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 Robocop is a robot that will search for and fire a ping pong ball at a person wearing a 
certain color of shirt.  Once the robot is started up, it will patrol around searching for people to 
fire its ball at all the while using IR sensors to avoid any obstacles it may come across.  If the 
robot doesn’t come across a person for a period of fifteen seconds or if the IR sensors detect an 
object within fifteen cm, the robot will come to a halt and turn to the right and continue on in the 
new direction once again searching for that specific color of shirt.  Once the robot finally detects 
the correct blob of color it will check to see if the target is within firing range and adjust by 
moving the ball launcher up or down. Since the robot is now in range of its target, it will fire the 
ping pong ball using a compressed air launcher that is controlled by a solenoid sprinkler valve.  
The compressed air for this launcher will be in the form of a 20 inch long, 1.5 inch diameter 
PVC tank attached to one end of the sprinkler solenoid and will be filled up via a bike pump or 
an air compressor. 
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 Robocop is an autonomous robotic agent that will patrol the area that it is placed in all the 
while searching for “criminals” that wear a certain color of shirt using an IP camera in 
conjunction with Xbee and OpenCV.  Once the criminals are identified, Robocop will begin 
adjusting its position, by moving left or right, so that the target is in the center of the camera’s 
field of vision.  After that has been accomplished, the robot will than raise or lower the arm that 
holds the ball launcher so that it will hit the target dead center and a command will be sent to a 
relay switch circuit that will allow the necessary 27 volts to trigger the solenoid and cause the air 
to leave the chamber of the ball launcher and fire the ping pong ball at the target.  Once the 
projectile has been launched, the arm will lower back to the resting position and resume its 
patrol, searching for the next criminal to apprehend. 

 Robocop begins by driving around using the two front mounted IR sensors to avoid 
obstacles until the IP camera has successfully synced with the router and by extension the 
computer that will be running Opencv and bob detection.  Two bump sensors on the right and 
left sides of the robot will also be used as last ditch efforts to keep the wide turning Robocop 
from ramming into and object such as a chair or table leg or a human leg.  Once the camera has 
connected, the IR obstacle avoidance will continue until the camera sees an image of the desired 
color that is large enough to be made into a blob.  Once this blob is found, IR avoidance will 
cease and the only thing that will be moving the robot is commands sent through Xbee to the 
microcontroller telling it whether or not the object has been centered, these commands will tell 
the robot to move left, right, or that the object is centered.  Once the object is centered, the robot 
will stop moving and raise the launcher arm from the default servo setting of ninety degrees to 
approximately seventy degrees, pause for a second, then send a command to PORTD to close the 
Relay switch which will send twenty-seven volts to the solenoid and as a result propelling the 
ping pong ball out of the chamber and at the target.  Once the target has been fired at, the robot 
will resume patrolling. 
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 The two main components of this robot are the actual physical robotic platform and the laptop 
and router combo that will run the Opencv blob tracking that will allow the camera on the robotic 
platform to see and direct the robot.  The robotic platform and the router and laptop will communicate 
with each other through the use of the wireless Xbee device, with once being attached to the bottom of the 
microcontroller board and the other connected to a USB port on the laptop.  The wireless IP camera will 
send the data on what it sees to the router which will be transferred to the laptop.  Once the laptop has this 
information it will send the position data of the tracked blob back to the microcontroller via the Xbees. 
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Background 

 The idea behind Robocop is to essentially build a robot that will protect its owner from 
harm by identifying and firing upon those that the owner deems to be enemies.  While there are 
many robots around I could not find any on the internet that made use of a pneumatic ball 
launcher as it’s’ means of defense, the only ones that I could readily find were those that held a 
dart gun or used a catapult-esque contraption.   This presents a unique twist to the otherwise very 
common sentry robot idea. 

Scope and Objectives 

 Robocop will utilize two front mounted IR range finders, which will detect when an 
object is within 15cm of an object and avoid collisions by stopping it’s movement and turning to 
the right and continuing on.  During this time, Robocop will also actively search for passing 
people and analyze the colors of their shirts using an ip camera that wirelessly sends information 
to a PC running OpenCV.  Once the robot detects the correct person, via their shirt color, it will 
adjust its position so that it is within range and launch a ping pong ball at the target. 

References to the literature 

 The cv blobs lib and OpenCV were combined to create the blob tracking that was 
required to search for a specific color, center it, and keep out miscellaneous errors.  The IP 
camera searches for a color and once it finds that color it creates a box aroud this blob and the IP 
camera then keeps the center of this box in the center of its vision with help from the movements 
of the robot.  Tutorials on blob tracking can be found here: 

 

Useful OpenCV blob tracking tutorials: 

• http://www.technical-recipes.com/2011/tracking-coloured-objects-in-video-using-opencv/#more-
1348  

• http://www.aishack.in/2010/07/tracking-colored-objects-in-opencv/  
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 Figure 1: The Integrated System 

 

The integrated System, as shown above, is made out of: 

• The Epiphany DIY board which is used to control the motors, servos, IR 
sensors, IP camera, solenoid valve and the LCDs and LEDs. 

