777777177177777777777777777177777777777777777777177777777177177171177177111177177
/1 #it7 v
I111177717777777777717777717777177777777777777777777777777177777777177777717771777717177171177
void blur_len(Ipllmage *img, int thr){
int i =0; // WUUH
float array_len[MAX_SIZE];
for(i=0; i<MAX_SIZE; i++){
array_len[i] = 0.0;

}
// BB

*array_len = make_len_array(array_len, thr);
CvMat kernel_len = cvMat(thr, thr, CV_32F, array_len);

/7 (1) W OFEA
/] (2) I—xNVOIERLE, 7 4V 0
cvNormalize (&kernel_len, &kernel_lemn, 1.0, O, CV_L1);
cvFilter2D(img, img, &kernel_len, cvPoint(-1, -1));
}

I11171711771717711711711711711711711711717
//

// BFIEAES B (fE)

//

float make_len_array(float *array_len, int size_of_array){
int i=0;

int j=0;

for(j=0; j<size_of_array; j++){

for(i=0; i<size_of_array; i++){

array_len[i + size_of_array*j]l = 0.0;

if(i == (size_of_array/2)){

array_len[i + size_of_array*j] = 1.0 / float(size_of_array);
¥

}

}

return *array_len;

}
II1111777777777771777777717717777777777777777777777771777777177177777777177777177117111177117
A v

I1117771777777777777777777777777777777777777777777777777777177777777777177177177177177177177
void blur_side(IplImage *img, int thr){

int i = 0; // WU H
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float array_side[MAX_SIZE];

for(i=0; i<MAX_SIZE; i++){
array_side[i] = 0.0;

}
/7 BLBIERR

*array_side = make_side_array(array_side, thr);
CvMat kernel_side = cvMat(thr, thr, CV_32F, array_side);

/7 (1) EHEOFEA AT
/1 (2) I—FNVOIERULE, 7 42 0EL
cvNormalize (&kernel_side, &kernel_side, 1.0, 0, CV_L1);
cvFilter2D(img, img, &kernel_side, cvPoint (-1, -1));
}

III11771771717711711711711711711111711717

/7
/7 BeBIEAED B (1)
//

float make_side_array(float *array_side, int size_of_array){

int i=0;
int j=0;

for(j=0; j<size_of_array; j++){
for(i=0; i<size_of_array; i++){
array_side[i + size_of_array*j] = 0.0;

if(j == size_of_array/2){

array_side[i + size_of_arrayxj] = 1.0 / float(size_of_array);
}

}

}

return *array_side;

}
II1111777771077777777777777771777771777777777777777177777777177177777177177777177177111177117
/1 G

II111777177777777777777777177771777777777771777777777777777777177777177177771777117117177117
void resolution(IplImage *img, int thr){

int blue, green, red;

int tmpl, tmp2;

int x, y;

int i, j;

int sub_h; // FRAGEELFEF OO height

int sub_w;

/1 FROfEERFR
int middle = thr / 2;

/] MEEREDY A X3 TH-THEY 11T 5 (EATa s 7 A0OME. . .)
int w_size = (img->width) % 3;
int h_size = (img->height) % 3;
if((w_size!=1) || (h_size!=1)){
if (w_size == 0){

sub_w = img->width - 2;

Yelse if (w_size == 2){

sub_w = img->width - 1;

}

if (h_size == 0){

sub_h = img->height - 2;

Yelse if(h_size == 2){

sub_h = img->height - 1;

}

}

J111177711777111777171771711777777771777717777] % CHZEDERME

for(y=0; y<sub_h; y+=thr){
for (x=0; x<sub_w; x+=thr){

blue = 0;
green = 0;
red = 0;

for(i=0; i<thr; i++){

if(sub_h < (y+i)){ // EVA 7 BHEDNEI HELEBZ T HHEDY
break;

¥

tmpl = i;

for(j=0; j<thr; j++){
if (sub_w < (x+j)){
break;

¥
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// FROEHFEETESE, TRERA

if ((j == middle) && (i == middle)){

blue = (unsigned char)img->imageData[img->widthStep * (y + i) + (x + j) * 3];
green = (unsigned char)img->imageData[img->widthStep * (y + i) + (x + j)* 3 + 1];
red = (unsigned char)img->imageData[img->widthStep * (y + i) + (x + j) * 3 + 2];
}

tmp2 = j;

