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4. Strategic HRI
System Design

- Core Principles and

Communication Strategies in HRI

- Designing Interfaces -
Communication Protocol

Simulations
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NOW using Existing Objects and ROBOTS

/
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Click "+" to add new
object (aka node)
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Chapter

Follow the following selection sequences:

1y_project/worlds/empty.wbet (my_project) - Webots RZ020b revision 1

Add a node

Click "+" to add new
object (aka node)

Select Proto node
> robots > gctronic
> e-puck
> e-puck (robot)
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s (Current Project) E-puck (Robot
bots Projects)
bounding_objects
delault
human

and research mini mobile
ck is powered by 2 dsPIC
targe nunber of

y
guration. More info

bluebobics
D on_dynamics EPFI catio
clearpath robot. The e-pu
proc or and Teatures a
Sens - S 0aS1C CONTig
fwwiw .e-puck.org

Robot)
i

robot
Cyberbotics Ltd.

S Documentation
Copyright C Licensed

License,
Webots.

for use only with

K-team
Kinemati

xondo

| Y.
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When start the simulation (RUN) the Robot continue to drive.
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O CTTTEETN « b > »

redBackground
redBackgroundLight
hngleArena

This ended up resetting
the simulation = Ball went
back to its original position.

AND

resetting world = robot
disappeared. Let's add
the robot again.
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ow

® TexturedBackground

® TexturedBackgroundLight
® RectangleArena

® Solid

Add a node

>
> USE . \
PROTO nodes (Current Project) Base nodes Cl l Ck "+' to add n e
v Pl P VV
R?,Lg:;:“é?:?&“ fosects) This folder lists all Webots base nodes that
default i are suitable to insert at (or below) the

(oaue currently selected Scene Tree line. O bj ect (a ka n Od e)

objects
robots
> abb
adept
bluebotics
boston_dynamics

Select Proto node

epfl
festo

e > robots > gctronic

gctronic

Mass Position ¢« » > eppick
s > e-puck
irobot

k-team

> e-puck (robot)

mobsya Import Cancel

show resize handles
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Add a node

Base nodes
USE :
PROTO nodes (Current Project) E-puck (Robot)
PROTO nodes (Webots Projects)
> bounding_objects
> default
> humans
> objects
v robots
> abb
adept
bluebotics
boston_dynamics EPFL educational and research mini mobile
clearpath robot. The e-puck is powered by a dsPIC
dji processor and features a very large number of
sensors in its basic configuration. More info

epfl here: htip://www.e-puck.org.

festo
fp_robotics
Fujitsu
gctronic

v e-puck

£ ¥y ¥V ¥V VvV VvV VY Vv v

> elisa
irobot
k-team
kinematics
kondo
kuka

lego
micromanic

Documentation:

License: Copyright Cyberbotics Ltd. Licensed
for use only with Webots.

Import Cancel

W,
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Chapter _ . :
Lets shift robot away from the original point (0,0,0):
> @ We

04

> ® TexturedBackground
> @ TexturedBackgroundLight
> ® RectangleArena
> @ Solid
v ® E-puck
# translation000 :
RN B 10D Select translation to
name "e-puck”
controller "e-puck_avoid_obsta m Ove th e ro bot,
controllerArgs
customData ™
supervisor FALSE
synchronization TRUE
version "1"
camera_fieldOfView 0.84
camera_width 52
camera_height 39
camera_antiAliasing FALSE
camera_rotation1000
camera_noise 0
camera_motionBlur 0
distance_sensor_numberOfRay
emitter_channel 1
receiver_channel 1
battery

sasin donas Mo ool

Selection: translation (Vector3)
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® TexturedBackground

® TexturedBackgroundLight

® RectangleArena

® E-puck

translation0.200
rotation0100

name "e-puck”

controller "e-puck_avoid_obsta
controllerArgs

customData ™

supervisor FALSE
synchronization TRUE

version "1"
camera_fieldOfView 0.84
camera_width 52
camera_height 39
camera_antiAliasing FALSE
camera_rotation 1000
camera_noise 0
camera_motionBlur 0
distance_sensor_numberOFfRay
emitter_channel 1
receiver_channel 1

battery

slation (Vector3)

Select translation to
move the robot.

