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1 Abstract 

The Shop-Mulinator is an autonomous mule robot designed to follow and carry a small, medium, 
or large amount of items while the user or shopper is shopping. The robot should be able to avoid 
walls and objects that are in its way. It also needs to be able to follow the user where ever they 
go indoors. Finally, since this robot is used for shopping, being able to carry a weight is a 
necessity specification for the Shop-Mulinator. 
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2 Executive Summary 

This report has detailed information about a robot named Shop-Mulinator. The Shop-Mulinator 
was named after its’ purpose, which is a mule used for shopping. This mule has 3 main 
objectives that it needs to accomplish, and they are accomplished by using sensors such as the 
Sharp IR sensors, bumper switches, and a webcam, as well as components such as shocks. The 3 
main objectives are to avoid obstacles, follow a user, and withstand the shopping weight. 

The Shop-Mulinator is essentially a metal framed box shielding the mother board with a 4 wheel 
base and a shopping basket placed on the very top. The metal frame was chosen to withstand the 
weight of the shopping items. Extra shocks were installed to enforce it as well. 

For obstacle avoidance, the Sharp IR sensors are used to detect walls and the bumper switches 
are used to kick start a motor as well as avoid any obstacles that surpass the IR sensors. Finally 
the webcam is used for color tracking of the user (shopper). 

The major issue with the robot was when dealing with the ESC for the motor. Since it is a heavy 
robot, it needed a strong enough motor, so it using a RC car DC motor. The RC car DC motor is 
very fast, so to control the speed better, the ESC was used also. 

By spending a lot of time tweaking the ESC and motor, the Shop-Mulinator was finally 
complete. It completes obstacle avoidance very successfully. The color tracking on the robot is 
very accurate and clean. Finally the mule can withstand a lot of weight. Therefore the robot is a 
success and can accomplish all its’ purposes. 
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3 Introduction 

Shopping is one of the most common activities in today’s society. No matter where a person 
travels or reside in the world, goods are always being bought every second. Some carry many 
shopping bags and some less than others but everyone has to carry something when they make a 
purchase. Imagine how much easier shopping would be with an automated robot carrying all the 
weight. The economy might have a slight or significant increase due to shoppers buying more 
items worry free of the weight. Well that distant future of that possibility is not so far. The 
“Shop-Mulinator” is the future of shopping made easy. It is designed to follow a selected user or 
shopper without any remote control enabling the shopper to concentrate more on shopping and 
less on worrying about the carrying amount of the purchased items. 
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4 Integrated System 

The Shop-Mulinator will consist of the following: 

1. Epiphany DIY Circuit Board 
2. Sensors 
3. 4 Wheeled Build 
4. Shopping Basket 

The basic Epiphany DIY circuit board will be used as the motherboard for the robot. It includes 
the ATMEGA64A1 Microcontroller from Atmel, ATMEGA8U2 also from Atmel and 
PIC16F1825. The board also includes 4 different power sources available; one for the motor, one 
for the main power source, another for the servo, and the power for the USB port. For feedback, 
there are 4 LEDs mounted on the board to indicate power from the main source, USB plug, 
debugging process, and programing process. It also comes with an Op amp for voltage regulation 
and finally a reset button to erase the board of any codes. 

For the Shop-Mulinator to function accordingly, it will need to have some sensors. The sensors 
include: SharpIR sensors, bumper switches, and webcam for sensors. 

The Epiphany DIY circuit board with all the wiring will be at the bottom layer of the Shop-
Mulinator, which will be enclosed in an aluminum framing. The circuit container will be on 4 
medium sized wheels running on one actuator with one servo for the front wheels. There will be 
shocks installed on top of the enclosed box to with stand the weight of the shopping items. 

Finally the shopping basket will be placed on top of the aluminum frame. The shopping basket 
will not be attached permanently, but instead will have a socket to be placed in and to keep 
stable. 
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5 Mobile Platform 

The main concern for the Shop-Mulinator’s build is how it needs to be able to withstand the 
weight from all the shopping items. To overcome the weight, the mobile platform is made out of 
aluminum frame with steel brackets fitted on so that a shopping basket can be placed on the top. 
The circuit board is embedded within the aluminum frame and then the whole body is raised up 
with wheels and shocks. 

The aluminum frame for the robot is from a monster truck by Redcat. Since a specific computer 
aided machine is needed to cut out a metal sheet strong enough, the monster truck frame was the 
sufficient way to go. Since the aluminum frame is made for a monster truck, there is already a 
place for a battery, but there still 
needs to be a place for a circuit board 
and of course, the shopping basket. 

