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Abstract

The paper presents a development of emotion recognition system which can detect human emotion in real-time
leveraging information captured from human body’s electromagnetic (EM) signals. A new model of controller
framework was designed to embed the emotion recognition module which was evaluated on a robot-assisted
rehabilitation platform. The framework is based on hybrid automata model and used to govern the suitable
trajectory to deploy by the robotic platform in assisting rehabilitation therapy. The result of the new controller
design demonstrates the efficacy of the approach where emotion of the subject is taken into consideration in

switching the rehabilitation tasks.

Keywords: electromagnetic (EM) signal; Human Machine Interaction (HMI); rehabilitation; robot-assisted

platform.

1. Introduction

Human Machine Interaction (HMI) is also known as
Man Machine Interaction (MMI), or Human Computer
Interaction (HCI). It is generally defined as a kind of
interaction or communication (verbal or nonverbal)
between human and machine that assist in the
performance of human task. Machine is any mechanical
or electrical device that transform mechanical and

electrical energy into another functional form [1]. The
development of HMI based applications has become a
significant phenomenon in 20" century due to the
interactive platform provided to govern the operation of
the machines. For instance by clapping hands, a simple
lighting system can be controlled more effectively.
From a small home appliance to a huge production line
in industry, HMI has also proven to increase the
efficiency and productivity of the existing systems [2].
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The idea of embodying the human emotion into
health-robotic system came since research findings on
emotion-health connection involving 150 thousand
people from 142 countries claimed that human emotion
has a direct impact on their health [3]. Hence, scientists
in the field of HMI have developed robots called
Socially Assistive Robots (SAR) that can understand
people’s emotion and synthesize a proper response to
that sentiment. In SAR, robotic systems integrate
psychological aspect to achieve high quality of life
through personalizing social interaction with human
being [4]. The system is capable of evaluating the
emotion of humans rather than only making some
physical contact between them.

The needs of SAR system in recognizing human
emotional state is crucial to ensure the user will have an
ultimate confidence and feel comfortable in using HMI
application especially for health applications such as
rehabilitation robotics [5-7]. In [8, 9], NaO robot was
developed with the ability to detect human emotion
through body language
reciprocate the information, before conveying different
type of emotion such as anger and happiness through its
robotic body.

and facial expression,

Fig. 1. Example of SAR: NaO robot (Adopted from [7]).

In the field of HMI, the emotion of human subject
plays crucial roles in allowing the robot to react
accordingly. It is reported that the impact of students’
cognitive emotions during interactions with different
computer-based learning environments can be rather
frustrating than boring [10]. Thus, it is essential to
observe the mental health of the subject for HMI

application as it could affect the self-confidence of the
subject and recovery period [11] through their emotion.

A paradigm of emotion-sensitive robot for HMI is
vital to lead a natural interaction between human and
robot [12]. Recently, the use of robotic systems to
rehabilitate disabled patients is becoming prevalent [13,
14]. This system is able to complement the manual
rehabilitation technique which uses human as the
therapist and has proven to be effective to a large
segment of patients. The approach is capable of
reducing the cost, providing efficient time management,
and administering continuous monitoring in which
recovery progress is also quantifiable. In addition, for
post-stroke patients, under recovery, an economical
rehabilitation robot is very important to be placed
nearby such as at home so that they can always undergo
rehabilitation exercise in the absence of human
therapist.

Previous researches focus on physiological aspects
of human subject and operation of the machine
separately. In bridging this gap, the gate for some new
research improvement is opened to increase the
effectiveness of the existing system by integrating both
aspects. In this research, an emotion recognizer is
developed for the rehabilitation robotics application. It
is envisioned that the complex task in the conventional
rehabilitation process by a human therapist can be
assisted by the robotic system that is naturally
responsive to the emotion of the patients.

The application of HMI specifically for rehab
application is not limited to the embodiment with
emotion recognition system only, but it can be
integrated with other system architecture as well. For
instance, admittance controller was employed by
Loureiro and Harwin [15] in developing a Gentle/G
integrated  system for robot assisted stroke
rehabilitation. In the nine degree of freedom (9 DOF)
system, the controller was used to adjust the speed of
the DC motors for rehabilitation activity based on the
measurement of the patient's force input. Another
system which was called PHYSIOBOT platform was
developed to relate the psychophysiological feedback of
the patient in a virtual neuro-rehabilitation task. The
mechanism was controlled by a multiple input-single
output Takagi-Sugeno Fuzzy logic inference system
(FIS). It was operated to give several commands to the
robot output which was translated into the degree of
assistance in changing the spring stiffness (K) on the
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admittance haptic model. The input signals for the
system were based on the galvanic skin response (GSR),
skin temperature (SKT), and ECG data input signals
from the user [16]. Another application of HMI is the
novel hand rehabilitation robot named HIT-glove [17].
The system was able to assist in rehabilitating the stroke
patients especially those with severe hand impairment.

The limitations of the previous HMI researches
listed so far has been the absence of structured model
(ie: no system model-based analysis) used to embody
the emotion into rehabilitation systems. The structured
model is essential for each controller to evaluate the
stability and reachability of the system developed.

