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Abstract

This thesis presents multi- sensors data fusion techniques based on
Bayesian probability. There are 4 types of sensors such as vision (camera), sound
(microphone), motion (infrared) and touch (force sensor). The input data set represent
in form of features that extract from each sensors with different techniques. The vision
features were calculated from background subtraction technique. Audio features came
from computation of Mel Frequency Cepstrum Coefficient (MFCC) technique. The
motion and touch feature were extract by infrared sensor and force sensor
respectively. The hypothesis is fusion model with many information can increase
accuracy of activity identification. There are 4 output actions comprised of stand, walk,
sit, and laydown. First, we observed the scene to collected data from each sensors
and used it as training data set for create the fusion parameters and the learning
model. Then we tested the model on different situation by increasing data from 1 to
4 sensors. We got the result that show the relation of more data can increase activity

identification accuracy. The highest accuracy we got is 86.32% with all input feature.
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2.2.1.1 N15aUNUNAY

msnsaduiuniavesiyudludoyanin deyanwidmulusiuvuves
RGB argniuiuvaslieglusduuunisudasaindiluseduini (Gray-Scale Image
Transform) Aaudastayan ndlusyuu RGB WkansdAAuainaven et 1ufied [10]
iWerdunisdaiiadevesdfienaszsuniumsiinesiesnly neufiazmmnuunnei1eszmning
wsulaslanalunisdauenuyudeanainainiiundsannsamndidounalsuuuy
wadiafidunsadslnavesnmiundafiannsousualndutiogiuld wyudmelumsu
fuazgnuenUssnmdugeddeinisnsrneuuumddeuiiuinn 1 Afussansnmlunis
ylsnafiundsfidanududeu Seilfqadnundsvosudazinsuaiuisauiuaia
anwinndesld [11] [12] iWensaduuyudldazuiuussnnudaauvesuyudfingraduld
menszuunsUszananann lnenislddeyanuulassasiadudvinszuiunis (Operator)
[13] FsUsznauludie Opening, Closing wae Fill Feanunsoandssuniuuisauls

° n3¥UIUNTS Open Wunisnszvhlaenmsthainundnnseunmmsein
msganmiludnuazaudoyareunn kdin1snennImmseInIs
MuNMILIangafisuniueenie

° N3UIUN13 Close 1uNIzUIUNTUINININVEIIAINADURAIILI
n1snsounmariidunavvesiuiidoudafuasinlifiuiivene
oonifunsTafiuiiinenelunin

o nszuaunTs Fill asdunszuiunisiudesitiifinduluingainnis
miinaigdonsey lnsedunsidensessninsveuieglndriu

Lﬁamaﬁwéﬁlé’mﬂmié’mLLEJﬂﬁuwé’qaaﬂmﬂi’mq&iamﬁwmiammmi’mqﬁau%

#8735 blob tracking umMslaneinguuesganndviuardsfunnsisiu ioadaudey
Awdsuoamzdiniaulaiuhlimsuauniie mnuen uazqudnatsvesinglélunis
Insgsimiumiaresdsiiavlanisluvinaideants emainnudoulosiuaaia
Wvane [14]