}

}

tmpl++;
tmp2++;

for(i=0; i<tmpl; i++){

for(j=0; j<tmp2; j++){

img->imageData[img->widthStep * (y + i) + (x + j) * 3] = blue;
img->imageData[img->widthStep * (y + i) + (x + j) * 3 + 1] =green;
img->imageData[img->widthStep * (y + i) + (x + j) * 3 + 2] = red;
}

}

B.3.25 new_set HMM state

L1117777777771771777777777777777777777777717777777777777777777777771171717777777777777771177
/] T AME, EERALM, B AT 10NN, AT 2 O

/] ~AaTDWEED state Dy b (77 ANVOEE & EE ) — ROEE) (EEIAL ver)

/1l EVHRT HAT L LB AT 2 ORI LU T, EET 7 A VEFHAAT, state #t v b Ligksd
/! ZOBEUCA- TR T, g_time 1IMT L7277 L— 232> TH | (EDOE D)
J11117711177171111711177111777717777117771117717177171771171777717177171171711717111171711717

void new_set_HMM_state(FILE *fp){

int time_cl, time_c2; // B AT 1 LW AT 2 D g_time

int ob_cl, ob_c2; // #ik&EH (0 A¥— 1)

float dist_c1[OBJECT_NUMBER], dist_c2[0BJECT_NUMBER]; // Hiff

int st_r_c1[O0BJECT_NUMBER], st_r_c2[0OBJECT_NUMBER]; // WiiAlFoiRfE

/1 —onioikiE
int pre_time_cl, pre_time_c2; // W AT 1 LAAT 2 D g_time
int pre_ob_cl, pre_ob_c2; // WiE&EH (0 A¥— 1)

float pre_dist_c1[OBJECT_NUMBER], pre_dist_c2[0BJECT_NUMBER]; // B
int pre_st_r_c1[0BJECT_NUMBER], pre_st_r_c2[0BJECT_NUMBER]; // WeiAR§o:IRTE

// = a7 CIRIEER % k) 5 7m0 A%
int pre_st_c[0BJECT_NUMBER]; // [ER{DH AT D state
int pre_st_a[OBJECT_NUMBER]; // ER{DIEED state

int st_c[OBJECT_NUMBER]; // 71 A7 ® state
int st_a[OBJECT_NUMBER]; // M#E (D state

/] =7 EBOERH
int tra_c[OBJECT_NUMBER]; // 7 AT D
int rate[OBJECT_NUMBER]; // JE-3& &

/1 IHEET — 2

int flag_time;

int time_pre, time_aft, s_flag;
float dif_x, dif_y, dif_z;

// HEIAB state
int state;
float dist_c; //W A7 2HOEFEHOAH

// v A
int i, j, k;

BN A

B

FILE *d_fpi; //
FILE *d_fp2;

FILE *d_outl; // g_time HEHOMN 7 71V
FILE *d_out2;

FILE *s_fp; // MIET —4iAB7 74 L
FILE xtra_fp; // &I

char *fname_dl = "d_outl.txt";
char *fname_d2 = "d_out2.txt";
char *fname_st = "state.txt";

char *fname_tra = "trance.txt";

// #EAM 7 7 A v open

if (fopen_s(&d_fpl, "distancel.txt", "r") != 0){

printf ("HEHEFII 7 7 AL 1 ZPHIF EH A (in new_set_HMM_state)\n");
}
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if (fopen_s(&d_fp2, "distance2.txt", "r") != 0){
printf ("FEEEAIIE /)7 7 AL 2 A BT £ A (in new_set_HMM_state)\n");
}

/] HEZAHRMT 7 AL open

if ( (d_outl = fopen(fname_d1,"w")) == NULL ){

printf ("EEEEAIIN /)7 7 AV 1 ZBHITEEA (in new_set_HMM_state)\n");
}

if ( (d_out2 = fopen(fname_d2,"w")) == NULL ){

printf ("HEHEFI 7 7 AL 2 BT EH A (in new_set_HMM_state)\n");
//return -1;

}

JII1111177771777777717777171777771777177171777177717717171717771711117171717171711711717
1111117117111117117 ETIE. 2 MOWEHEY 7 A LD g_time ZHEFL 1111171177
IIIIIT1077077777777107717777717777777777777777777717771711711711711711711771711711771777

/] BO—ATEFRALTHEZIAL (g_tine = 1) (WIEOEKIZT)
for(i=0; i<OBJECT_NUMBER; i++){

/AT 1 FEA
fscanf_s(d_fpl, "%3d,%2d,%f,%1d", &pre_time_cl, &pre_ob_cl, &pre_dist_c1[i], &pre_st_r_c1[il);