The circuit board is raised on top of a 
steel platform equipped from Lowe’s. 
Finally, on top of the aluminum frame 
and the circuit board, pieces of steel 
brackets were put together to make a 
tray like platform to hold the 
shopping basket in place. These steel 
brackets are also from Lowe’s. 

Image 5.1 what the robot looks like with all the aluminum frame, steel brackets placed in the 
right position. In Image 5.2 is what the robot looks like in a complete form with the basket on top. 

 

  

Image 5.1 

 

Image 5.2 
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6 Actuation 

The motor that will be used on this robot is a monster truck DC motor. Since the Shop-
Mulinator’s build is made of aluminum and steel frames, an Epiphany DIY kit for a DC motor is 
too small and too weak. Another alternative was to use a car window actuator, but the actuator 
was too large for the frame size. 

6.1 Driving and Steering 

The steering system goes from the ESC to the motor, which has 
gears for differentials and runs to the 4 wheels. Each pairs of 
wheels, 1 on the front and 1 on the back are connected by 1 servo 
each. The ESC controls the motor’s speed and direction and the 
servo control the turning. For the Shop-Mulinator, the front 
wheel is the only one with the servo connected. This is to keep 
the programming simpler. Image 6.1 shows the driving system 
for the robot. 

 

6.2 DC Motor and ESC 

The remote controlled car’s DC motor comes with an ESC, an electronic speed controller. This 
ESC is from CastleLink and comes with a programmer for setting adjustments such as speed or 
adding reverse mode. Since the monster truck DC motor is too fast, the ESC is an important 
component to the robot in order to control the speed of the movement.  

The coding for the motor is done by using a Pulse Width Modulation, PWM for short. Code 6.2 
shows the set up for the PWM. To set up the PWM, one must know the prescaler and the top 
value for compare and capture. The prescaler and the top value are found by using the main 
microprocessor’s system clock speed, which is 32MHz for the Epiphany DIY board. Finally the 
timer of the ESC’s port must be set to the neutral point, which is a value, 745, for this specific 
ESC. As the values for the timer changes for the motor, the speed also changes. The larger the 
number, the faster the motor will rotate. The smaller the number, the faster the motor will rotate 
in reverse mode. 

Image 6.1 
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Code 6.2 

6.3 Servo 

This robot is a front wheel drive, with 1 standard servo controlling the turning of the 2 front 
wheels. The servo’s turning range is 90! to -90! and is also programmed by the PWM, but instead 
of 745 being the stop time, the servo is set to 750 for 0!. As shown in Code 6.2, there are 2 
repeated set ups for different ports. Port C pin 0 is for the motor and Port D pin 0 is for the servo. 

As the values for the timer changes, the servos are set to 
different angles for turning. The smaller the timer value 
the more negative the angle, and the larger the timer 
value the more positive the angle will be. In Image 6.3 is 
a picture of the servo used in the mule. 

 

In the Code 6.4, the timer values are converted into angle values to make more sense of the timer 
values. Since the servos only go as far as 90! to -90!, the code also has limitations to keep the 
angle bounds within the servo’s capability. 

 

Code 6.4 

  

 

Image 6.3 
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7 Sensors 

The sensors on the Shop-Mulinator consist of 3 main types; IR sensors, bumper switches, and a 
webcam. The robot will have 3 IR sensors. The Sharp IR sensors will be used to detect any walls 
around the robot. Another sensor will be bumper switches, and there will be 2 bumper switches 
in each side of the front panel to sense any objects that are in its path way. A webcam will be 
used to track the user. For the camera to follow, the user will need to be wearing a brightly 
unique color. 

7.1 SharpIR Sensors 

One of the main goals for the “Shop-Mulinator” is to accomplish obstacle avoidance. To do so 
the mule is equipped with 3 Sharp IR sensors. Since the “Shop-Mulinator” is larger in scale, a 20 
to 150cm range IR sensor is preferred. There are 2 IR sensors in the front and 1 in the back of the 
mule. 

The IR sensors are connected through the analog to digital ports on the microprocessor board. 
Since the IR sensors use a 5V input, a voltage regulator has been added in addition to the 
microprocessor board. The circuit for the regulator is shown in Figure 7.1. The voltage regulator 
will take in 9V from the main power supply and make it output a 5V which is then connected to 
a servo power pin to the rest of the board. The signals are read in from the IR sensors into the 
board and displayed on the laptop screen in decimal values. The higher the value the closer the 
wall is to the sensor. Figure 7.2 shows the test coding for the IR sensor. 