W,
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Red = X

Green=Y

Blue = Z

*said incorrectly.
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RUN the Simulation now: you will see the robot move ?
Why?
Because the robot comes with its controller.

_/
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Lets check the robot Controller: 1D
V

_/
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Double click on the Controller:

Chapter

mberOfRay

Selection: controller (String)

_/
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NOW vou can add your own code , Click on the EDIT:

The code is written in C++ but you can write Python code.

@ o & 8 0 EEETEEE W » >
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Chapter Create a New Controller

04

" We will now program a simple controller that will just make the robot move forwards.
A controller is a program that defines the behavior of a robot.

\_

Webots controllers can be written in the following programming languages: C, C++, Java, Python, MATLAB,
ROS, etc. C, C++ and Java controllers need to be compiled before they can be run as robot controllers.

Python and MATLAB controllers are interpreted languages so they will run without being compiled.

The controller field of a Robot node specifies which controller is currently associated to the robot. Note that the
same controller can be used by several robots, but a robot can only use one controller at a time.

Each controller is executed in a separate child process usually spawned by Webots. Because they are
Independent processes, controllers don't share the same address space, and may run on different processor cores.

W,
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U N I
28 )
Hands-on #8: Create a new Python controller called epuck _go_forward using the File / New / New Robot
Controller... menu item. This will create a new epuck go forward (or EPuckGoForward) directory
in my_first_simulation/controllers. Select the option offering you to open the source file in the text editor.
\_ /
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Edit View Simulation Build Owerlays Tools  Help

Mew Project Directory...

Open World... Ctrl+Shift+0  Mew World File... Ctrl+Shift+M
Open Recent World ld Mew Robot Controller...
Open Sample World.., Mew Physics Plugin..
B Save World Ctrl+5Shift+5 Mew PROTO...
Save World As...
Q Reload World Ctrl+ Shift+R
M Reset Simulation  Ctrl+Shift+T
[ New Text File Ctrl+N

# Create a new robot controller.

New controller creation

This wizard will help you creating a new controller,

& # Create a new robot controller.

Language selection

Please choose the language for your controller program.

Cancel

€ @ Create a new robot co er.

Name selection

Please choose a name for your controller program.

& ¢ Create a new robot controller.

Name selection

Please choose a name for your controller program.

Controller name: | new_epuk_go_forward

Cancel Next

Controller name: [my_controlled

Cancel

MNext

& ¥ Create a new robot control|gr

Conclusion

The following directory and files will be created:

Ch\Users\User\Documents\my_project2\controllers\new_epuk_go_forward\
Ch\Users\User\Documents\my_project2\contrallers\new_epuk_go_forward\new_epuk_go_forward.py

Open 'new_epuk_go_forward.py’ in Text Editor.

Cancel Finish

/
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ERSITY |I
'The new source file is displayed in Webots text editor window. We will now associate )
new epuck_go_forward controller to the E-puck node.

In the scene tree view, select the controller field of the E-puck node, then use the field editor at the bottom of the
Scene Tree view: press the Select... button and then select epuck go forward in the list. Once the controller is
associated with the robot, save the world. Modify the program by getting the motor devices (leftMotor =
robot.getDevice('left wheel motor')), and by applying a motor command (leftMotor.setPosition(10.0)):

AT

Selection: contreller (String) # Controller choice

Please select a controller from the list
(it will start at the next time step)

e-puck_avoid_obstacles
e-puck_avoid_obstacles -
e-puck_cross-compilation
e-puck_line
e-puck_line_demao

line_follower

nhstarle

0K Cancel

\_ _ _/

www.midocean.ae




from controller import Robot, Motor

TIME_STEP = 64

# create the Robot instance.
robot = Robot()

# get the motor devices
leftMotor = robot.getDevice('left wheel motor’)
rightMotor = robot.getDevice('right wheel motor’)

# set the target position of the motors
leftMotor.setPosition(10.0)
rightMotor.setPosition(16.0)
while robot.step(TIME_STEP) != -1: pass

\_ /
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o] .lers\epuck_go_forward\epuck_go_forward.py* O

DwBB Qg

epuck_go_for Save the current text file,

1 from controller import Robot, Motor

2

3 TIME_STEP = 64

4

5 # create the Robot instance.