/AT 2 FEA
fscanf_s(d_fp2, "%3d,%2d,%f,%1d", &pre_time_c2, &pre_ob_c2, &pre_dist_c2[i], &pre_st_r_c2[il);
}

//
/] 1A 1 OWEET 7 A VILE
//
for(i=1; !feof(d_fpl); i++){

/1 ET. LATHAAALT

for(j=0; j<OBJECT_NUMBER; j++){

fscanf_s(d_fpl, "%3d,%2d,%f,%1d", &time_cl, &ob_cl, &dist_c1[jl, &st_r_c1[jl);
}

if (pre_time_c1+1 == time_c1){ // E% D time 7Z-7= 5, pre (T#H\ T 0K

for(j=0; j<OBJECT_NUMBER; j++){

fprintf(d_outl, "%3d,%2d,%.2f,%1d\n", pre_time_cl, j, pre_dist_c1[j], pre_st_r_c1[jl);
}

Yelse if(pre_time_cl == time_c1){ // g_time N¥ 7> Tlb GEWIOERAZERMT5)
for(j=0; j<OBJECT_NUMBER; j++){

if (dist_c1[j] >= pre_dist_c1[j1){ // /NSWFHZARFF | HEIALITRT S !

dist_c1[j] = pre_dist_c1[j];
st_r_c1[j] = pre_st_r_c1[jl;
}
}

Yelse if(pre_time_cl < time_c1){ // time ARA T/ D, KHRE7Z o7 time A XIALy, AIOITEML, (FHAIZ LAWY
/! £V HZT pre BEL,

for(j=0; j<OBJECT_NUMBER; j++){

fprintf(d_outl, "%3d,%2d,%.2f,%1d\n", pre_time_cl, j, pre_dist_c1[j], pre_st_r_c1[jl);

}

while(time_cl - pre_time_c1 != 1){ // M 1 [T D £ THESIALZMY KT

for(j=0; j<OBJECT_NUMBER; j++){

fprintf(d_outl, "%3d,%2d,%.2f,%1d\n", pre_time_cl+1, j, pre_dist_c1[j], pre_st_r_c1[jl);
}

pre_time_cl++;

}

Yelse{

printf ("AHiESL ! (in new_set_HMM_state c1)\n");

}

/] —OHIOT — X s
pre_time_cl = time_cl;

for(j=0; j<OBJECT_NUMBER; j++){

pre_dist_c1[j] = dist_c1[j];

pre_st_r_ci[jl = st_r_c1[jl;

¥

} // while(!feof(d_fp1)) ¥V

/1 BHROTEENEL

for(j=0; j<OBJECT_NUMBER; j++){

fprintf(d_outl, "%3d,%2d,%.2f,%1d\n", pre_time_cl, j, pre_dist_c1[j], pre_st_r_c1[j1);
}

fclose(d_outl);

//
/1 1A 2 OHEET 7 A VILER
//

//while(!feof (d_fpi)){ // 77 A NHHDDHET
for(i=1; !feof(d_fp2); i++){

/1 ET. IATHAAALT

for(j=0; j<OBJECT_NUMBER; j++){

fscanf_s(d_fp2, "%3d,%2d,%f,%1d", &time_c2, &ob_c2, &dist_c2[jl, &st_r_c2[jl);
¥

if (pre_time_c2+1 == time_c2){ // E%D time 7Z-7-5H, pre (T#FH T 0K
for(j=0; j<OBJECT_NUMBER; j++){
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fprintf(d_out2, "%3d,%2d,%.2f,%1d\n", pre_time_c2, j, pre_dist_c2[j], pre_st_r_c2[jl);
¥

Yelse if(pre_time_c2 == time_c2){ // g_time N¥ 7 > T/eh GEWLOIEMZRMT %)
for(j=0; j<OBJECT_NUMBER; j++){

if (dist_c2[j] >= pre_dist_c2[j1){ // /NS WHZLREF | HEIALTRT 5 !

dist_c2[j] = pre_dist_c2[j];

st_r_c2[j] = pre_st_r_c2[jl;