• 3 9V batteries that run through a Relay to control the solenoid valve 
• PVC pipe attached to a solenoid valve with the other end being connected to 

an air chamber that will be will via a bike pump. 
• Two DC motors to power the rear wheels of the mobile platform. 
• Two short range IR rangefinders to be used for obstacle avoidance. 
• An IP camera to wirelessly send information from the camera to a PC 

equipped with OpenCV which is in turn sent via Bluetooth to the Epiphany 
DIY board. 

The DC motors will propel the robot while it uses the IR sensors to detect objects 
for it to avoid.  While the robot is patrolling, the ip camera will be sending information 
from the camera to an OpenCV running computer which will then scan the sent images 
for the correct colored blob and draw a rectangle around it indicating the target area.  
Once the target area is drawn, the computer will send the information back to the 
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Epiphany DIY board via a Bluetooth connection.  From there, the robot will back up or 
move forward to get within a suitable range of the target. Once the target is within range, 
the Epiphany board will send a signal to a relay circuit which will then close and allow 
the voltage source of the solenoid valve to open and release air into the barrel of the ball 
launcher.  After the ball has been launched the valve will close and the robot will resume 
its patrol. 
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 The mobile platform will consist of wood parts that will be designed in SolidWorks and 
cut out and put together in the lab.  The main platform will be shaped like a rectangle to keep 
things simple and allow maximum space.  On this board there will be places to mount the ip 
camera, sensors, and the motors along with a holster for the ping pong ball launcher which is 
essentially a plank of would attached to a servo which will move the ping pong ball launcher ip 
and down.  The platform will have 3 wheels two of which will be connected to motors and the 
other wheel will be free spinning to increase maneuverability.  The ip camera will be placed at 
the front of the platform to one side to the launcher and will be in a fixed, forward facing 
postion. 
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The Actuation for transportation of this robot will be 2 99:1 Metal 
Gearmotor 25Dx54L mm HP metal gearmotors attached to the rear wheels 
of the mobile platform with the caster wheel being place at the front.  The 
motors will be powered at 6V which will result in 100 revolutions per 
minute and 450 mA free-run.  The motors will be controlled using the PWM on the Epiphany 
DIY board.  

A GWS S689-2BB/MG/JR Giant Servo will also be used to maneuver the launching 
apparatus from its resting position to an angle of approximately 25 degrees 
since this launcher has an incredible power, the standard 45 degrees will not be 
necessary for this machine to fire  a significant distance.  This particular servo 
has a speed of 0.157 sec/60degrees and a stall torque of 26 kg*cm at 4.8 V.  
This massive servo was chosen because ball launching device was very heavy 
and anything less would not have been able to move the launcher or would have 
caused it to stall or break. 

 

Actuation will also be used to control the opening and closing of the 
solenoid sprinkler valve that is attached to the ping pong ball launcher.  
Attached to solenoid valve and the 3 9 volt batteries that will be powering it is 
a Relay and 2n2222 transistor that will act like a switch.  When this switch is 
open, the valve will remain closed and no air will escape into the ping pong 
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ball chamber but when the switch closes, the valve will open and air will rush out and push the 
ball out of the tube with the Epiphany DIY board controlling when the switch opens and closes.                                                

8(()'4%#&",&'
  

Sharp R146- GP2D120 IR range-finders  

 Robocop will utilize two of these close range IR sensors have a range of 4 cm to 30 cm 
and will be used exclusively for obstacle avoidance.  The sensors will output a different voltage 
depending on how far they are from the object, if the object is 4 cm away than it will output 3.1V 
and if it is 30 cm away it will output 0.3 V. If the robot detects a object within15 cm it will stop 
and turn to the right and resume moving forward.  The IR will both be mounted on the front of 
the robot at each corner and they will operate independently, if one is to clsoe to an object then 
the robot will start obstacle avoidance because of the one. 

Bump Switch 

 Several bump switches will be used on the sides of the robot as failsafe obstacle 
avoidance and so that the robot doesn’t attempt to ram into a wall when turning since it has a 
large turning radius becaue of its 20 inch length. 

IP Camera  

 The IP camera will be a Foscam FI8918W Wireless/Wired Pan & Tilt 
IP/Network Camera with 8 Meter Night Vision and 3.6mm Lens (67° 
Viewing Angle) that will be used to send images of passing people to my 
computer.  There, the image will be analyzed in search of a specific color of 
T-shirt.  The IP camera will utilize OpenCV blob detection to search the 
relayed images for the correct shirt color.   If the camera sees a blob of the 
correct color than it will draw a rectangle around the blob and the 
information that it is the correct shirt color will be sent back to the robot 
which will then commence firing. 