Overall, this paper comprises of four sections.
Section 1 discusses the background of Human-Machine
Interaction (HMI) applications. It justifies the need of
the psychological aspect of the human subject to be
programmed into the machine control system, problem
related to the existing emotion recognition system and
the approach taken to overcome these problems. Section
2 explains the development of emotion recognition
system design. This includes the discussion on the
experimental setup to induce the emotion, the
verification technique, the method used to classify the
dataset and the structure of hybrid automata to represent
the system controller. Section 3 elaborates the results
and analysis of the system followed by Section 4 that
concludes the findings and some recommendations for
future work.

2. System Description

The emotion recognition system for Human-Machine
Interaction (HMI) specifically used for the rehabilitation
robotic platform is shown in the block diagram in
Figure 2 where each of the blocks is labeled and
discussed in the next paragraph.

Position
& Speed
1 the
. Discrete -
Emotion . Zipper Rohatic
Recognition Event System —— Flatform
System (DES)

Fig. 2. Overall block diagram of rehabilitation robot with
emotion recognizer system.

2.1. Emotion Recognition System (Methodology)

In order to develop the emotional state model, an
experimental setup was designed with a structured
procedure to invoke the desired emotion as shown in

Figure 3.

Subject in fathom-at
hand's position
(seated and wearing
headphone)

¥
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Data Collection of EM wawe's
reading starts
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a Ha
Tes

Fig. 3. Steps in data collection for emotion modeling.

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors



A.S. Ghazali et al. / Emotional State Model

The experiment was conducted in a controlled room
with 20°C. There are 21 healthy subjects randomly
chosen from International Islamic University Malaysia
(ITUM) Gombak and Kuantan campuses. The audio-
visual materials in inducing subject’s emotion are
compiled from International Affective Picture System
and video sharing website [18]. The efficacy of audio-
video stimuli to invoke the desired emotion has been
reported in [19, 20].

Basic emotion models consist of the fundamentals
human feeling namely anger, joy, sadness, surprise,
boredom, disgust, and neutral [21]. Since the model is
limited by a number of fundamental human emotions,
the theorists had to hypothesize the mixing of the basic
emotions into another type of emotion blending. The
emotion blending must consist of more than one
fundamental emotion as listed before. For this research,
there are two fundamental emotions and only one
emotion blending is being considered. The two
fundamental emotions are happy (joy) and sad, while
the emotion blending is nervous. Meanwhile, natural or
calm emotion is being considered as a default emotion
for the hybrid automata system developed. The other
type of emotions is under the future study of this work.
The crucial role of emotion in the control of
rehabilitation system stems from the fact that current
system only deals with physiological aspect of the
subject [22].

The psycho-physiological aspect should make the
system more adaptive and could mimic the human
therapist who requires to access the emotional state of
the subject before any session of rehabilitation therapy
begins.

There are 3 sessions for each subject marked as ‘a’
in the Figure 3 flowchart representing 3 types of
emotions under study as mentioned before. A set of
electromagnetic (EM) signals from human body are
recorded by using Resonant Field Imaging (RFI™)
device. The efficiency of the device has been proved in
[23] to classify human health condition in particular for
smoker and non-smoker. In [24], there are 17 regions on
human body that can be used as measuring points for
determining human emotion. However, this works
consider only ten of them due to the fact that the
emotion recognizer is developed to be used in the robot
assisted rehabilitation platform for post stroke patients
specifically. These points are both left and right head,
arms, palms, thighs, and forearms as denoted in Figure

4. Tt is then used to model the relationship between the
EM signals dataset and the corresponding emotion; with
calm emotion set as the
constructed system [25].

default emotion for the
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Fig. 4. Point of interests (POIs) for EM signal acquisition.

By utilizing Waikato Environment for Knowledge
Analysis (WEKA) programming [26], the dataset is
being tried on a few classifiers, for example, Attribute
Selected Classifier with a precision of 70%, Decision
Table (74%), Naive Bayes (68%) and the Multilayer
Perceptron with 52%. Bayes Network (BN) performed
the best with the most elevated classification precision
so it is chosen as the classifier with a Simple Estimator
calculation in looking the contingent likelihood tables.
Tenfold cross approval is chosen as the test alternative
in this exploration.

The BN is fit to give reasoning under vulnerability,
evaluating convictions for theory variable, and steady in
joining all data from different sources [27]. The
Bayesian classifier assumes the attributes to have
independent distributions and the theorem for the
classifier is given in Eq. (1) and Eq. (2).
p(dile;) = p(dilg) * p(dalc;) * p(dsle) ey
where djis the features (10 points EM signals),

¢;is the class (emotion),
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F1:10
F1:3

p(cld) = p(d|c) = p(c)/ p(d) (2)

where p(c/d) = probability of instance d being in
class c,
p(dfc) = probability of generating instance d
given class,
p(c) = probability of occurrence of class ¢
p(d) = probability of instance d occurring

From the experiment, the result shows that the
system is able to recognize the right emotion at the rate
of 90% accuracy and 80.6% precision by using
Bayesian Network classifier.

The GUI provides a display and a manual input as
illustrated in Figure 5. It can only provide parameters
for the control system and cannot perform any
automatic coding. To use the GUI, the user has to be
defined and the set of 10 EM signal values have to be
keyed in. The trained BN classifier is then executed to
classify the emotion. The emotion s then coded into

LA ks

value that is later passed to the hybrid automata system
to control the rehabilitation robotic platform.