2.2.1.2 N1993AT7 zﬁé’mﬂdauuﬁau

31NNTEVIUN5ATIIT VLY lutoyanInasauievavasusounywda
n5293uUldl [15] iananizdrunaulalunisfinauagyilvimsuanuens wazauninewes
UaoU Anasnsdussuureyedlafauns (2.1)
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Junmsanadvuinaifinnuedeuln lasnszuiunsatagudnvusiau
PnenTarewas IS sudidenldrulunisussianan ndyaile 1
NuAdenarsaulunsiisnsmuiamnisivavsesuadluldnuauunuaziFonlainduis
flugrudagnandulag Hom. And Schunck [16] lneifunisiianeganulisuutasmes
muduveauasmelunmlasiinislnavesnasazusznaulufsruin uazfienisuesniiy
WufiBsusums Seauufgiuiiugiunssnaiefunmsiedeuiivesdniiduuasaing
demnnmesvasnmadoulm lasunfinisduaagyimeldauism 2 dofe Tgaelu
amaylifinsidsuulasmnunduvesuasuazaiilndiuedeuiindroadaiu anauuisiu
fudeiliAraunisunsgulunsdruimnisinavesnasiniuialdn Optical Flow
Constraint Equation n1smnisluavesuasiuduisfiiussansamlunisnsaduingid
madeulm fMedinmsinsgiannisasuulamesnnudunasnieludifu G
duvesuasiuAsuiuriaazasnnuidiuaayinGy uayliavesnisivavesuasnguuesing
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aauluan
3. desiansznuvienseunn [udesiiAntu wagAuanedrammiafingg
WasuuUaseadeannndt 40 i
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2.3 uunAaiugunaiuanuiasduluug
nsyudeya Wnenisldanuiisidumungueaud Tunisadaluwmanis
Seusanuduiusseninmadnuazwuiuianssuiugu waeanuuizduresfianssy wis
Tluduunfanssunugu

231  anuiazndy
lungevesmnuiiazifududsiiiauls wasiluddiig@nwidenisvmsu
wnfign As auurazduiaziinunnisel wie lonianaziinmgnisel iaddlanvnsu
Hesnanmansiuanuinzlu fezdamnnisal sxdudiavenladn wnnsaiviedad

mavaulatuiilonanaziinduvseliiiavuinntesdiods [18] Aruiiaziluvesngnisal
(Event) Azdennnosiudanatdsioluifauns (2.2)

IIUIUHATNEVDILMFN 170

ruuaziduveanamsal = (2.2)

Frurunadvsianueidulule

2.3.2 ﬂg%aﬂtué (Bayes’ Theorem)

maenuhasduiinzfiamanisal A lensivanuinasduvesnnnisal
Bu o MAgtos Aensiuaruiiasidu veumnnnisel By, By,..., By satuauiiasiluiag
Anmanisal A JmnlanAtadediadivin ves P (A | B) Fawsazinauazgnatsdmineiey
P (Bi) [19] minuasdsfinaniunludnssiu Tumnanssdiudnu aziulandustauulmvgnisal
Al Antuuds wazaulaszmearuiisidunaziiamnnisal Bi lsiazmailaegils A
@ 1 ‘&’ v a & ¥ ¥ £ 1 b4
Judaym wiail isanunsalinguiudidmnuidymdsnanila [20]

° o 2 ¢ Y 2 & ° o

VWA By, By,..., By lWUmRNsalkenfulagiinu1avianun wazfmual A
Judnmgniseintiaiiindu lne PA) > 0 agldnauns (2.3)

P, Pla,) ] P, PlaB,)
PIC! )P(A|Bi) P(B, )P(A|B1 J+..+P, )P(A|Bn)

(2.3)

PlB )=

= a o =] v 14 [J v A
‘ZIQIUQ']U'JQEJSUUULU‘LJﬂ?ﬁLLﬁl%ﬁiy}M']%@Nﬂﬁﬂ’JﬁJﬂ’]iﬁﬂLLUﬂﬂigLﬂVISUEJJJUﬁVI

. D

Hadnsteyawuuliseilies uazannsnwiAuaiismsuunUssinnteyauuuliiseliied

o

feulflutlagiuiifuisnsuuudesuuiieugndesuazusiug: Ao BnmaFeudiuud
(Bayesian Learning) [21] ifuiBn1si3ousiilinguianuinasfu Seiftugruanainngu]
yoaLud(Bayes theorem) Wuntaglunisioud yasjsmneiioadrdlumaiiogluguuuuan
handu Faduafituiinldnnnsdans vnduilweauwnhauigiulagndesiian lae
Tgmnuinsdudiungie dedfe naunsalddeya wasanudneunindiundeluns
Seusle
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2.3.3  FPmsissuiuvuiud