XBee 1mW Chip Antenna - Series 1 
  

 Two of these Xbee chips were chosen in order for the DIY board to transmit and receive 
data from the computer that will be running OpenCV.  This version was chosen because the 
range requirements were not extreme enough to warrant using the Xbee that has an antenna 
sticking out of it. 
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 Figure 2: Robocop Behavioral Flow chart 

The above flow chart has been designed to show how the robot will behave in certain 
situations.  When the robot is activated it will begin moving forward at a predetermined speed 
using the IR sensors to detect objects and the ip camera to search for people.  If the camera 
identifies a person then it stops checks to see if it is within range and adjusts accordingly. Next, 
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Relay circuit will be closed and power will be sent to the solenoid valve which will release air 
into the chamber of the ball launcher.  After a very short amount of time has elapsed the switch 
will be reopened to prevent a waste of the compressed air that is propelling the balls and the 
robot will return to moving forward.  Also, if Robocop detects any objects using the IR sensors 
that are within 15 cm then it will stop, turn right 90 degrees, and resume moving forward.  If the 
robot does not detect a human than an internal timer will start and once 15 seconds of not 
detecting any human presence, the robot will stop, turn right 90 degrees and continue straight on 
in the new direction.  This was done in order to prevent Robocop from going a significant 
amount of time without seeing any humans. 
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 Most of the experimentation on this robot took place by setting it on top of my tool box 
and placing either my hand in front of the IR sensors to test the obstacle avoidance or placing a 
blue colored object in front of the camera to test the centering capabilities of the IP camera and 
robot motor combination with the solenoid detached from the launcher and the launcher not 
present on the robot.  This was done mainly due to the fear that the epoxy sealing the bike valve 
to the air chamber would rupture and force a reconstruction of the entire chamber, which, is what 
happened on demo day.  Unfortunately, this means that the true maximum range of this launcher 
is unknown but even with few tests that were conducted it can be seen that at 70 psi this launcher 
is capable of shooting well beyond the range of the ip camera. 

 

Obstacle avoidance: 

The obstacle avoidance capabilities of the sharp IR sensors were tested by first setting the 
robot on the ground and turning it on.  The two IR sensors were then set so that if the values read 
from the ADC were less than 450 the robot would assume there is nothing in front of it and 
continue moving forward until a change occurred.  If one of the IR’s registered a value above 
450, then there was an object in front of that side of the robot and it then turne din the opposite 
direction so as to avoid the obstacle.  After turning, the robot will continue going straight until 
another obstacle is met or the IP camera picks up something.  Obstacle avoidance was also 
achieved through bump sensors which, if pressed caused the robot to immediately turn away 
from the pressed switch because the robot had hit something.  However, there was a pretty 
decent delay between when the switch was pressed and recognition by the robot which was 
determined to be fine since the robot never had to use the bump sensors anyway and the robot 
doesn’t move fast enough for it to be terribly hurt by hitting a wall with its’ side.  If at any point 
during this obstacle avoidance the IP camera picked up on the tracked color than it would enter 
into the OpenCV blob tracking routines as described below.  A graph of the distance vs. voltage 
values for the IR sensor can be seen below. 
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IP camera experiment: 

 The IP camera experiment was performed by first hooking the Xbees up to the PC and to 
the microcontroller.  Next, the IP camera was powered on and connected to the same router that 
the pc was connected to.  Visual Studio 10 was then launched and the OpenCV blob tracking 
program was run.  What popped up were the three windows seen below, one show the posX data, 
and the others show what the camera is seeing in the threshold and normal modes.  Once a blob 
of sufficient size is seen by the camera, a box is drawn around it and tracked via cv blobs lib 
tracking methods.  Once the blob is formed values are sent from the pc to the microcontroller 
that tells it whether the blob is centered or not.  If the blob isn’t centered than the robot will turn 
either left or right until it is which then triggers the Relay switch and launches a ping pong ball at 
the center of the blob.  For these camera experiments, it was set so that if the posX data was 
greater than 215, the object was on the right side of the robot and if the object was less than 190 
it was to the left side of the screen, as seen in the code in the appendices.  A range between 190 
and 215 was chosen as the center because the robot isn’t the most precise of machines and it 
would have taken far too long for the target to be centered if the range was any less especially 
since there is still a small amount of lag between object movement and it being registered on the 
camera. 
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    Figure 3: OpenCV output windows 
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Work Accomplished: 

 One of the many things that were accomplished by this robot was that the IR obstacle 
avoidance worked perfectly, the construction of a working robotic platform to house the motors 
and other components as well the use of Xbee devices to communicate between the 
microcontroller board and the PC running OpenCV.  Another accomplishment was the 
successful implementation of a behavior into the robot that caused it to patrol the area searching 
for a specific color using the IP camera.  Once the color was found the robot successfully stop, 
centered the object, and then adjusted the ball launchers position and fired on the target fairly 
accurately.  Thanks to Chris Dobson for helping me understand how to properly set the comports 
to work with Opencv and providing me with some code to help me on my way as well as Tim 
Martin for providing much of the motor, servo, LCD and ADC code which made it possible to 
complete this robot in such a short amount of time. 