 

 

Figure 7.1 
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The code starts out with files to include and define functions. In the main code, there are 
initializations for the ADC ports. The IR sensors are in ADC port A pins 0 to 2 and reading 
values off of these pins will display numbers in decimal on the laptop screen. The number in 
decimal corresponds to the distance between the obstacle and the IR sensor.  

 

Code 7.2 

For this particular robot, these IR sensors are designed to detect mainly walls. To see how well 
these sensors detect white walls, an experiment using white sheet of paper was used to produce 
the data in Table 7.3. Figure 7.4 shows the data with distance on the x axis and decimal values on 
the y axis. 
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Figure 7.4 

 

 

As shown in Figure 7.4, the IR sensor will respond best between the distances of 20 cm to about 
a 100cm. If the robot uses the distance in the range of 100cm to 150cm, it will have a difficult 
time detecting exactly how far the wall is therefore it will not be a very accurate reading. 
Similarly, the IR sensor is not designed to detect anything closer than 20cm, so it will be best to 
avoid using these IR sensors for detecting obstacles in close distance below 20cm.  
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Figure 7.5 

Figure 7.5 is the actual data from the Sharp IR sensor. Compared to the Figure 7.4, which is the 
experimental data, the 2 graphs are very similar. As Figure 7.5 shows, the IR sensors respond 
better with white color than any other color, hence the experiment was done with white sheet of 
paper to show best results. 

7.2 Bumper Switches 

The second type of sensors for the robot to accomplish obstacle avoidance is the bumper 
switches, also known as micro switches. These micro switches are used to detect object that 
surpassed the IR sensors. Since the IR sensors cannot detect anything closer than 20cm, the robot 
needs to have another sensor to detect obstacles close by. For detecting objects closer than 20cm, 
the robot has 2 micro switches installed in the front extension. The micro switches has 3 
connections; common, normally open, and normally closed. The pin, normally closed, is 
connected to ground on the voltage regulator and the pin, normally open, is connected to the 5V 
out of the voltage regulator. The common pin is connected to the signal pin on Epiphany DIY 
board Port D pin 1 and for the other bumper switch the common is connected to Port D pin 2. 
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Figure 7.6 

As shown in Figure 4.1, the ATXMEGA64A1 has ready to use pull-up configurations built in 
internally in the chip. The code for the micro switch will be simply comparing whether the input 
of the switch is 1 or 0. If it is 1, then it means the switch has been pressed and there is an object 
in the way. If it is 0 on the input, then it means the switch has not been pressed and it is clear to 
drive forward.  

 

Code 7.7 

The above code, Code 7.7, is the set up for the bumper switches. For the bumper switches to 
work when pressed down, the pins need to be in a pull up form. Also the bumper switches would 
be most practical if they were triggered as soon as they are pressed, so the pins need to trigger on 
the rising edge of the signal. The count value is used just to keep track of whether the motor has 
started yet or not. 

Since one of the bumper switches is used for a trigger for the motor to start, Code 7.8 is to start 
the motor. It senses the bumper being hit and as soon as there is a signal, the ESC will receive 
the signal and the motor will start spinning. This a more practical way since to start the motor, 
the timer value must be in a neutral position for some time. So instead of making a delay loop 
having a switch to trigger is more efficient. 
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Code 7.8 

Finally, the main code for the bumper is shown in Code 7.9. This part of the code is when the 
robot hits an object or obstacle with its front bumpers, the robot will turn left or right to avoid it. 

 

Code 7.9 

7.3 Webcam 

The final sensor is considered a special sensor. The “Shop-Mulinator’s” special sensor is the 
webcam. The webcam is used to accomplish the user following behavior. It is connected through 
the laptop and will be coded to search for a specific color and will then follow that color. The 
color must be very distinctive and bright so it is easy for the camera to detect, but it also cannot 
be a common color since the robot needs to follow one user and not multiple. 

Codes 7.10 and 7.11 are the main part of the codes for the webcam. Since the webcam is 
connected to the laptop, the software used for the webcam color tracking is Visual Studios and 
OpenCV.  This code is transmitted using XBEE from the laptop to the Epiphany DIY board and 
analyzed by the code in AVR Studios. The Code 7.10 is from Visual Studios. The code takes in 
position readings of a unique color of the user and sends the position to the Epiphany DIY board. 
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When the position readings have been taken in, Code 7.11 will analyze the position and turn the 
servo in the specified position. In the beginning the robot only analyzed 3 positions, straight, 
right and left, but it was not precise enough for the robot to follow the user. So instead of 3 
positions, it is now 5 positions: hard left, slight left, hard right, slight right, and straight. 