msBeudiuuivg Wumeadeildnguianmhasdumungueaud (Bayes’
Theorem) oM iraunfgiulauiazgniesiian Tngldaiiutiaziduneunin (Prior
Knowledge) I araninazifudmivanuigiunia 9 sadudeya 1wu anuvezidud
Funalddmivaunigiunis q Wemaunigiuiafian Judu nsiFouduuuiudende
nEnn1svean1sEmImanuan duvesusazauuis [22] Quiddermadmnenie
wadnsnnsviiune) TaensSeuiuuuiudifunsSeuiifiald Wesandedslminlsungn
thandiudagunisuanuasdeiinadeniaiin vie ananunirasidu iliiinisiFoudd

<
Ao

Wasuld 3mstifuuuazgnuiuvasulunuiegdwmifldlasnuantuanufifuid
msinememaneesieslimnuihasdunnianvemnanniigiu

PNgeveud I@nsamuInANuiaziuvesaunfgiuaie 9 lngld
dun1s (2.4)

P(Dh)*P(h)
P(D)

P(hD) = (2.4)

Muals

D unwdeyafithunldlunisiuunisuanuaseuiinazdu Posteriori
probability ¥asauu@giu h fia P(h|D) mumge)

P(h) Ao anutazilunountnvesaunu@giu h
P(D) Ao Az duredyndietns D
P(h|D) Ao Authazifuves h e} D
P(DJh) fie Aui1awiduves D Lﬁ'aé’ h
234 msEdeEunIsuunAInsIINugL

dedluaraagneluusniaulasszansayuegnanssuiyanafiigg
nszviegladaaunis (2.5)

P(Anunuziduvestoya|ianssu)xP(fansu) (2.5)

P(ﬁ‘\]ﬂiill‘5?1‘[9&43[&1"14%@\1%}8@”8) =
P(fnwaziiuveItoLR)

1NNAIUTUTIANTAYIIUEAINTTUTRIYARaNEluTRdlAsdLNARIN
anwaAurestayaiuananszyil egslsimumanisaintiunldlunsyihnesesaenndes
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U SalNayinwg Wefasanmunguuetud Lavauauy

nanualunaudiy 9y
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%
ARSANNIT (2.6)
\P(F, |Activity XP(F, |Activity Jx..xP(F, [Activity kP(Activity )

(Activity\ﬁ,Fz,...,Fn ) N (2.6)
12200

lumsdnuenUsziandeyadmsumansalle q duduegiuan P(Activity [F1,

F2,..., Fn) lagagdnagludszianla 9 Wevinle P(Activity |F1, F2,.., Fn) fiAngean 3amn

Aanssuiiuguifianuhasduinngs defduuntssinwuuudle aunfindmuneves

o N a L Aoy Y ! U (% =

N5IMUN A AINTIUVeIYLY (A) lngnildoyanmanvuziauaIndIngIadu (fL2, . fn)
15199IN TN AIAUUNITUTBININTIUVBIYBENTRINTIIN 4 Veuz iy Ao

o)

plf, f,.f )

euuaziluesianssy p(f1 o f

(2.7)

\ & =
mmmmlﬂumﬂ’qm aj (— A

Taedl f; luaunisidudvesnnautd A Wudavesssinnierdulld
Yo9ANNIT (2.7) uansmsmUssLaiiiianuesfiogns imaenuiiauntsildaulalldesnad
UseAnEam LlesaniinsAiuaneues PR, f,.., fla) ¥lvieandruinunniitellédend
indodeluideadn Aduduimmzidlraneudd f udazavesiegadamdululs 10
A1 wagAuanTRnmuad 10 § 1519gldfidEU f, £, f, Ilululdisdusiniy 101
sULUU Bemneauinndosndiegnaisiu 10§ Ssezilemanuguuuunis 1 ves
a1an..... an Vi SalngUssana femideenislien P f.. folay) fimnuddeiodeada
s fiagtannndt 1010 Fsaneih Fannsagvdaesnad uausnuu AU Y
lilsaslumsUfin idsdesnslinnadiazdnna P, .., fla) WleludeuFos