6 robot = Robot()

7

8 # get the motor devices

9 leftMotor = robot.getDevice("left wheel motor’
18 rightMotor = robot.getDevice('right wheel moto
11 # set the target position of the motors
12 leftMotor.setPosition(1e2.2)
13 rightMotor.setPosition(1@.8)

14

15 while robot.step{TIME_STEP) != -1:
16 pass

17

robot should move forwards. The robot will move using its
maximum speed for a while and then stop once the

wheels have rotated of 10 radians.

/
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—

Step 1: Import Required Classes

from controller import Robot, Motor

This line imports the RODOt and MOtOY classes
from the cONtroller modute.

In Webots, the RODOT class allows you to create a
robot object to control your robot in the simulation. The

MOtOT class is used to control the motors of the
robot, such as wheel motors for moving.

Step 2: Define the Time Step \
TIME_STEP = 64

This sets the time step of the simulation loop in
milliseconds. In Webots, simulations progress in discrete

steps. Here, 64 milliseconds is chosen as the duration of

each simulation step. ThiS'means that your Simulation will

/
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Step 3: Create the Robot Instance
robot = Robot()

This line creates an instance of the RODOT class. This

instance, called FODOT, represents your robot in the
Webots simulation. It is through this object that you can
control the robot and access its sensors and actuators (like
motors).

Step 4: Get the Motor Devices

leftMotor = robot.getDevice('left wheel motor')

_ = robot.getDevice(

These line rerieve the motor devices attached tothe robot. The

getDevice() method is used with the name of the device you

want to control, which should match the names given in the
Webots world file. Here, it's assumed your robot has two motors
named 'left wheel motor' and 'right wheel motor'. These motors are

then stored in the |eftMoOtOr and rightMotor variables,

respectively.

mipoceaf]
y
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Step 5: Set the Target Position of the Motors

leftMotor.setPosition(10.0)

_setPosition(l0.0)

These lines set the target position for both motors in -
The setPosition() method is used to specify where you

want the motor to move. Here, 10.0 radians is an arbitrary

value, and setting the same value for both motors implies you
want the robot to move straight ahead.

Step 6: Main Simulation Loop

while robot.step(TIME_STEP) !=-1:
pass

This is the main simulation loop where you would typically
implement your robot's behavior. The

robot.step(TIME_STEP) method is called to

advance the simulation by one time step (64 milliseconds in

this case). This method also returns -1 if the simulation is
stopped, which is used here to continue the loop until the

simulation is manually stopped. The [0ASS statement is a
placeholder indicating that no action is taken in the loop.

W,
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Robot should move forwards. The robot
will move using its maximum speed for a
while and then stop once the wheels have

rotated of 10 radians.

/
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Extend the Controller to Speed Control ID E lﬂ
28 )
The robots wheels are often controlled using velocity, and not position like we did in the
previous example. In order to control the motors of the wheels in speed you need to set the
target position to the infinity and to set the desired speed:
Modify the controller program as shown below, recompile it and run it:
\_ /
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from controller import Robot, Motor

MIDOCEAN

TIME_STEP = 64
MAX_SPEED = 6.28

# create the Robot instance.
robot = Robot()

# get a handler to the motors and set target position to infinity (speed control)
leftMotor = robot.getDevice('left wheel motor')

rightMotor = robot.getDevice('right wheel motor')
leftMotor.setPosition(float('inf'))

rightMotor.setPosition(float('inf"))

# set up the motor speeds at 10% of the MAX_SPEED.
leftMotor.setVelocity(0.1 * MAX_SPEED)
rightMotor.setVelocity(0.1 * MAX_SPEED)

while robot.step(TIME_STEP) !=-1:
pass

www.midocean.ae
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Step 4: Initialize Motors for Speed Control

leftMotor = robot.getDevice('left wheel motor')
rightMotor = robot.getDevice('right wheel motor')
leftMotor.setPosition(float(‘inf'))
rightMotor.setPosition(float(‘inf"))

*Get Motor Handlers: Retrieves references to the robot's left and

Set Position to Infinity: Configures the motors for speed control by
setting their target positions to infinity (float(' i nf')).