}

}

Yelse if(pre_time_c2 < time_c2){ // time BRATIZH, KLHREE o7 time ZH XA, AIOTELML, (BHAZ LAWY
// LV HzT pre #EL,

for(j=0; j<OBJECT_NUMBER; j++){

fprintf(d_out2, "%3d,%2d,%.2f,%1d\n", pre_time_c2, j, pre_dist_c2[j], pre_st_r_c2[jl);
}

while(time_c2 - pre_time_c2 != 1){ // 7 1 [Z72 5 F CTHZ AL LMY KT

for(j=0; j<OBJECT_NUMBER; j++){

fprintf(d_out2, "%3d,%2d,%.2f,%1d\n", pre_time_c2+1, j, pre_dist_c2[j], pre_st_r_c2[jl);
¥

pre_time_c2++;

}

Yelse{

printf ("A7ESF ! (in new_set_HMM_state c2)\n");

/] AT oTlbfifb Ly -> ZZIL%b5,

}

/1 —OHIOT —FZ mARFF
pre_time_c2 = time_c2;
for(j=0; j<OBJECT_NUMBER; j++){
pre_dist_c2[j] = dist_c2[jl;
pre_st_r_c2[j] = st_r_c2[jl;

} // while(!feof(d_fp2)) &Y

/1 FEOATEENEL

for(j=0; j<OBJECT_NUMBER; j++){

fprintf(d_out2, "%3d,%2d,%.2f,%1d\n", pre_time_c2, j, pre_dist_c2[j], pre_st_r_c2[jl);
}

fclose(d_out2);
fclose(d_fpl);
fclose(d_fp2);

II1111771771777777711777777771777717711717711711711711711711717
J107177777177777777  OWERE & RMILCHREHL 1111111117
JI1117107771171717771717111171717171711117171717171111717171717

// FEAMMZ 7 4 open

if ( (d_outl = fopen(fname_d1,"r")) == NULL ){

printf ("HHERHA T 7 AV 1 BT A (in new_set_HMM_state)\n");
}

if ( (d_out2 = fopen(fname_d2,"r")) == NULL ){
printf ("FEEFGAT 7 AV 2 2Bl EH A (in new_set_HMM_state)\n");
}

/] MRED ) — R 7 7 A VEB<

for(i=0; i<OBJECT_NUMBER; i++){

if (g_file_sensor[il.flag == 1){ // SunSPOT f} & Mik7Z-7= 5

if( (g_file_sensor[i].fp_node = fopen(g_file_sensor[i].text_node,"r")) == NULL ){
printf ("IIHE R Y FHAM Y 7 A VAT EHE A (in new_set_HMM_state)\n");

}

}

}

/] HEERBRT 7 AN

if ( (s_fp = fopen(fname_st,"w")) == NULL ){

printf ("KIEH /17 7 4 L% BT £H A (in new_set_HMM_state)\n");
}

for(i=1; i<g_time; i++){

11 DIROEKIET

for(j=0; j<OBJECT_NUMBER; j++){

/] B AT 2 BOEMRHA

if (fscanf_s(d_outl, "%3d,%2d,%f,%1d", &time_cl, &ob_cl, &dist_c1[jl, &st_r_c1[jl)
time_cl = g_time;

NULL){

dist_c1[j] = 0.0;
st_r_ci[j]l = 3;
}

if (fscanf_s(d_out2, "%3d,%2d,%f,%1d", &time_c2, &ob_c2, &dist_c2[j]l, &st_r_c2[j]) == NULL){
time_c2 = g_time;

dist_c2[j] = 0.0;

st_r_c2[j] = 3;

}

// DEREE

if(g_file_sensor[j].flag == 1){ // SunSPOT fI#ik/Z -7 6

/] IMEET — X Fiik

fscanf_s(g_file_sensor[j].fp_node, "%3d  %4d-%4d %f, %f, 4f %d", &flag_time, &time_pre, &time_aft, &dif_x, &dif_y, &dif_z, &s_flag);
Yelse{

s_flag = -1;

}
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/] AT 250D state EE

if (g_file_sensor[jl.c_flag == 11){ // W HDOHATIZESTHRE

dist_c = dist_c1[j] + dist_c2[j];

Yelse if(g_file_sensor[jl.c_flag == 10){ // WHDHATDHRIE-THRE
dist_c = dist_c1[jI*2;

}else if(g_file_sensor[j].c_flag
dist_c = dist_c2[jI*2;

}

on{

if (dist_c <= 100.0){

fprintf(s_fp, "%3d,%.2f,1,%1d\n", time_cl, dist_c, s_flag);
Yelse if(dist_c <= 300.0){

fprintf(s_fp, "%3d,%.2f,2,%1d\n", time_cl, dist_c, s_flag);
Yelse{

fprintf(s_fp, "%3d,%.2f,3,%1d\n", time_cl, dist_c, s_flag);
}

}
}

/1 77ANERLS
fclose(d_outl);
fclose(d_out2);
fclose(s_fp);