As the last step, the new coded dataset value is
customized into the chosen -classifiers before the
matching identical emotion and its relating hybrid
automata code are shown as the yield. The hybrid
automata code is the coded value that is passed from
GUI to Stateflow to administer the rate or speed, and the
direction of the end-effector of the rehabilitation robotic
platform. For instance, Code 1 shows that the subject is
in sad feeling. On the off chance that the client is in
nervous feeling, Code 2 is shown while Code 3 is
assigned for happy feeling. A default feeling which is
calm is marked as code 0. "Reset" catch is utilized to
initialize the EM signal values at all POI to be zero.

In confirming the emotion prompted during the
experimental session, toward the end of every varying
audio-visual session, the subject is given an
arrangement of questionnaire [28]. The questionnaire is
made out of 2 sections which are demographic
information of the subject and a Likert Scale of 4 for
every video session. Details of the questionnaire can be
found in Figure 6.
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Fig. 5. Graphical User Interface (GUI) for displaying appropriate emotion.
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APHICS DATA

1. Gender:
2. Level of Study:

[PART I: DEMOGE:

Please tick (") your details in the boxes provided.
3 nate
[ VUndergraduate (UG)
] Postzraduate (FG)

[ Female

NS

After watching the video for each session, please answer the following questions.

(a} How do you feel? Please circle the correspond degree of sadness on the Likert Scale below.

Session 1: Sad

ot Sad At ATl

o

Cruite Sad ad Very Sad

2z 3 S

(k) Please indicate () your feeling if you are “Not Sad At All".

Calm

[ [ Amaze |

Happy

| Nervous |

|
Other feelings (please specify):

Session 2: Happy
(a} How do you feel? Please circle the correspond degree of happiness on the Likert Scale below.

Cite Happy Very Happy

Mot Happy At AII
@ o PRY
¢ T

Z 3 ES

{b) Please indicate (/) your feelmg if you are ‘Not Happy At All".

Sad

[ [ Amaze [

Calm

| Nervous |

Other feelings (please specifi): ...

Session 3: Nervous
(a) How do vou feel? Please circle the correspond degree of fear on the Likert Scale below.

Hot Nervous At
Al

2

Cuite Nervous Hervous Wery Nervous

= T

Z 3 ES

{b)} Please indicate (/) your feelmg if you are “Not Nervous At All".

Sad

[ [ Happy |

Calm

| Amaze |

Other feelings (please specifi): ...

Fig. 6. Questionnaire to verify the subject’s emotion

2.2. Robotic Platform

In embedding the emotion into Human Machine
Interaction  applications, upper  extremity
rehabilitation robot is utilized to test the system via
hybrid automata as the control system. There are four
major parts of the rehabilitation robotic platform system
consisting of rotational axis actuator, linear guide or
locking mechanism, linear guide actuator, and gripper
as depicted in Figure 7 [25].

The affected subject's arm is put on the platform
then the linear actuator help the movement of the arm
forward and backward repeatedly by using brushless
DC motor. Impact of stroke generally shows up on one
side of the body where amid the rehabilitation method
of the influenced limb (i.e. arm), the unaffected one is
held constraint. The system of the rehabilitation

treatment through arm movement is appeared in Figure
8.

an

Fig. 7. The robot assisted rehabilitation platform.
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Goal Position

Home Position
Fig. 8. Demonstration of the affected arm’s movement

during treatment.

2.3. Controller Modality: DES

Figure 9 illustrates the block diagram of emotion
recognition system embodiment into the rehabilitation
robotic platform via hybrid automata system [29].

——
Emotin | oo [ Hybril | con | Rehabiitation dimston
Recognition Automata Robotic
System from System symbol Platform (plant
au syabal)

Fig. 9. Emotion embodiment into rehabilitation robotic
platform

The output from the emotion recognizer is being
classified and coded by GUI before the hybrid automata
system use the coded emotion to give several commands
to the robotic platform in controlling the speed and
direction of the gripper movement. Syr; represents the
state and the control symbol for each mode and x;
represents the plant symbol of the system.

The controller modality for the robotic platform is

Discrete Event System (DES) as elaborated in Figure
10.
The controller developed for this project is divided into
3 major parts which are high level controller, interface,
and low level controller (plant). The high level
controller is designed to control the designated discrete
input-output while the low level controller in plant is
used to handle the continuous input-output to the robotic
platform. The interface used to interchange both discrete
and continuous element in the DES is the robotic
platform, through its ability in changing the speed and
direction of the gripper based on emotion detected.

High-level Controller

Decision

Progress monitoring
Event detedion &)

making [#]

Flantsymbol

%]

Controlsymbaol

i#
Interface

Flant input

Lowi-lewel controller

Humanstate
information Fobotstate infarmation

Plant

emotion

Fig. 10. Controller modality for robotic platform with emotion
embodiment.

For the developed system, the input-output discrete
elements are the emotion of the subject and the control
state commands via hybrid automata system whereas,
the speed and position of the gripper movement is
labelled as input-output continuous elements [30].