 

Code 7.10 

 

Code 7.11 
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The following images are from the experiment for color tracking. The Shop-Mulinator is 
programmed to track a shocking pink color. This color was chosen because of the brightness and 
the ease of spotting, also it is a unique color not many people will be wearing. Also, in the code 
for the color tracking, the range of hue is narrower to eliminate any noise of other pixels of 
pinkish colors around the actual target. 

 

Image 7.17.2 

 

 

Image 7.17.3 
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Image 7.17.4 
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8 Lessons Learned 

There are a couple of lessons learned from this process in robot making. The biggest lesson was 
tweaking the ESC just to get the right speed on the motor. Since the Shop-Mulinator runs on a 
RC car DC motor, it is very fast without adjusting and without an ESC. Unfortunately, even with 
an ESC, the motor is still pretty strong for a smooth slow cruising drive. 

Also, since this robot is for carrying items, weight is a major issue for the robot speed. The robot 
had to be fully loaded every time it needed a test run to check motor speed. Having no basket and 
no shopping items would make the robot move very fast, but putting more shopping items would 
slow down the motor too much and did not run smoothly. 

Another factor to the fast motor is to tweak the IR sensors. Since the robot was moving too fast, 
the IR sensors had to be triggered way earlier than the desired distance. The reaction time from 
the IR sensor took longer than the wheels driving forward and the Shop-Mulinator had a difficult 
time dodging any obstacles or walls. 
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9 Conclusion 

The Shop-Mulinator is an automated robot that eases the load of shopping items of the 
owner. Its sensors and functions include IR sensors to avoid walls and any object that gets in 
its way, bumper switch is enabled if for any reason the IR sensors fail its obstacle avoidance, 
and a webcam that color tracks the owners set color in order to track and follow the 
programmed color. For future projects, the robot may be better if it was not made form steel 
brackets but a lighter piece of metal. Also it might be better to find a motor other than a RC 
car motor for smoother operation. 
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11 Appendices 