Limitations of Work: 

 While Robocop works well for the amount of money that was available to spend on it, 
many improvements could have easily been made.  First off, the IR sensors were very cheap and 
sometimes there will be spikes in that data that cause Robocop to believe there is an object in 
front of one of the sensors when there is not.  Furthermore, the IP camera used for blob detection 
has a significant amount of image lag along with being very difficult to properly integrate with 
the rest of the robot.  Furthermore, while the color detection works quite well, the difference in 



12 | P a g e  
 

results varies greatly with the lighting which may not be a problem if a more expensive camera 
was purchased. 

 Another limitation is that once the power is switched on, it takes a very long time for the 
camera to sync up with the router that I was using, the cheapest one I could find, and could have 
been eliminated by either turning my laptop into a router or by buying a higher quality one. 

 The PVC pneumatic launcher works quite well if it is perfectly assembled and the epoxy 
and PVC cement is expertly applied to every single crack in the device which was not done for 
this project.  For the first demo day, the epoxy keeping the bike valve in the air chamber cracked 
and began to leak air and the same may happen for media day.  In hindsight, silicone would have 
been a much better choice to seal the air inside this device, which would have meant the air 
chamber could have easily held up to 100 psi of compressed air instead of the measly 65 psi that 
was used in experimentation. 

Technical caveats: 

1. NEVER connect power to ground, I destroyed far too many parts by being 
careless and doing this. 

2. Don’t waste time wire wrapping, learn how to crimp and start immediately. 
3. Pay very close attention to the various provided OpenCV installation tutorials; it 

can get very confusing if you don’t pay attention. 
4. If using an inductive load, DO NOT forget a flyback diode otherwise you will be 

spending more money on parts. 

Future Work: 

 If I were to start this project over I would buy a better ip camera that more easily 
interfaces with OpenCV in order to save myself some much need time.  Also, I would buy a 
much stronger servo right off the bat and do some calculations to determine the amount of torque 
I needed to lift up the massive pneumatic launcher.  Furthermore, I would actually design my 
robot’s platform in Solidworks and take more care to cut it so that it doesn’t look as shabby as 
this one does. 

 One enhancement I would make is that I would add a speaker system so that while my 
robot it driving around it would play the Robocop theme song to add to the theme.  Another 
enhancement would have been to include an onboard air compressor and ball reloader so that the 
robot could fire off more than one shot without having to manually refill the air and replace the 
ping pong ball. 
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[1] Technical-Recipes (2011, October) Tracking Coloured Objects in video using OpenCV Available: 
December 2011   
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A. Main AVR Studio Code (header files not included, see Tim Martin’s code) 