\_

right wheel motors using their names defined in the simulation world.

Step 5: Set Motor Speeds

leftMoto (0.1 * MAX_SPEED)
rightMoto (0.1 * MAX_SPEED)

Purpose: Determines the initial speed of the motors as a fraction of

MAX_SPEED. Setting both motors to 0.1 *

M AX_S PEED means the robot will start moving forward at

10% of its maximum speed capability. This is a way to control the
robot's speed directly, offering flexibility in how the robot moves.

iﬂ\

/
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Strategic Human-Robot Interaction (HRI) system design 1D
V

—

Strategic Human-Robot Interaction (HRI) system design involves a comprehensive approach to creating systems where
humans and robots interact in ways that are efficient, safe, and enhance the capabilities of both. This approach requires

consideration of various factors, including user experience, robot autonomy levels, interaction modalities, and the context
in which the interaction occurs

\_ J
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Foundations of Strategic HRI System Design

Vision Auditory & Language

Vision-based recognition and prediction Natural language communication

* Human body

* Human face

* Human activity
* Human intention
* Human motion
* Human pose

* Human emotion

* Dialogue

* Question answering

* Automatic speech
recognition

* Spoken language
understanding

Multimodal
HRI
Haptics

Robot sensing & human
tactile display

Electrical: EEG, ECG, A =
EMG- T
Physical: IMUs, accelerator,
strain, pressure:

* Object, human,
environment

* Weight, stiffness,
deformation

/
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Foundations of Strategic HRI System Design 1D
V

—

Strategic HRI System Design Explained: Begin with a simple definition. For example, "Strategic HRI System Design is the
thoughtful planning of how robots and humans interact. It's like creating a friendship where both humans and robots
understand and help each other."

Why It's Important:

*The goal of making interactions between humans and robots as smooth and beneficial as possible.

*"Think of it as organizing a team where each member, human or robot, knows their role perfectly and works together
seamlessly."

\_ J
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Core Elements of Strategic HRI Design:

*User Experience (UX): Explain UX in simple terms, such as "how people feel when they interact with robots. Our goal is to
make this experience enjoyable and easy, just like using your favorite app.”

*Autonomy: Introduce the concept of robot autonomy with a basic explanation: "This is how much freedom a robot has to
make its own decisions. Some robots need more guidance, while others can do tasks on their own, similar to how you learn
to do new things with practice.”

*Interaction Modalities: Describe interaction modalities in straightforward language: "This is how we communicate or
interact with robots, whether it's talking, using gestures, or even touch screens, much like how you choose to talk, text, or
video call your friends.”

*Contextual Adaptation: Simplify contextual adaptation: "Robots, like us, need to understand different situations. For
example, a robot needs to know if it's in a library, it should be quiet, just like we change our behavior based on where we are
and who we're with." J
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5. HRI Efficiency

and Effectiveness

- Metrics for Mission Effectiveness

and Human Factors

- Implementing and Analyzing
HRI Metrics

/
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Webots

robot simulation

/
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Tutorial 1: Moving the Robot Forward

Objective: Learn how to initialize your robot and make it move forward.

Step 1: Setting Up Your Webots Project
eOpen Webots and create a new project.
eAdd an e-puck robot to your scene from the Webots library.

Step 2: Creating Your Controller
«Navigate to File > New > New Robot Controller....

eName your controller move_forwa rd.
eSelect Python as the programming language and confirm.

Step 3: Writing the Controller Code
Open the move_forwa rd.py file generated by Webots and follow along:

\_

/
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05

controller

robot = Robot()

TIME_STEP =

robot.step(TIME_STEP) != -1:

This code initializes the robot but doesn't yet move it. Let's
proceed to add movement.

controller

leftMotor = robot.getDevice(

rightMotor = robot.getDevice(

leftMotor.setPosition(float(
rightMotor.setPosition(float(

FORWARD _SPEED =

leftMotor.setVelocity(FORWARD_SPEED)
rightMotor.setVelocity(FORWARD_SPEED)

- 1 ] |W.‘-.
robot.step(TIME_STEP) != -1:

www.midocean.ae




Chapter

05

Example 1:
# Import the Robot class to interact with the robot
from controller import Robot