/] MWEED ) —R7 7 A VEHAL S

for(i=0; i<OBJECT_NUMBER; i++){

if (g_file_sensor[il.flag == 1){ // SunSPOT f} & Mik7Z~7=6
fclose(g_file_sensor[i] .fp_node);

}

}

///////////////////////////////////////////////////////////////
I1771711117111771717  EBRIEDOTEEHL 1111171177
///////////////////////////////////////////////////////////////

/! BEAR T 7 AN

if ((s_fp = fopen(fname_st,"r")) == NULL ){

printf ("RIEFGHAY 7 A V% BT £ A (in new_set_HMM_state)\n");
}

/! EERBR7 7 AN

if ((tra_fp = fopen(fname_tra,"w")) == NULL ){

printf ("EBIRIEH)) 7 7 A VAT £ A (in new_set_HMM_state)\n");
}

J111771111771777177171717777771777171777777777717171777177771717171111717171717171171717
1111111111111111117 avEe LOMIETL T — 2 2 AL <EF| 1111111117
II1117777777777777717777717717777717777777717777771777777777771717771771171111711171117
/1 BEmETOHEANE ES (25T 1 0 LRE)

int thrown[10]; // movie

int thrown2[10]; // accel

int e_n = 0; // #HH (movie)

int e_n2 = 0; // %HHK (accel)

// movie M=% L L ([HE)
if (drop_movie==10){
thrown[0] = -1;

en = 1;
}else if(drop_movie == 9){
thrown[0] = 0;

en =1;

Yelse 1f(drop movie
thrown[0] =
thrown[1] =

8){

en =2;
Yelse if(drop_movie == 7){
thrown[0] = 0;

thrown[1] = 1;

thrown[2] = 2;

e_n = 3;

}else if(drop_movie == 6){
thrown[0] = 0;

thrown[1] = 1

thrown[2] = 2;

thrown[3] = 3;

e_n = 4;

}else if (drop_movie == 5){
thrown[0] = 0;

thrown[1] = 1;

thrown[2] = 2;

thrown[3] = 3;

thrown[4] = 4;

en = 5;

}else if(drop_movie == 4){
thrown[0] = 0;

thrown[1] = 1

thrown[2] = 2;

thrown[3] = 3;
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thrown[4] = 4;
thrown[5] = 5;

e.n = 6;
}else if(drop_movie == 3){
thrown[0] = 0;

thrown[1] =
thrown[2] =
thrown[3] =
thrown[4] =
thrown[5] =
thrown[6] =

H

DO W N

en=7;
Yelse if(drop_movie == 2){
thrown[0] = 0;

thrown[1] =
thrown[2] =
thrown[3] =
thrown[4] =
thrown[5] =
thrown[6] =
thrown[7] =

H

N O WN e

e_n = 8;
}else if (drop_movie == 1){
thrown[0] = 0;

thrown[1] =
thrown[2]
thrown[3] =
thrown[4] =
thrown[5]
thrown[6]
thrown[7]
thrown[8] =

0N ONWN R

en =9;
Yelse{
printf("error in new_verbalization2 (thrown)\n");

}

// accel =~ &L (BEE)
if (drop_sensor==10){
thrown2[0] = -1;

en2 =1;
}else if(drop_sensor == 9){
thrown2[0] = 0;

e_n2 = 1;

}else if(drop_sensor == 8){
thrown2[0] = 0;

thrown2[1] = 1;

e_n2 = 2;

}else if(drop_sensor
thrown2[0] = 0;
thrown2[1] = 1;
thrown2[2] = 2;

]
i
~
~

e_n2 = 3;
}else if(drop_sensor == 6){
thrown2[0] =
thrown2[1] =
thrown2[2]
thrown2[3] =

0;
1;
2:
3.