AUNAFIUVDIITILUNUTLANUGRENIY B LivrualinuanURkdazea
Hudasy fugantidu 4 Jehliimasnsadeuwny P 5, f.la) MEYHARNNYDIAIAIY
ihasduimeanldineia

P(f1 B PN

aj)zﬁ P(fi‘aj) (2.8)

Tnedt 1 vnefanisuinen P(fla) Hovumsnguiu n1sldaunfigiuaniulady
sofuaztieliisdunmarinisdulugesi (2.8) 1Hetu msgauasdures f
dled a mildiend wu razmauindiniadiugenn dviienn uagldldladuluiunn
winaglndviolil Wudu delumglugrudoyaervseilentanudoyaiifeasusis 4 andl
fovunn q viiesedliiuiumetnanneummaisnuteyafidinssmumudesns w
fusuenauanifooniniu 1wy maunudimafilufiodns viemeuiilililadudy
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Multi-sensor Data Fusion Model Based Kalman Filter
Using Fuzzy Logic for Human Activity Detection

Nattawut Wichit and Anant Choksuriwong

Abstract—The performances of the systems that fuse
multiple data coming from different sources are deemed to
benefit from the heterogeneity and the diversity of the
information involved. In this work a novel Multi-Sensor Data
Fusion (MSDF) architecture is presented. The estimation
accuracy of the system states is reduced dramatically. Therefore,
applying Kalman filter to generate the importance density
function has been introduced to improve the performance with
slightly increasing the computational complexity. In this paper
we propose a new Multisensor based activity recognition
approach which fuzzy logic fusion sensors to recognize Human
Behavior. This approach aims to provide accuracy and
robustness to the activity recognition system. In the proposed
approach, we choose to perform fusion at the Feature-level.

Index  Terms—Kalman filter, information fusion,
multi-sensor data fusion, fuzzy logic, human activity detection.

1. INTRODUCTION

Surveillance and observation of human behavior in the
home are much more developed. To reduce accidents that
may occur at any time of the residency. Especially the elderly,
who are able to support themselves with less so there needs to
be used to monitor and observe the behavior of the residents
in the home [1]. However, at present the accuracy of the
method used is not enough, there is no flexibility on the
obstacles. This is because the information is not enough to
make the decision to expand the concept to catch up [2]. For
each sensor, which is placed in the position and form of the
different sensors to collect data. The sensor on the data is not
sufficient to decide the other sensor. Data and help increase
decision accuracy. The total amount of data is called Data
Fusion Model was originally created for use in the military [3]
in planning decisions for the opponent and the location of the
enemy. We are thus presenting a survey of the existing
methods to outline how the combination of heterogeneous
data can lead to better situation awareness in a surveillance
scenario. We also discuss a new paradigm that could be taken
into consideration for the design of next generation
surveillance systems with the can be divided into three levels.
We list several multi-sensor data fusion applications and their
architectures.

Several fusion process models have been developed over
the years. The first and most known originates from the US
Joint Directors of Laboratories (JDL) [4] JDL model
involving broadening the functional model, relating the
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taxonomy to fields beyond the original military focus, and
integrating a data fusion tree architecture model for system
description, design, and development. The data fusion
approach based on Kalman filter adaptive Fuzzy logic. Fuzzy
logic is a logical based on the fact that all the real world is not
certainty. The concept of multimodal of data fusion is from
multiple sensors for human behavior detection.