The header and source files can be found at https://sites.google.com/site/epiphanydiy/home 
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) ) L/"%(CjC>?<>P<kQP<4#1<497%(5(DDS)
) ) &#,"K#(')"#5)6)G)>?<>PK(5d+%CQDS)
) ) 72"#5-C8b#e&8V)6DS)
) ) )
) ) P'(%+6P9,ClJ\DS)
) ) )
) ) 3U,(5=(214>#K%(C]\V)JlDS)
) ) P'(%+6P9,CJHHDSU3)
) ) ) )
) ) 3364&)9+6)-"2()L/(#)2(+'6)
) ) 33EB:;?PBF;)G)HIHJS)
) ) 33EB:;?PBF;=M;)G)HIJS)
) ) 33P'(%+6P9,CJ\HDS)
) ) )
) ) 33EB:;?PBF;<A:)G)HIJS)
) ) )
) ) 72"#5-C8b28DS)
) ) 33,(5=(214>#K%(C^HV)JlDS)
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) ) )
) ) )
) ) )
) ) 332"K/5),"'()4-),$2((#)5&2#)%(-5)
) ) "-CC&+25(QR#$49"#K?+5+D)GG)QD)
) ) T)
) ) ) ,(5m4542?&56ClV)^HHV)mB;B:P?R:P_:>nMPK$DS)
) ) ) ,(5m4542?&56CoV)^HHV)mB;B:P?R:PpB:q>:?PK$DS)
) ) ) 33P'(%+6P9,CJ\HDS)
) ) i)
) ) (%,()"-C&+25(QR#$49"#K?+5+)GG)JD)
) ) T)
) ) ) )
) ) ) 33%(-5),"'()4-)5/(),$2((#V)5&2#)2"K/5)
) ) ) ,(5m4542?&56ClV)^HHV)mB;B:P?R:P_><nq>:?PK$DS)
) ) ) ,(5m4542?&56CoV)^HHV)mB;B:P?R:P_:>nMPK$DS)
) ) ) 33P'(%+6P9,CJ\HDS)
) ) i)
) ) (%,()"-C&+25(QR#$49"#K?+5+)GG)oD)
) ) T)
) ) ) )
) ) ) 334@r($5)",)$(#5(2('...)+'')"#)5/(),(214)+'r&,59(#5)+#')-"2"#K)
$4#524%)$4'()
) ) ) ,(5m4542?&56ClV)^HHV)mB;B:P?R:P_:>nMPK$DS)
) ) ) ,(5m4542?&56CoV)^HHV)mB;B:P?R:P_:>nMPK$DS)
) ) ) )
) ) ) P'(%+6P9,C\HHDS)
) ) ) ,(5=(214>#K%(C]HV)JlDS)
) ) ) P'(%+6P9,CQ\HHDS)
) ) ) )
) ) ) 3364&)9+6)-"2()L/(#)2(+'6)
) ) ) EB:;?PBF;)G)HIHJS)
) ) ) EB:;?PBF;=M;)G)HIJS)
) ) ) )
) ) ) P'(%+6P9,CJ\HDS)
) ) ) )
) ) ) EB:;?PBF;<A:)G)HIJS)
) ) ) ,(5=(214>#K%(C`HV)JlDS)
) ) )
) ) i)
) ) (%,()
) ) T)
) ) ) +,9C8#478DS)
) ) ) 33)@&97(2)Q)/"5),49(5/"#K)5&2#)2"K/5)
) ) ) "-CCEB:;?.Rg)[)QDD)
) ) ) T)
) ) ) ) ,(5m4542?&56CoV)^HHV)mB;B:P?R:PpB:q>:?PK$DS)
) ) ) ) ,(5m4542?&56ClV)^HHV)mB;B:P?R:P_:>nMPK$DS)
) ) ) ) )
) ) )
) ) ) i)
) ) ) 33)@&97(2)J)/"5),49(5/"#KV)5&2#)%(-5)
) ) ) (%,()"-CCEB:;<.Rg)[)QDD)
) ) ) T)
) ) )
) ) ) ) ,(5m4542?&56CoV)^HHV)mB;B:P?R:P_:>nMPK$DS)
) ) ) ) ,(5m4542?&56ClV)^HHV)mB;B:P?R:P_><nq>:?PK$DS)
) ) ) ) )
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) ) ) i)
) ) ) 33),9+%%(2)9(+#,)-+25/(2)+L+6V),4)"-)"5)",)%(,,)5/+#)lHH)K4)-42L+2')
) ) ) (%,()"-CI)*)l\H)[[)6)*)l\HD)
) ) ) T) )
) ) ) ) )
) ) ) ) ,(5m4542?&56CoV)^HHV)mB;B:P?R:P_><nq>:?PK$DS)33L+,)94542)J)
) ) ) ) ,(5m4542?&56ClV)^HHV)mB;B:P?R:PpB:q>:?PK$DS)
) ) ) ) )
) ) ) i) ) ) ) )
) ) ) 33I)G)\HHV)6)GG)lHH)hh)54)$%4,()54)I)R:),4)5&2#)+L+6))h)4#%6)&,(')
-42)L/(#)R:)%(-5)",)@&,5(')
) ) ) (%,()"-CCI)0)l\HD)[))CI)0)6DD)
) ) ) T)
) ) ) ) )
) ) ) ) ,(5m4542?&56CoV)^HHV)mB;B:P?R:PpB:q>:?PK$DS)
) ) ) ) )
) ) ) ) ,(5m4542?&56ClV)^HHV)mB;B:P?R:P_:>nMPK$DS)
) ) ) ) )
) ) ) ) )
) ) ) i)
) ) ) 33)I)G)lHHV)6)G)^HH)hh)6)R:)",)54)$%4,()5&2#)+L+6)
) ) ) (%,()"-CC6)0)l\HD)[)C6)0)IDD)
) ) ) T)
) ) )
) ) ) ) ,(5m4542?&56ClV)^HHV)mB;B:P?R:P_><nq>:?PK$DS)
) ) ) ) ,(5m4542?&56CoV)^HHV)mB;B:P?R:P_:>nMPK$DS)
) ) ) ) )
) ) ) ) )
) ) ) i)
) ) i)
) "-C'+5+R#_&-MQCDD)
) T)
) ) -,$+#-C[&+25MQP,52V8e$8V[&+25(QR#$49"#K?+5+DS)
) i) ) ) ) ) ) ) ) ) ) ) )
) )
) i)
i) ) )
 