A set of the discrete inputs for the hybrid automata
model is the EM signals from the POI which are
eventually classified into particular emotions while the
continuous input is the desired speed of the
rehabilitation platform. The basic representation of the
hybrid automata model of the system is shown in Figure
11 where S; represents the initial state. The automata
can be described in 6-tuple as follows;

(i) Control states, X= {S;, S5, S3, S;, S5, S, S7, Ss,
Sg, S](}) S]]}

(i1) Plant symbol, 2= {x;, x5, X3, X4 X5, X4 X7, Xg, X9,
X100 X115 X120 X13, X145 X715, X160 X17, X185
X190 X200 X215 X225 X23, X245 X25, X26,
X7, X2, X290}

(111) Control SymbOl, ZG: {l"], Vo V3, ¥y Vs, Vg, V7, Ig,
9, F1o, F11}

(iv) Transition function, /= {f{S,x,)=Ss f{(Ssx2)=S,
J(S7.x3) =S, f(Ss,.x4)=S7,
J(87.x5)=Ss, f(Ss,%6)=Ss,
S(S6x7)=Ss, f(Ssx8)=S11,
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J(S7.x8)=S11, f(Ss.x8) =511,
J(89.x8)=S11, [(S11,X9) =S,
J082.x10) =83 f(S3,x11) =S4
J(S4x12)=S3 f(S3x13)=S>,
JC52,%1) =S4 f(S4x15)=S>,
JC52,%16)=810,/(S3,X16) =S 10,
JCS4x16)=S810./(S5,X16) =S 10,
J0810%17)=S6./(S4x18) =S5
J(S5,x19) =S4 f(Ss5,%20)=So,
J(S0,%21)=Ss, f(S7,%22) =S,
J1S0,%23)=S7, f(S6X24) =S,

J(S0,x25) =86, f(S5%26)=S3,
J(83,x27) =S5, f(S5%28)=S>,
J(S2,x29)=Ss}

(v) Initial state, X,= {S;}

(vi) Final state, X,,= {S;}

/
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Fig. 11 Hybrid automata model.

Two types of symbols are used in the hybrid
automata which are plant symbol and control symbol.
These symbols are employed to represent the task
assigned to the rehabilitation platform in changing the
speed and direction of the gripper based on the emotion
of the subject. There are eleven control states or modes
described for the rehabilitation platform. Each of the
modes represents the dynamic evolution of the system
(i.e. speed, direction, and subject emotion) given
different desired speeds and directions to follow during
the rehabilitation session. The transition between modes
is allowed once the guard condition (i.e the type of
emotional state) is fulfilled.

The continuous set of platform dynamics is

governed by the discrete type of emotion. The intention
in controlling the speed and direction of the platform
movement is to mimic the human therapist in changing
the rehabilitation tasks based on the emotional state of
the patient. Thus, the system is able to act more
naturally in autonomous form.

The input to the system is the emotion, E. The
position of the gripper, X(m) is acquired from the
potentiometer reading, from which speed, v of the
gripper (cm/s) and the direction, dir of the gripper
movement are derived. The wanted speed that is set for
the gripper to move relies on upon the automaton that is
activated by the separate feeling. It is expected that the
subject is at default state when he/she is "calm" with a
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set speed of 0.833cm/s. For the other emotional states
the speed is set appropriately. For instance, the most
extreme speed of the platform is set when the subject is
happy, since the patient could give greatest attention
regarding the rehabilitation session whereas the base
speed of the gripper is set when the subject is sad. For
this emotional state, the subject may give practically
zero concentration throughout the rehabilitation therapy
session. The moderate speed is set if the subject is
nervous in which case the subject give partial attention
for the rehabilitation session.

The operation of the system is described by different
tasks in which the linear actuator or gripper moves at
different speeds and directions when the affected arm is
under rehabilitation session. In describing the hybrid
automata model, the control symbols or conditions of
the modes, control states or modes, and plant symbols
of the system are initialized in Table 1 to Table 3.

The sets of control states which represent the
patient’s emotion and direction of the gripper movement
is presented in Table 1.

Table 1. List of Control States and Platform Modes

Control State Platform Modes
State 1 (S1) Initial
State 2 (S) Intro Mode Back
State 3 (S3) Excited Mode Back
State 4 (Ss) Advance Mode Back
State 5 (Ss) Rilex Mode Back
State 6 (Ss) Intro Mode Forth
State 7 (S7) Excited Mode Forth
State 8 (Ss) Advance Mode Forth
State 9 (S) Rilex Mode Forth

State 10 (S10) End Forth

State 11 (S11) End Back

Sio and S;; denote the control state that the patient
arm has reached the home and goal position in the
rehabilitation trajectory. For example, in the initial state,
S the gripper moves backward until it reached the home
position at X=20 with the speed of lcm/s from any
previously rest position. The gripper then moves
forward to the goal position located at X=5 with
different speed based on the emotional state detected.
The speed is set to decrease whenever the gripper is
nearly to the end point in order to reduce the momentum
before the gripper switches direction as depicted by S
and S;;. The robotic platform’s operation continues until
a stop command is sent to the system. Each of the
control symbols, » produce a unique rehabilitation
treatment that mends to symbolize the different type of

task assigned as listed in Table 2. The tasks assigned are
different in terms of speed of the gripper’s movement
solely based on the subject emotion.

The plant symbols listed in Table 3 are generated
based on the information from position sensor
(potentiometer) of the robotic platform and the emotion
of the subject. It represents the possible evolution of
system dynamics which is speed and direction of the
gripper besides the subject emotion. The plant symbols
will change from one plant symbol to another plant
symbol only if it fulfills the requirement of the guard
condition of the hybrid automata model. It then
becomes the precondition before the transition between
one control state to another control state can occur [31].