II. KALMAN FILTER ALGORITHM

Given a discrete-time controlled process described by the
linear stochastic difference equations:

Xp+1 = AxXp + Brug + wy (1)
Zy = Hyxp + vy 2)

where k represents the discrete-time index, x; is the system
state-vector, uy is the input vector, zx is the measurement
vector, wg and v are uncorrelated zero-mean Gaussian white
noise sequences with covariance matrices Qx and Ry
respectively; the Kalman filter algorithm can be described by
next group of equations [5]

Correction
(Measurement Update)

Prediction
(Time Update)

1) Project the state ahead 1))

2 X Compute the Kalman gain
X, =AX,_; + By

Ky = PgH'(HPHT + R)™
2) Project the error

covariance ahead 2)

Update estimate with
Py = AP, A" +Q

measurement 7
B = X + Ki(z — HXY)

3)  Update the error covariance
Py = (- KHPE
Fig. 2. Kalman system.

where X, represents the estimate of the system state vector x;,
P, is the state-estimate error covariance matrix, and Kj is
commonly referred to as the filter gain or the Kalman gain
matrix. From time step k to step k+1, the current state and
error covariance estimates to obtain the a priori (indicated by
the super new measurement into the a priori estimate to
obtain an improved a posteriori estimate [6].

The term H, X, is the one-stage predicted measurement 2y,
and the difference (z, — HX;).The Kalman filter algorithm
starts with initial conditions at k = 0, being X and P, . With
the progression of time, as new measurements z, become
available, the cycle estimation-correction of states and the
corresponding error covariance can follow recursively ad
infinitum.
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Fig. 1. Data fusion model.

III. ARCHITECTURE AND Fuzzy LOGIC

Our approach is fuzzy logic to combining multi-sensor
(camera, passive infrared, acoustic, and pressure and contact
sensors) to improve the recognition of human activities [7].
Fuzzy logic comprises 3 main process, (1) fuzzification, (2)
Rule inference, and (3) defuzzification.

Fuzzy sets that have been already determined. In contrast
to classical logic where the membership function u(x) of an
element x belonging to a set A could take only two values:
uy(x) = 1 if xeA or us(x) = 0 if xg A, fuzzy logic introduces
the concept of membership degree of an element x to a set A
and u,(x)€[0, 1], here we speak about truth value. Fig. 3
shows the main fuzzy inference system steps.

Knowledge

uzzy

Crisp

Fuzzification

uzzy

Fig. 3. Fuzzy inference system steps.

There are used our human activities recognition
which are:

systems

A. Fuzzification

First step in fuzzy logic is to convert the measured data
into a set of fuzzy variables. It is done by giving value (these
will be our variables) to each of a membership functions set.

B. Fuzzy Rules and Inference System

The fuzzy inference system uses fuzzy equivalents of
logical AND, OR and NOT operations to build up fuzzy logic
rules. An inference engine operates on rules that are
structured in an IF-THEN format.

C. Defuzzification
The last step of a fuzzy logic system consists in turning the

fuzzy variables generated by the fuzzy logic rules into real
values again which can then be used to perform some action.
There are different defuzzification methods in our platform
decision model can use Central of Gravity (COG) that
popular today in the equation 3.

Rule
Strength

IF THEN

/\\ /.IEl .................. ¢ i s A ;

B F

Input
Distributions

Output
Distribution

Xo Yo

Fig. 4. Rule mamdani with crisp input.

oG = Syl
?:1 ua(x;)

(3)

where x; (i = 1, 2... n) arrive the maximal values of u,(x).

Iv.

Our approach consists in combining the measurement
streams with the contact information to improve the
recognition of elderly activities [8] (Fig. 4);

This approach has three main tasks:

» The first task consists for the vision component in
detecting and tracking people and to recognize
predefined video events. For instance, a typical video
event is a person sitting down on a chair.

* The second task consists in acquiring sensor streams, in
filtering them and in recognizing predefined contact
events.

PROPOSED APPROACH OVERVIEW

451



68

International Journal of Information and Flectronics Engineering, V'ol. 5, No. 6, November 2015

» Finally, the last task consists in combining the video
and the contact events recognized by the previous tasks.