B. OpenCV 

1. IMDLipcam code, main function: 

!"#$%&'()8$1./8)
!"#$%&'()8/"K/K&"./8)
!"#$%&'()8$I$42(./8)
!"#$%&'()8_%4@:(,&%5./8)
33!"#$%&'()8$1@%4@./8)
!"#$%&'()8,5'+-I./8)
!"#$%&'()8<Bm-&#$5./8)
R7%R9+K(U)N(5;/2(,/4%'('R9+K(CR7%R9+K(U)"9KD)
T)
)
))))33)<4#1(25)5/()"9+K()"#54)+#)k=d)"9+K()
))))R7%R9+K(U)"9Kk=d)G)$1<2(+5(R9+K(C$1N(5="W(C"9KDV)OV)oDS)
))))$1<15<4%42C"9KV)"9Kk=dV)<dP_N:Jk=dDS)
)
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) R7%R9+K(U)"9K;/2(,/(')G)$1<2(+5(R9+K(C$1N(5="W(C"9KDV)OV)QDS)
)
) $1R#:+#K(=C"9Kk=dV)$1=$+%+2CQHHV)QHHV)QHHDV)$1=$+%+2CQJ\V)J\\V)J\\DV)"9K;/2(,/('DS)
)
) $1:(%(+,(R9+K(C["9Kk=dDS)
))))2(5&2#)"9K;/2(,/('S)
i)
"#5)9+"#CD)
T)
) <_%4@:(,&%5)@%4@,S)))
))))<_%4@)U$&22(#5_%4@S)))
))))<1E4"#5)75QV)75JS)))
))))<1:($5)$1:($5S)))
) k>g?AM)$497425S)
) $/+2)'+5+4&5S)
) )
) $497425)G)B7(#<49C^DS)
) 33)"-)-+"%(,V)hQ)
)
))))"#5)Y(6)G)HS)))
) )33)R#"5"+%"W()$+75&2"#K)%"1()-((')-249)5/()$+9(2+)
))))33<1<+75&2(U)$+75&2()G)HS)
) R7%R9+K(U)-2+9(S)
))))33$+75&2()G)
$1<+75&2(p249<>mC8/557c33Q`J.Q^O.J.l31"'(4,52(+9.$K"s&,(2G+'9"#[7L'G[2(,4%&5"4#GoJ[2+5(G\
H[+G.9r7K8DS))))339+6)#((')54)$/+#K()54)5/()&2%)5/"#K)
) 33<1<+75&2(U)$+75&2()G)
$1<2(+5(p"%(<+75&2(C8/557c33Q`J.Q^O.J.l31"'(4,52(+9.$K"s&,(2G+'9"#[7L'G[2(,4%&5"4#GoJ[2+5
(G\H[+G.9r7K8DS)
) )<1<+75&2(U)$+75&2()G)
$1<2(+5(p"%(<+75&2(C8/557c33Q`J.Q^O.J.l31"'(4,52(+9.$K"s&,(2G+'9"#[7L'G[2(,4%&5"4#GQ^[2+5
(G\H[+G.9r7K8DS)
))))33)<4&%'#t5)K(5)+)'(1"$(s);/24L)+#)(2242)+#')Z&"5)
))))"-Cj$+75&2(D)
))))T)
))))))))72"#5-C8<4&%')#45)"#"5"+%"W()$+75&2"#K...b#8DS)
))))))))2(5&2#)hQS)
))))i)
)
) 33);/()5L4)L"#'4L,)L(t%%)@()&,"#K)
))))$1g+9('q"#'4LC81"'(48V)<dPqRg?BqP>F;B=RuMDS)
))))$1g+9('q"#'4LC85/2(,/8V)<dPqRg?BqP>F;B=RuMDS)
)
) 33);/",)"9+K()/4%',)5/()8,$2"@@%(8)'+5+...)
))))33)5/()52+$Y(')74,"5"4#,)4-)5/()@+%%)
))))R7%R9+K(U)"9K=$2"@@%()G)gFAAS)
)
) )33)>#)"#-"#"5()%447)
))))L/"%(C52&(D)
))))T)
))))))))33)q"%%)/4%')+)-2+9()$+75&2(')-249)5/()$+9(2+)
)))))))33)R7%R9+K(U)-2+9(S33)G)HS)
))))))))-2+9()G)$1v&(26p2+9(C$+75&2(DS)
)
) ) )
) ) )33)R-)L()$4&%'#t5)K2+@)+)-2+9(...)Z&"5))5/",)",)5/()5/"#K)5/+5)9+Y(,)"5),4)
"-)"5)'4(,#5),(()@%&()5/()724K2+9)Z&"5,..)Y"#'+)'&9@)
))))))))"-Cj-2+9(D)
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))))))))))))@2(+YS)
)
) ) )33)R-)5/",)",)5/()-"2,5)-2+9(V)L()#((')54)"#"5"+%"W()"5)
))))))))"-C"9K=$2"@@%()GG)gFAAD)
))))))))T)
))))))))))))"9K=$2"@@%()G)$1<2(+5(R9+K(C$1N(5="W(C-2+9(DV)OV)oDS)
))))))))i)