# Create a robot instance to control it
robot = Robot()

# Define the simulation step time
TIME_STEP = 64

# Main control loop
while robot.step(TIME_STEP) !=-1:
# This loop runs until the simulation is stopped
pass # We will add movement code in the next tutorial

Example 2:
# Import the Motor class to control the wheels
from controller import Robot, Motor

# Initialization steps as before

# Retrieve motor devices

leftMotor = robot.getDevice('left wheel motor')
rightMotor = robot.getDevice('right wheel motor')
# Set the motors to velocity control mode
leftMotor.setPosition(float('inf'))
rightMotor.setPosition(float('inf"))

# Define a forward speed

FORWARD_SPEED =6.28

# Apply the speed to both motors to move forward
leftMotor.setVelocity(FORWARD_SPEED)
rightMotor.setVelocity(FORWARD_SPEED)

# Main control loop
while robot.step(TIME_STEP) !=-1:
# This loop runs until the simulation is stopped
pass # We will add movement code in the next tutorial

www.midocean.ae
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Tutorial 2: Avoiding Obstacles Using a Front Infrared Sensor

—

Objective: Modify the robot's behavior to stop when an obstacle is detected.
Step 1: Enhancements to the Controller

Build upon the move_forwa rd controller by adding sensor functionality to detect obstacles.

AN J

www.midocean.ae




—

Controller programming requires some information related to the e-puck model. In
order to create the collision avoidance algorithm, we need to read the values of its .

infra-red distance sensors located around its turret, and we need to actuate its two

wheels. The way that the distance sensors are distributed around the turret and the
e-puck direction are depicted in this figure.

ps5

/
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# Import necessary classes
from controller import Robot, Motor, DistanceSensor

# Initialization steps as before
# Initialize the front distance sensor
frontSensor = robot.getDevice('ps0')

frontSensor.enable(TIME_STEP)

# Control loop
while robot.step(TIME_STEP) !=-1:

distance = frontSensor.getValue()

if distance < 800: # Adjust based on your environment

leftMotor.setVelocity(0)
rightMotor.setVelocity(0)
else:

leftMotor.setVelocity(FORWARD_SPEED)
rightMotor.setVelocity(FORWARD_SPEED)

MIDOCEAN

UNIVERSITY'\
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G D locahont 12547~ W ME/Drosecti/robots/ getroni/e- pruch bot_wedoww/e: puck/e puck ame % m B R

u—’ C\Users\User\Documents\my_project2\worlds\ex2.wbt (my_project
File Edit View Simulation Build Overlays Tools Help

Simulation View

pa7 ped
@ © © © @& B Q oouzez: - oox M |
pss psl
| IMPORTABLE EXTERNPROTO |
Accelerometer
» @ TexturedBackgroundLlight &Ny
> @ RectangleArena "rectangle ks Gyro o
e i w X Y 2 g
> @ Solid "solid 5 motor Enabie Al motor pe2
v m + Cut Ctrl+X wheel wheel
trans e o
“ B Copy Ctrl+C
rotat
Paste Ctrl+V
nam
Reset to Default Value

contl

conty & Edit...
wind © Add New Ctrl+Shift+A
custc @ Delete Del

supe r

wa

Move Viewpoint to Object  Alt+Shift+1
Align View to Object 4

batte

Edit Controller Alt+C

Show Robot Window
camé

cam¢ Overlays

cam¢  Follow Object 3

came  Optional Rendering 4

]
]
]
]
]
]
]
]
® synd
]
]
]
]
]
]
]
]

@M Export URDF

came

\_ /
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from controller import Robot, Motor, DistanceSensor

TIME_STEP =64

MAX_SPEED = 6.28 # Adjusting MAX_SPEED for realism,
assuming it's in radians/sec which is typical in
simulations

# create the Robot instance.
robot = Robot()

# get a handler to the motors and set target position to
infinity (speed control)

leftMotor = robot.getDevice('left wheel motor')
rightMotor = robot.getDevice('right wheel motor')
leftMotor.setPosition(float('inf'))
rightMotor.setPosition(float('inf'))