Table 2. List of Control Symbols and Task Assigned

Control Symbol Task Assigned
n The gripper moves backward to home position
(X=20) with maximum speed of lcm/s
123 Subject is sad (speed:0.5¢cm/s and direction :
backward)
3 Subject is nervous (speed:0.667cm/s and
direction: backward)
4 Subject is happy (speed:1.0cm/s and direction:
backward)
rs Subject is calm (speed:0.833¢m/s and
direction: backward)
e Subject is sad (speed:0.5¢m/s and direction:
forward)
r7 Subject is nervous (speed:0.667cm/s and
direction: forward)
s Subject is happy (speed:1.0cm/s and direction:
forward)
) Subject is calm (speed:0.833¢m/s and
direction: forward)
10 Negate dir value (change direction from
forward to backward with minimum speed:
0.333cm/s )
i Negate dir value (change direction from
backward to forward with minimum speed:
0.333cm/s)

Table 3. List of Plant Symbols and Definitions

Plant Symbol Type of Emotion and Gripper position

(Xin cm)

X1 Gripper at goal position (X=20)

X2 Subject emotion change from sad to nervous
AND (X=5)

X3 Subject emotion change from nervous to happy
AND (X=5)

X4 Subject emotion change from happy to nervous
AND (X=5)

Xs Subject emotion change from nervous to sad
AND (X=5)

X6 Subject emotion change from happy to sad
AND (X>=5)
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X7 Subject emotion change from sad to happy
AND (X>=5)
X3 Gripper at goal position (X=5)
X9 Gripper direction changes from forward to
backward (5<X<6)
X10 Subject emotion change from sad to nervous
AND (X<=20)
X Subject emotion change from nervous to happy
AND (X<=20)
X12 Subject emotion change from happy to nervous
AND (X<=20)
X13 Subject emotion change from nervous to sad
AND (X<=20)
X14 Subject emotion change from sad to happy
AND (X<=20)
X15 Subject emotion change from happy to sad
AND (X<=20)
X16 Gripper at home position (X=20)
X17 Gripper direction changes from backward to
forward (19<X<20)
Xis Subject emotion change from happy to calm
AND (X<=20)
X19 Subject emotion change from calm to happy
AND (X<=20)
X20 Subject emotion change from happy to calm
AND (X=5)
X21 Subject emotion change from calm to happy
AND (X=5)
X2 Subject emotion change from nervous to calm
AND (X=5)
X23 Subject emotion change from calm to nervous
AND (X=5)
X24 Subject emotion change from sad to calm
AND (X=5)
X25 Subject emotion change from calm to sad
AND (X=5)
X26 Subject emotion change from calm to nervous
AND (X<=20)
X27 Subject emotion change from nervous to calm
AND (X<=20)
X238 Subject emotion change from calm to sad
AND (X<=20)
X29 Subject emotion change from sad to calm
AND (X<=20)

3. Results and Discussions

In order to study the efficacy and the performance of the
hybrid automata system, different case studies are
designed to reflect possible events that might occur in
the real setup.

3.1. Case Study 1I:
Simulated Inputs

Offline Simulation with

In the case studied, an offline simulation is conducted to
analyze the functionality of the hybrid automata. A
series of emotional states is set as the input to the hybrid
automata system in ‘Repeating Sequence Stair’ form as
shown in Eq. (3);

E=[1302231] 3)

where E=0 (calm(default)), £=1 (sad), E=2 (nervous),
and £=3 (happy)

The period for each emotion state is fixed to 10s as
correlated to a finding which claims that emotion is very
brief in duration and can change in several seconds [32].
Figure 12 shows the result from the simulation. The
subject is sad from point A to point B during a
particular rehabilitation therapy. Since the location of
the gripper is not reaching the home position (X=20),
the speed of the gripper is set to lcm/s with the
backward motion until it reaches point C. The speed is
set intentionally as part of the calibration process.

B H
, o
S D E F G
2 A W
g Norreus
£ A L I
EL{
1]
13
10
2 s
=
£,
%
7' A
e
i} 1o 20 E1) 40 0 a0 T
=
20
H D N o]
il - - H
] w
£ B \.1
!
i} 10 20 o 40 g0 =1] T
(AN
A E
g
= o
]
&
-1
[} n 0 1) 40 =0 =] T

time (3]

Fig. 12. Simulation of emotion, state, position, and speed
profiles for Case Study 1.
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Thus the emotion detected during this time is ignored
(i.e. state=S;). Point C shows that the subject has
reached the home position and switches the gripper
direction from backward to forward motion with calm
emotion (E=0).

The speed is set to -0.883cm/s and the active state is
So. While performing the task, it is observed that the
subject has shown a change in the emotion to nervous
(E=2) at point D, thus the speed is adjusted to -
0.667cm/s and S; becomes the active state. At point E,
the goal position (X=5cm) is reached to prepare the
gripper to negate its motion into backward direction.
Thus the state switches to S;; to adjust the minimum
speed value to 0.333cm/s in order to reduce the impact
of gripper’s direction changing and some ‘cushion’ on
the drastic change in the direction. At point F, the
emotion remains nervous (E=2). Without delaying, the
state switch to S; and the speed changes to 0.667cm/s.
Up to point G, the emotion detected is happy (£=3) and
this causes the state to switch to S, thus increases the
gripper speed to 1.0cm/s. As it reaches the home
position which is at X=20cm, the state S;, is activated,
thus negates the direction and sets the new speed to -
0.333c¢m/s as can be seen at point H. When the point I is
reached, the state profile is automatically changed to Sy
and the speed is set to -0.5cm/s in the forward motion
(E=1).