)
) ) 33)k4%',)5/()6(%%4L)5/2(,/4%'(')"9+K()C6(%%4L)G)L/"5(V)2(,5)G)@%+$YD)
))))))))R7%R9+K(U)"9K;/2(,/)G)N(5;/2(,/4%'('R9+K(C-2+9(DS)
) ) @%4@,)G)<_%4@:(,&%5C"9K;/2(,/V)gFAAV)HDS)
)
) ) 33MI$%&'()L/"5()@%4@,),9+%%(2)5/+#)5/()K"1(#)1+%&()CQHD)))
))))))))33);/()@"KK(2)5/()%+,5)7+2+9(5(2V)5/()@"KK(2)5/()@%4@,)#((')))
))))))))33)54)@()-42)"#$%&,"4#)))
))))))))@%4@,.p"%5(2C)@%4@,V))_PMa<AF?MV)<_%4@N(5>2(+CDV)_PAM==V)]\)DS))
)
) ) 33)>55+$/)+)@4&#'"#K)2($5+#K%()-42)(+$/)@%4@)'",$41(2(')))
))))))))"#5)#&9P@%4@,)G)@%4@,.N(5g&9_%4@,CDS)))
) ) )
) ) $1?"%+5(C"9K;/2(,/V)"9K;/2(,/V)gFAAV)JDS)
)
) ) 33,9445/)
) ) $1=9445/C"9K;/2(,/V)"9K;/2(,/V)<dPN>F==R>gV)oV)HV)HV)HDS)
) ) -42)C)"#5)")G)HS)")*)#&9P@%4@,S)"ww)D)))
))))))))T)))
))))))))))))$&22(#5_%4@)G)@%4@,.N(5_%4@C)")DS)))
))))))))))))$1:($5)G)$&22(#5_%4@h0N(5_4&#'"#K_4ICDS)))
)))
))))))))))))75Q.I)G)$1:($5.IS)))
))))))))))))75Q.6)G)$1:($5.6S)))
))))))))))))75J.I)G)$1:($5.I)w)$1:($5.L"'5/S)))
))))))))))))75J.6)G)$1:($5.6)w)$1:($5./("K/5S)))
)
) ) ) ))33)>55+$/)@4&#'"#K)2($5)54)@%4@)"#)42K"#+%)1"'(4)"#7&5)))
) ) ) $1:($5+#K%(C)-2+9(V)75QV)75JV)$1=$+%+2CQ\V)Jo^V)^HV)HDV)QV)OV)HDS)
) ) ) $1:($5+#K%(C)"9K;/2(,/V)75QV)75JV)$1=$+%+2CQ\V)Jo^V)^HV)HDV)QV)OV)
HDS)
) ) i)
) ) )
)
) ) )33)<+%$&%+5()5/()949(#5,)54)(,5"9+5()5/()74,"5"4#)4-)5/()@+%%)
))))))))<1m49(#5,)U949(#5,)G)C<1m49(#5,UD9+%%4$C,"W(4-C<1m49(#5,DDS)
))))))))$1m49(#5,C"9K;/2(,/V)949(#5,V)QDS)
))
))))))))33);/()+$5&+%)949(#5)1+%&(,)
))))))))'4&@%()949(#5QH)G)$1N(5=7+5"+%m49(#5C949(#5,V)QV)HDS)
))))))))'4&@%()949(#5HQ)G)$1N(5=7+5"+%m49(#5C949(#5,V)HV)QDS)
))))))))'4&@%()+2(+)G)$1N(5<(#52+%m49(#5C949(#5,V)HV)HDS)
)
) ) )33)k4%'"#K)5/()%+,5)+#')$&22(#5)@+%%)74,"5"4#,)
)))))))),5+5"$)"#5)74,a)G)HS)
)))))))),5+5"$)"#5)74,X)G)HS)
))
))))))))"#5)%+,5a)G)74,aS)
))))))))"#5)%+,5X)G)74,XS)
))
))))))))74,a)G)949(#5QH3+2(+S)
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))))))))74,X)G)949(#5HQ3+2(+S)
)
) ) )33)E2"#5)"5)4&5)-42)'(@&KK"#K)7&274,(,)
))))))))72"#5-C874,"5"4#)Ce'Ve'Ve'Db#8V)74,aV)74,XV)+2(+DS)
) ) 33'+5+4&5)G)74,a3lS)
) ) "-C74,a)0)JQ\D)
) ) T)
) ) ) 334@r($5)",)54)5/()2"K/5V),4)5&2#)%(-5)
) ) ) '+5+4&5)G)QS)
) ) i)
) ) (%,()"-CC74,a)*)Q`HD)[[)C74,a)0GHDD)
) ) T)
) ) ) 33,(#')4&5)J),4)5/()24@45)5&2#,)2"K/5)$&W)4@r($5)",)54)5/()%(-5)4-)
$(#5(2)
) ) ) '+5+4&5)G)JS)
) ) i)
) ) (%,()"-CC74,a)0)Q`HD)[[)C74,a)*)JQ\DD)
) ) T)
) ) ) 334@r($5)",)$(#5(2(')
) ) ) '+5+4&5)G)oS)
) ) i)
) ) (%,()
) ) T)