H

e_n2 = 4;
Yelse if(drop_sensor == 5){
thrown2[0] =
thrown2[1] =
thrown2[2] =
thrown2[3] =
thrown2[4] =

B W N RO

e_n2 = 5;
}else if (drop_sensor == 4){
thrown2[0] = 0;

thrown2[1] =
thrown2[2] =
thrown2[3] =
thrown2[4] =
thrown2[5] =

TS W RO

e_n2 = 6;
}else if(drop_sensor == 3){
thrown2[0] = 0;

thrown2[1] =
thrown2[2] =
thrown2[3] =
thrown2[4] =
thrown2[5] =
thrown2[6] =

DO W N
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en2 =7;
Yelse if(drop_sensor == 2){
thrown2[0]
thrown2[1]
thrown2[2]
thrown2[3]
thrown2[4]
thrown2[5]
thrown2[6]
thrown2[7]

[ T T TR T
NS WN RO

e_n2 = 8;
}else if(drop_sensor == 1){
thrown2[0]
thrown2[1]
thrown2[2]
thrown2[3]
thrown2[4]
thrown2[5]
thrown2[6]
thrown2[7]
thrown2[8]

H
H

H

1
2
3
4
5
6
7
8

e_n2 = 9;
Yelse{
printf("error in new_verbalization2 (thrown2)\n");

}
JI111117717717771771771777711771777171717177171777171717717171777171711711171717171111111177

for(j=0; j<OBJECT_NUMBER; j++){

pre_st_c[jl = 3;
pre_st_a[j]l = 0;
tra_c[jl = 0;
rate[j] = 0;

}

for(j=0; j<e_m; j++){
fprintf (fp, "/%d\n", thrown[jl);
}

for(i=1; i<g_time; i++){

/1 DIROEKTET
for(j=0; j<OBJECT_NUMBER; j++){
fscanf_s(s_fp, "%3d,%f,%1d,%d", &time_cl, &dist_c, &st_c[jl, &st_aljl);

// Aa=dELL

// g_time(i) & 10 THI-7/RV A, thrown AFIOHIZHIVE,

/1 MEERN T2 B

if(g_file_sensor[j].flag == 1){

if (check_n((i % 10), thrown2, e_n2) == 1){

st_al[jl = 0;

fprintf (fp, "g_time : %d, ob_n : %d, drop_sensor : %d, reset_accel O \n", i, j, drop_sensor);

}
// BEOa~wEE L
if (check_n((i % 10), thrown, e_n) == 0){

// EBOLH

// st_c: 3->3->2->1->1->1->3
// tra_c: 1 2 3 4 4 1
// fix o

/] OB ) — K
if(st_c[j] == 3){
if (pre_st_c[j]l == 3){ // 3 1okl

tra_c[jl = 1;
Yelse{
tra_c[j] = 0;
}

Yelse if(st_c[j]l == 2){

if ((pre_st_c[j] == 2) || (pre_st_c[j]l == 3)){ // 2, 3 nHKi=/XbH
tra_cl[jl = 2;

Yelse{

tra_c[j]l = 0;

}

Yelse if(st_c[jl == 1){

if (pre_st_c[j] == 1){

tra_c[j] = 4;

Yelse{

tra_c[j] = 3;

}

Yelse{

printf("error in new_Ver_m\n");

}

/1 ESE

if(st_c[jl == 3){

if (pre_st_c[j] == 3){ // 3 bk
rate[j] = 0;

Yelse if(pre_st_c[jl == 2){
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rate[j] = rate[jl-2;

Yelse if(pre_st_c[j]l == 1){
rate[j] = rate[j]-4;

}

Yelse if(st_c[j]l == 2){

if (pre_st_c[jl == 3){ // 3 Mok bH
rate[j] = rate[j]+2;

Yelse if(pre_st_c[jl == 2){
rate[j] = rate[jl+1;

Yelse if(pre_st_c[j] == 1){
rate[j] = rate[jl-2;

}

Yelse if(st_c[j]l == 1){

if (pre_st_c[j] == 3){ // 3 1ok
rate[j]l = rate[jl + 4;

Yelse if(pre_st_c[j]l == 2){
rate[j] = rate[j] + 2;

Yelse if(pre_st_c[j]l == 1){
rate[jl++;

¥

Yelse{

printf("error in new_Ver_m\n");
}

}

fprintf (tra_fp, "%3d,%.2f,%1d,%1d,%d,%d\n", time_c1, dist_c, st_c[jl, st_aljl, tra_c[jl, ratel[jl);

/] a7 ED b REL BB Y R,

if (rate[j] > (int) (THRESHOLD_MARKOV*3/2)){
rate[j] = 0;

}

} //for ¥V

for(j=0; j<OBJECT_NUMBER; j++){
pre_st_c[j]l = st_c[jl;
pre_st_aljl = st_aljl;

}

}

fclose(s_fp);

fclose(tra_fp);
}
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