The case study proves that the developed hybrid
automata system works perfectly in the simulation
environment. The control framework is flexible and
effective enough to allow additional or deletion of any
state without the needs to redo major reprogramming.

3.2. Offline Experimentation with Simulated
Inputs

For case study 2, the same automata developed in case
study 1 is tested to analyze the adaptability of the
rehabilitation platform with the hybrid automata
developed. The sequence of emotion is given in
‘Repeating Sequence Stair’ form as shown in Eq. (4);

E=[3201231] 4)
where E=(calm(default)), £=1 (sad), E=2 (nervous), and
E=3 (happy)

The period for each emotion state is fixed to 10s. Figure
13 captures the dynamics evolution between the
emotion, the system state, position and speed of the

system. For the first ten seconds, which is from point A
to B, the emotion of the subject is denoted as 3 to
indicate happy emotion. regardless of
emotion, since the system is initializing, the gripper is
moving backward to home position at X=20 from the
previous resting position, with speed of 1.0cm/s. As the
gripper reaches the home position at point B for the first
time, the emotion is still happy (E=3), but the state is
now switched to Sg to prepare the gripper to move
forward at speed of -1.0cm/s.

However,
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Fig. 13. Simulation of emotion, state, position, and speed
profiles for Case Study 2.
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At point C while moving forward, the emotion is
switched to nervous (£=2), thus the state switches to S;
and the speed is made slower to -0.667cm/s. At point D,
the emotion switches to calm (E=0), prompting the state
to switch to Sy and the speed to -0.883cm/s while the
gripper is still moving forward until goal position. At
point E, the goal position is reached so the state
switches to S;; to negate the speed value. In order to
cushion the drastic change in the direction, the speed for
this state is set to 0.333cm/s (the minimum speed). Now
the gripper is moving backward to home position. At
point F, the emotion detected is still calm (£=0) and this
causes the state to switch to S5, thus changing the speed
to 0.833cm/s.

The state remains the same until at point G; the
emotion detected changes to sad (E=1). It causes the
speed and state changes to 0.5¢m/s and S, respectively.
At point H, the speed switches to 0.667cm/s indicates
the input emotion is nervous (£=2). It continues until
the home position is reached. As it reaches the position,
the state S;, is activated, thus negates the direction and
sets the new speed of -0.333cm/s as can be seen at point
I. At point J, the state switches to S, denoting the
emotion detected is still nervous (E=2) and the speed of
the gripper is set to -0.667cm/s.

At point K, the emotion changes to happy (E=3).
Without delaying, the state switch to Sg and the speed
changes to -1.0cm/s. At point L, the emotion detected is
sad (E=1) and this causes the state to switch to Sy, thus
increases the gripper speed to -0.5¢m/s. At point M, the
goal position is reached to prepare the gripper to move
backward. So the state switches to S;; to negate the
speed value of 0.333cmi/s. Finally at point N, S, is
activated (E=1) and the speed of the gripper is set to
0.5¢cm/s.

From the graph in Figure 13, the system is able to
track the change of emotion and position of the gripper,
and react accordingly by changing the corresponding
state and speed of the system. Figure 14 shows the
speed error between the simulated and experimented
case study.

M

Speed Error [em/s)
N

o 10 20 30 40 50 60 70

time[s)
Fig. 14. Error generated by the rehabilitation platform.

It can be seen the peak errors occur at the points
where the direction of gripper changes due to the
mechanism of the robot in changing the gripper’s speed
on time via the hybrid automata’. The experimental and
simulation results verify that the hybrid automata
approach is practical for the Human Machine
Interaction in rehabilitation applications.

3.3. Online Simulation vs Experimentation with
Real Time Inputs

In case study 3, the rehabilitation system takes the
emotional state input in real time. Instead of using
‘Repeating Sequence Stair’ as an array of the input
emotions, a constant block called ‘emot’ is utilized in
integrating the Simulink-Stateflow with rehabilitation
platform and the Graphical User Interface (GUI) to infer
the emotion of the subject. The function of ‘emot’ block
is to set the hybrid automata input which is directly
taken from the ‘hybrid automata code’ in GUI.

In this case, the initial emotion of the subject is sad
(E=1) at the beginning of the therapy. The emotion of
the subject converges from sad to nervous, nervous to
calm, then back to nervous again before ends with
happy emotion.

When the task execution starts, S; is triggered since
the Stateflow is in initialization mode. The gripper is in
backward motion with the desired speed of lcm/s at
point A as seen in Figure 15. When the subject’s arm
has reached the home position (X=20cm) at point B, Ss
activated to guide the patient arm’s movement in
forward motion. Simultaneously, the desired speed is
decreased to -0.5c¢m/s. At point C, the gripper speed is
set at -0.667cm/s and the active state is S;. As the
gripper reaches the goal position (X=5c¢m) at point D for
the first time, the emotion detected is still nervous
(E=2), but the state is now switched to S;; to prepare the
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gripper to move backward at speed of 0.333cm/s. At
point E, the emotion remains at nervous (E=2),
prompting the state to switch to S; and the speed to
0.667cm/s.