Feature Extraction

Decision Making

z T State Estimation
‘ Video —'l Roskion (Kalman Filter) I

|

v

‘ sound 1 type
Sensor
‘pressure | on/off I ity
(Fuzzy Logic)
| PR { motion
‘ contact l On/Off’

Fig. 4. Approach overview.

The input is the video frame, and the output is the tracking
result for each object in the frame. First, the system does the
background subtraction and the foreground objects are
extracted. After that, for each object that has already been
tracked in the previous frames, the Kalman filter prediction is
performed. The next stage is to detect whether the object is
under occlusion or not. There are a few criteria to determine
the occlusion situation. If it is not, the segmentation result is
dependable, so the segmentation result is selected as the
corresponding measurement.

1 Microphone
Pressure
@ #4  Contact Sensor

[
()

Fig. 5. Overview of multi-sensor in home.

Otherwise, we utilize multiple kernels tracking from which

we get the multiple measurements and apply probabilistic
data association. By using the measurement either from
segmentation results or the multiple kernels tracking results,
we are able to update the Kalman filter and display the
tracking result.

TABLE I: Fuzzy SETS DETERMINED

Membership function Composition

1P camera sensors Position

Acoustic sensors Open-Close Door, Knock

Passive Infrared sensors

present, absent

Pressure sensors

on, off

Contact sensors

on, off

From Table I, subsystem five inputs are built. (1) camera
sensor the position classification in home, (2) Acoustic
sensors, (3) Passive Infrared sensors use to movement
detection in area, (4) Pressure sensors to measured pressure
levels on chair, table and bed , (5) Contact sensor use to
in-out the door detection.

The next step of our fuzzy logic approach is the fuzzy
inference engine which is formulated by a set of fuzzy
IF-THEN rules. This second stage uses domain expert
knowledge regarding activities to produce a certainty in the
occurrence of an activity. Rules provide the recognition of
common performances of an activity, as well as the ability to
model special cases. The output of human activities
recognition such as sitting, standing, sleeping, walking, and
in-out the door. A code was developed in the MATLAB
environment and simulations were performed [9]. The
example below represents the tested model. An example
fuzzy rule for human activity detection is:

Video - 227 icraphore - 0 PR-1 Contact -0 PressursA - 0 Pressured -0 PrassureC - 0 pr—
N ] J — | T | e | A
: [ A | = | - =] (A |
o | | il [ | = | [ /]
N N | 2 | I 3 il s = | | /]
s [ | | . J | ¥ |
s [ A | ™~ | — | T | [ A |
r [ | = | e = | | |
T B —— = . (A
o | L= ] . ] .| T | AN |
N | ] | ~ = | A ]
[ | . | — e e | LA |
= | N ] — | = ] /% |
s [ | - | —— - — e | [/ |
= | /] - | _[w'""’-—r-, | ‘\‘ . | | 2N
0 5 2 o 1 1 E

Fig. 6. Rule of Fuzzy set activity (walk).

V. CONCLUSION

In this paper a suitable scheme for Multisensor fusion
using Kalman filter has been proposed. This approach takes
the advantage of Kalman filter optimality improved real-time

452

performance [10]. A set of Kalman filters with different
measurement noise covariance matrix around the adapted one
is applied to have a statistical measurement for each sensor.
The main advantages of the present method consist of the low
computational from the characteristics of fuzzy logic system.
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This approach allows the easy combination between data and
adding other sensors. The fuzzy logic decision supports the
secure detection of elderly. Finally, the based multi-sensor
data fusion is able to extract the measurement data with
higher precision in real time. The architecture is effective in
where there are several sensors measuring the same
parameter and each sensor measurement is contaminated
with a different kind of noise. This work has applications in
the development of smart structural health monitoring
systems, robotics, controls, biomedical imaging, and target
tracking. Moreover, it reflects the efficiency and feasibility to
real-time circumstance measure and data processing in a
system condition monitoring and measurement.

Fig. 7. Behavior detection (walking, sleeping).
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