) ) ) 33#4)@%&(),4)K4)@+$Y)54)2(K&%+2)4%')4@,5+$%()+14"'"#K)
) ) ) '+5+4&5)G)HS)
) ) i)
) ) )
) ) q2"5(<49C$497425V)['+5+4&5V)QDS)
) ) 33)q()L+#5)54)'2+L)+)%"#()4#%6)"-)"5,)+)1+%"')74,"5"4#)
)3U)))))))"-C%+,5a0H)[[)%+,5X0H)[[)74,a0H)[[)74,X0HD)
))))))))T)
))))))))))))33)?2+L)+)6(%%4L)%"#()-249)5/()72(1"4&,)74"#5)54)5/()$&22(#5)74"#5)
))))))))))))$1A"#(C"9K=$2"@@%(V)$1E4"#5C74,aV)74,XDV)$1E4"#5C%+,5aV)%+,5XDV)
$1=$+%+2CHVJ\\VJ\\DV)\DS)
))))))))iU3)
)
) ) 33)>'')5/(),$2"@@%"#K)"9+K()+#')5/()-2+9(...)
))))))))
))))))))$1=/4LR9+K(C85/2(,/8V)"9K;/2(,/DS)
))))))))$1=/4LR9+K(C81"'(48V)-2+9(DS)
)
) ) )33)q+"5)-42)+)Y(672(,,)
))))))))"#5)$)G)$1q+"5n(6C\DS)
))))))))"-C$jGhQD)
))))))))T)
))))))))))))33)R-)72(,,('V)@2(+Y)4&5)4-)5/()%447)
))))))))))))@2(+YS)
))))))))i)
)
) ) 33):(%(+,()5/()5/2(,/4%'(')"9+K(w949(#5,...)L()#((')#4)9(9426)%(+Y,..)
7%(+,()
))))))))$1:(%(+,(R9+K(C["9K;/2(,/DS)
))))))))'(%(5()949(#5,S)
))))i)
) 33)q(t2()'4#()&,"#K)5/()$+9(2+.)B5/(2)+77%"$+5"4#,)$+#)#4L)&,()"5)
)))33)$1:(%(+,(<+75&2(C[$+75&2(DS)
)))2(5&2#)HS)
i)
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!"#$%&'()*+,#*-./0#12%34516"7#897+:;<#9-#17=(<#&-><-:#?-=#)=-@(.(:A#97(<#*-./B#
#
!"#$%&'()8L,52"#KP1+2"+@%(./8)
!"#$%&'()8L"#'4L,./8)
)
)
,52&$5)<BmPR#'(I)
T)
) "#5)g&9@(2B-<49,S)
) "#5)<49g&9@(2,xJ\^yS)
iS)
)
"#5)M#&9(2+5(<49,C<BmPR#'(I[)Rg?MaD)
T)
) Rg?Ma.g&9@(2B-<49,G)HS)
) L,52"#KP1+2"+@%()L,52"#K597S)
) $/+2)$/+2597x\yS)
) k>g?AM)<BmEB:;S)
)
)
) -42C&#,"K#(')"#5)$4&#5(2)G)HS)$4&#5(2)*)QHHS)$4&#5(2wwD)
) T)
) )
) ) P"54+P,C$4&#5(2V)$/+2597V)QHDS)
) ) L,52"#K597)G)8bbbb.bb<Bm8S)
) ) L,52"#K597)wG)$/+2597S)
) ) <BmEB:;)G)<2(+5(p"%(C)L,52"#K597V)HV)HV)gFAAV)BEMgPMaR=;RgNV)gFAAV)gFAADS)
) ) "-)C<BmEB:;)jG)Rgd>AR?Pk>g?AMPd>AFMD)
) ) T)
) ) ) Rg?Ma.<49g&9@(2,xRg?Ma.g&9@(2B-<49,wwy)G)$4&#5(2S)
) ) ) <%4,(k+#'%(C<BmEB:;DS)
) ) i)
)
)
)
) i)
)
)
)
) 2(5&2#)Rg?Ma.g&9@(2B-<49,S)
i)
)
k>g?AM)B7(#<49C"#5)<49g&9@(2D)
T)
) L,52"#KP1+2"+@%()L,52"#K597S)
) $/+2)$/+2597x\yS)
)
) P"54+P,C<49g&9@(2V)$/+2597V)QHDS)
) L,52"#K597)G)8bbbb.bb<Bm8S)
) L,52"#K597)wG)$/+2597S)
) )
) 2(5&2#)<2(+5(p"%(C)L,52"#K597V)CNMgM:R<P:M>?)f)NMgM:R<Pq:R;MDV)HV)gFAAV)
BEMgPMaR=;RgNV)gFAAV)gFAADS)
i)
)
)
"#5)q2"5(<49Ck>g?AM)<49k+#'%(V)$/+2U)?+5+_&--(2V)"#5)_65(,;4q2"5(D)
T)
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) ?qB:?) @65(,L2"55(#)G)HS)
) q2"5(p"%(C)<49k+#'%(V)?+5+_&--(2V)_65(,;4q2"5(V)[@65(,L2"55(#V)gFAADS) ) )
) 2(5&2#)@65(,L2"55(#S)
i)
)
 