While performing the task, it is observed that the
subject has shown a change in the emotion to nervous
(E=0) at point F, thus the speed adapts the changes to
0.883cm/s and S; becomes the active state. At point G,
the state switches to S; denoting the emotion detected is
still nervous (£=2) and the speed of the gripper is set to
0.667cm/s. At point H, the speed changes to a negative
value of -0.333¢cm/s which is in S;,. It symbolizes that
the subject’s arm has reached the home position and the
gripper direction is changed to forward motion again.
At point I, the state switches to S; denoting the emotion
detected is still nervous (E=2) thus the gripper changes
the direction and the speed is set to 0.667cm/s. The
subject is finally observed to be happy (E=3) in
performing the task due to change of state as can be
seen at point J. It activates Sg with the speed of -1.0cm/s.

4. Conclusions

The hybrid automata system is chosen as a framework
to embody three types of emotions which are happy,
sad, and nervous as classified by the emotion
recognition system in controlling the rehabilitation robot
platform. Three different scenarios are run to test the
workability of the embodiment system through offline
and online modes. The experimentation and simulation
results verify that the hybrid automata approach is
practically feasible for the Human Machine Interaction
in rehabilitation applications. Some future works to
improve the efficacy of the technique is suggested such
as to deploy ANOVA test to discriminate the input
points that are correlated. The embodiment of emotion
recognition system into rehabilitation robotic platform
also can be automated by using other technique such as
decision tree, petri net, and fuzzy logic approach in
order to compare the performance of the new system
with hybrid automata approach.

Acknowledgements

The work presented was carried out in the Bio-
mechatronics Research Laboratory of International
Islamic University Malaysia. The authors wish to
acknowledge the subjects who took part in this project

and grant funding from the Ministry of Higher
Education Malaysia (RAGS 12-002-0002).

ODE F H | %=
S
_E ! 4B Norous e T k
@ ]
PR ro
i X
c Caim
o 10 0 0 a0 50 &0 70

10 D", H—»
i B 1
T ] F e Iy
-3
z, X | :
& c E
i Y '

2|y

Position {cm)

N Gimuicn
I v riman m|

Speed {(cm/s)

time (5]

Fig. 15. Simulation of emotion, state, position, and speed
profiles for Case Study 3.

References

[1] J. Cannan and H. Hu, "Human—Machine Interaction
(HMI): A Survey. Tech. Rep.; Technical Report CES-
508," 2011.

[2] Q. Tang, Z. Xiao, Y. Liang, M. Deng, and Z. Xi, "Novel
approach for balancing manual automobile assembly
based on genetic algorithm," in Industrial Engineering
and Engineering Management (IEEM), 2010 IEEE
International Conference on, 2010, pp. 2028-2032.

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors



(3]

[4]

(3]

(6]

(7]

(8]

[10]

(1]

[12]

[13]

[14]

[15]

A.S. Ghazali et al. / Emotional State Model

E. Diener and M. Y. Chan, "Happy people live longer:
Subjective  well-being contributes to health and
longevity," Applied Psychology: Health and Well-Being,
vol. 3, pp. 1-43,2011.

J. Fasola and M. J. Matari¢, "Using socially assistive
human-robot interaction to motivate physical exercise
for older adults," Proceedings of the IEEE, vol. 100, pp.
2512-2526,2012.

L. Zhang, A. Hossain, and M. Jiang, "Intelligent Facial
Action and emotion recognition for humanoid robots,"
in Neural Networks (IJCNN), 2014 International Joint
Conference on, 2014, pp. 739-746.

T. Deutsch, C. Muchitsch, H. Zeilinger, M. Bader, M.
Vincze, and R. Lang, "Cognitive decision unit applied to
autonomous biped robot NAO," in Industrial
Informatics (INDIN), 2011 9th IEEE International
Conference on, 2011, pp. 75-80.

J. Park and A. Nasypany, "Psychological Consultation in
Rehabilitation," The Internet Journal of Allied Health
Sciences and Practice, vol. 10, 2012.

D. Gouaillier, C. Collette, and C. Kilner, "Omni-
directional closed-loop walk for NAO," in Humanoid
Robots  (Humanoids), 2010  10th  IEEE-RAS
International Conference on, 2010, pp. 448-454.

R. S. Baker, S. K. D'Mello, M. M. T. Rodrigo, and A. C.
Graesser, "Better to be frustrated than bored: The
incidence, persistence, and impact of learners’
cognitive—affective states during interactions with three
different computer-based learning environments,"
International Journal of Human-Computer Studies, vol.
68, pp. 223-241, 2010.

P. Rani and N. Sarkar, "Emotion-sensitive robots-a new
paradigm for human-robot interaction," in Humanoid
Robots, 2004 4th IEEE/RAS International Conference
on, 2004, pp. 149-167.

A. Howard, D. Brooks, E. Brown, A. Gebregiorgis, and
Y.-P. Chen, "Non-contact versus contact-based sensing
methodologies for in-home wupper arm robotic
rehabilitation," in Rehabilitation Robotics (ICORR),
2013 IEEFE International Conference on, 2013, pp. 1-6.
S. Parasuraman and A. W. Oyong, "An EMG-driven
musculoskeletal model for robot assisted stroke
rehabilitation system using sliding mode control," in
Mechatronics and its Applications (ISMA), 2010 7th
International Symposium on, 2010, pp. 1-6.