# Initialize and enable the distance sensor
distanceSensor = robot.getDevice('ps0') # Assuming
'sp0' is the correct sensor name
distanceSensor.enable(TIME_STEP)

# set up the motor speeds at 10% of the MAX_SPEED.
leftMotor.setVelocity(0.1 * MAX_SPEED)
rightMotor.setVelocity(0.1 * MAX_SPEED)

while robot.step(TIME_STEP) !=-1:
# Read the sensor value
distance = distanceSensor.getValue()
print(distance)

# Check for obstacles - assuming a threshold value for when to
stop
# You may need to adjust the threshold based on your
simulation environment
if distance < 62: # Example threshold value, adjust based on
your sensor's range and sensitivity
# An obstacle is detected, stop the robot
leftMotor.setVelocity( MAX_SPEED)
rightMotor.setVelocity(0)
else:
# No obstacle, continue moving forward
leftMotor.setVelocity(0.1 * MAX_SPEED)
rightMotor.setVelocity(0.1 * MAX_SPEED)
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Metrics for Mission Effectiveness

The concepts of HRI efficiency and effectiveness metrics for mission effectiveness and human factors.

Ay

Environmental Factors

Context
Warkcell Design
Task Traits

L

Human-Robol Collaboraien

&

L]
Human Factors L3 L] Raobot Factors
Operator State Adtributes
Performance Perfonmance
Predispositions | ¥ . Bebaviors
®__ ==

5 dn it & pdantive

Adaptive ApeL

]III.L'Ipr.h.HJu Hobatics

Qu:nllty of Intemction
System Performance
Safety

\_ J
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How Fast Robots and Humans Complete Tasks Together:

Explanation: Checking if a robot and human can finish a job quickly, like cleaning up a room.
Example: If a robot helps a human clean a room and they finish in 30 minutes instead of an hour, that’s good and means

‘ "- . Y <
., R
i o |
gy

they work well together.

\_ J
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Chapter

05 MIDOCEA

Doing the Job Right:

Explanation: Making sure the robot does its part of the job correctly, like a robot that sorts books by color without

mistakes.
Example: A robot helps sort red and blue books into separate boxes. If it puts all the books in the right boxes without
mixing them up, it’s doing a great job.

www.midocean.ae



Robots Working on Their Own:

Explanation: Seeing if the robot can do tasks by itself without needing a human to tell it what to do every time.
Example: A robot vacuum cleans the floors by itself every day without someone having to start it each time.

AN J
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Changing Plans When Needed:

*Explanation: The robot can change what it’s doing based on new situations, like avoiding spilled juice on the floor it

didn’t know was there.

*Example: If a robot is delivering mail indoors and finds a hallway blocked, it figures out a different way to go on its

own.

/
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Keeping the Robot Busy:
*Explanation: Making sure the robot has tasks to do so it’s not just sitting around unused.
*Example: A robot in a store helps customers find items, clean up, and restock shelves all day instead of standing idle.

\_ | J
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Metrics for Human Factors 1D - I\I
VERSITY |I

\

How Happy People Are with the Robot:
*Explanation: After working with the robot, people feel good about it and think it’s helpful.
*Example: After using a robot assistant in class, students feel it’s fun and helps them learn better.
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Thinking Hard?:
*Explanation: Checking if using the robot makes people feel stressed or tired from thinking too much.
*Example: If a teacher uses a robot to grade tests and finds it easy to use without getting a headache, that’s great.
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Trusting the Robot:

U NIIDVE R SIETAY
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*Explanation: People believe the robot will do its job well and not make mistakes.
*Example: A family trusts their robot pet sitter to feed and play with their cat correctly when they are not home.

111 [o
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Learning to Use the Robot:
*Explanation: Finding out if it’s easy and quick for someone to learn how to work with the robot.
*Example: If someone can start using a robot to make coffee after a quick lesson, that means it’s easy to learn.
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Making Human Jobs Easier:
*Explanation: The robot takes over tasks that are hard or boring, so people can do other important things.
*Example: A robot takes over cleaning the floors at a restaurant, so the staff can spend more time making meals and helping

customers.

MIDOCEA
/

\_ J

www.midocean.ae




/

www.midocean.ae



	Default Section
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56

	Untitled Section
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61