R. C. Loureiro and W. S. Harwin, "Reach & grasp
therapy: design and control of a 9-DOF robotic neuro-
rehabilitation system," in Rehabilitation Robotics, 2007.
ICORR 2007. IEEE 10th International Conference on,
2007, pp. 757-763.

C. R. Guerrero, J. F. Marinero, J. P. Turiel, and P. R.
Farina, "Using psychophysiological feedback to enhance
physical human robot interaction in a cooperative
scenario," in Biomedical Robotics and Biomechatronics
(BioRob), 2012 4th IEEE RAS & EMBS International
Conference on, 2012, pp. 1176-1181.

Y. Fu, Q. Zhang, F. Zhang, and Z. Gan, "Design and
development of a hand rehabilitation robot for patient-
cooperative therapy following stroke," in Mechatronics
and Automation (ICMA), 2011 International Conference
on, 2011, pp. 112-117.

[16]

(17]

(18]

[19]

(20]

(21]

(23]

[27]

[28]

[29]

P. J. Lang, M. M. Bradley, and B. N. Cuthbert,
"International  affective picture system (IAPS):
Technical manual and affective ratings," NIMH Center
for the Study of Emotion and Attention, pp. 39-58, 1997.
M. Wollmer, F. Weninger, T. Knaup, B. Schuller, C.
Sun, K. Sagae, er al, "Youtube movie reviews:
Sentiment analysis in an audio-visual context,"
Intelligent Systems, IEEE, vol. 28, pp. 46-53,2013.

M. Murugappan and S. Murugappan, "Human emotion
recognition through short time Electroencephalogram
(EEG) signals using Fast Fourier Transform (FFT)," in
Signal Processing and its Applications (CSPA), 2013
IEEE 9th International Colloguium on, 2013, pp. 289-
294.

M. El Ayadi, M. S. Kamel, and F. Karray, "Survey on
speech emotion recognition: Features, classification
schemes, and databases," Pattern Recognition, vol. 44,
pp. 572-587, 2011.

H. A. Rahman, S. N. M. Rameli, R. S. S. A. Kadir, Z. H.
Murat, and M. N. Taib, "Analysis of correlation between
BMI and human physical condition using resonant field
imaging system (RFI)," in RF and Microwave
Conference, 2008. RFM 2008. IEEE International,
2008, pp. 279-282.

M. Rosdi, R. S. S. A. Kadir, Z. H. Murat, and N.
Kamaruzaman, "The comparison of human body
Electromagnetic radiation between Down Syndrome and
Non Down Syndrome person for brain, chakra and
energy field stability score analysis," in Control and
System Graduate Research Colloguium (ICSGRC), 2012
IEEE, 2012, pp. 370-375.

K. R. Scherer, "Psychological models of emotion," The
neuropsychology of emotion, vol. 137, pp. 137-162,
2000.

A. S. Ghazali, S. Sidek, and S. Wok, "Affective State
Classification using Bayesian Classifier," in /EEE Fifth
International ~ Conference on Intelligent  System,
Modelling and Simulation (ISMS2014) Langkawi,
Malaysia, 2014.

A. S. Ghazali and S. N. i. Sidek, "Non-invasive non-
contact based affective state identification," in Computer
Applications and Industrial Electronics (ISCAIE), 2014
IEEE Symposium on, 2014, pp. 1-5.

S. N. Sidek, A. U. Shamsudin, and E. Ismail, "A Hybrid
Controller with Chedoke-McMaster Stroke Assessment
for Robot-Assisted Rehabilitation," Procedia
Engineering, vol. 41, pp. 629-635, 2012.

M. Hall, E. Frank, G. Holmes, B. Pfahringer, P.
Reutemann, and 1. H. Witten, "The WEKA data mining
software: an update," ACM SIGKDD explorations
newsletter, vol. 11, pp. 10-18, 2009.

S. H. Chen and C. A. Pollino, "Good practice in
Bayesian network modelling," Environmental Modelling
& Software, vol. 37, pp. 134-145, 2012.

R. Johns, "‘Likert Items and Scales, Survey Question
Bank: Mathods Fact Sheet 1," March, available at:
www. surveynet. ac.
uk/sqb/datacollection/likertfactsheet. pdf (accessed 20
May 2011), 2010.

T. A. Henzinger, The theory of hybrid automata:
Springer, 2000.

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

78



[30] Y. Ge, Y. Chen, and G. Zhang, "Longitudinal control of

(31]

A.S. Ghazali et al. / Emotional State Model

intelligent vehicle based on hybrid automata model," in
Intelligent Control and Automation (WCICA), 2012 10th
World Congress on, 2012, pp. 1848-1853.

S. N. i. Sidek, A. S. Ghazali, and S. Wok, "Emotion
Embodiment in Robot-Assisted Rehabilitation System
Using Hybrid Automata," in Advanced Applied
Informatics (IIAI4AI), 2014 I1IAI 3rd International
Conference on, 2014, pp. 505-509.

[32] P. Verduyn, E. Delvaux, H. Van Coillie, F. Tuerlinckx,
and I. Van Mechelen, "Predicting the duration of
emotional experience: two experience sampling studies,"
Emotion, vol. 9, p. 83, 2009.

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors

79




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