Appendix A 
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":+>#-&(C#.)S#3C3041#'(#iW%!]UT30+3A1#=4*#>'(6+>#T#dlUUUU#
"dlUUUU#'1#>&C#2',,4*#/:&(#d]]id#1+#13&04#'/#6+>(#2C#6'5'6'(,#'/#2C#dl#K/*'&0#&(#4**+*L#
"dlUUUU!fd#'1#,++6@#27/#/:4#/'-4*1#6+#(+/#:&54#=*413&04*#+B#fd@#/:4C#:&54#dl#1+#714#dl#
"/'-4*#'('/'&0'a&/'+(#B+*#-+/+*T)+*/#.U@#)+*/#<U#B+*#B*+(/#14*5+#
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!#
####)?9E.^<89#T#UVUJ[#!!14/#=+*/3U#/+#+7/=7/#2*4&A6+>($$PUUUU#ff$B+*#712#+7/=7/@#ff$B+*#
='(U#&(6#f#
# )?9E<^<89#T#UVUf[#!!14/#=+*/6U#/+#+7/=7/#2*4&A6+>($$PUUUU#UUUf#B+*#='(U#
#
# E..U^)F9#T#fUUUU[#!!/:4#/+=#5&074#'B#C+7#6'5'64#dlUUUU!dl#
# E.<U^)F9#T#fUUUU[#
# #
# E..U^.E9R;#T#UVU][#!!=*413&04*#'1#dl# #
# E.<U^.E9R;#T#UVU][#
# #
# E.<U^..;#T#_]U[#!!/:4#>'(6+>#B+*#)h%#>'(6+>#'1#f-1#/+#W-1#
# # # # # !!3+-=&*4#/+#U#/+#fUUUU#3+7(/#$$P#:&0B#>&C#fM]-1#T#_]UU#
# # # # # !!-+54#&#643'-&0#=0&34#+54*#1+#'/1#_]UM#
# # # # # !!14/#14*5+#/+#&(#&(,04#/+#U#KfM]-1#-&*AL#B+*#
'('/'&0'a&/'+(#
# E..U^..;#T#_l][#!!14/#/:4#(7-24*#3+**41=+(6'(,#/+#(47/*&0#B+*#-+/+*M#1&-4#&1#fM]-1#
# # # # # !!0++A#7=#+(#/:4#413#=*+,*&--4*#
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# # # # # !!/:'1#'('/'&0'a41#/:4#-+/+*#&/#1/+=#/+#=&11#/:*+7,:#
&*-'(,#/'-4#B+*#413#
# #
# E..U^.E9Re#T#UVfi[#!!#14043/#3&=/7*4#3+-=&*4#B+*#)+*/.#c#<#&(6#1'(,04#10+=4#>&54#
# E.<U^.E9Re#T#UVfi[#
#
!"""""""""""""""""""""""""""""""""""""""""""""""""""""""#
"E:4#27-=4*1#&*4#3+((43/46#/+#/:4#)?9E<#='(1M#W#&/#/:4#B*+(/#+B#/:4#*+2+/M#
"m?#K(+*-&00C#+=4(T,*44(L#T#]H@#m.#K(+*-&00C#30+146T2*+>(L#T#,(6@#.#K3+--+(T*46L#T#1',(&0#
")?9E<#)'(#f#&(6#W#&*4#B+*#27-=4*1@#&(6#(4461#/+#24#14/#/+#=700#7=#B+*#'(=7/#
""""""""""""""""""""""""""""""""""""""""""""""""""""""""!# #
# )?9E<^)8mf.E9R#T#UVfZ[#!!UU#UffT=7007=#B+*#'(=7/@#UUfT*'1'(,#46,4####
# )?9E<^)8mW.E9R#T#UVfZ[#
# #
# 7'(/n^/#3+7(/#T#U[#!!7146#B+*#/:4#27-=4*#3+7(/M#/:4#27-=4*#'1#=*41146#U#/'-41#'(#
/:4#24,'(('(,#B+*#'('/'&0'a&/'+(#
#
!""""""""""""""""""""""""""""""""""""""""""""""""""""""#
"E:'1#'1#>:4*4#/:4#=*+,*&-#0++=1#'(B'('/40C@#&00#-&'(#&3/'+(1!=*+,*&-#'1#6+(4#:4*4#
"""""""""""""""""""""""""""""""""""""""""""""""""""""""!#
>:'04#KfLY#
# &1-KQ(+=QL[#
# #
# ;<.;^*4b741/KU@#FV/4*(&0.:&((40UL[## !!B*+(/#89#
# ;<.;^*4b741/Kf@#FV/4*(&0.:&((40fL[## !!B*+(/#89#
# ;<.;^*4b741/KW@#FV/4*(&0.:&((40WL[## !!2&3A#89# #
# #
# 'B#K;<.;^.jU^.+(5.+-=04/4TTf@#;<.;^.jf^.+(5.+-=04/4TTf@#;<.;^.jW^.+(5.+-=04/4TTfLY
# !!'B#/:4#B0&,#B+*#;<.o1#&*4#/*74#
# # #
# # 7'(/fd^/#B*+(/f#T#;<.;^,4/H&0KUL[# # !!,4/#5&074#+B#/:4#B*+(/#89#14(1+*D#
*',:/#
# # 7'(/fd^/#B*+(/W#T#;<.;^,4/H&0KfL[# # !!,4/#5&074#+B#/:4#143+(6#B*+(/#89#
14(1+*D#04B/#
# # 7'(/fd^/#2&3Af#T#;<.;^,4/H&0KWL[# # !!,4/#5&074#+B#/:4#89#14(1+*#'(#
/:4#2&3A#
# # #
# !!/+#1/&*/#/:4#-+/+*@#:'/#/:4#04B/#27-=4*#
# !!-+/+*#5&0741D#B700#*454*14TfMUln-1T]Wl@#(47/*&0TfMl_Z-1T_iZ@#B700#
B+*>&*6TfMZfU-1TZ]]#
# # 'B#K3+7(/OfLY## !!'B#/:4#04B/#27-=4*#'1#=*41146#6+>(#B+*#/:4#B'*1/#/'-4@#
3+7(/#'1#0411#/:&(#f#
# # # 'B#KK)?9E<M8m#cT#UVUWL#TT#UVUWLY# !!UUUU#UUfU# 04B/#1'64#27-=4*#
# # # # =*'(/BKQpppppIE;9E#%+/+*pppppq*q(QL[#
# # # # !!ppppppppppppppp1:++/#/+#fUUr#B+*#54*C#0'//04#/'-4#&(6#/:4(#
10+>#'/#6+>(#0+>@#0'A4#,'5'(,#&#A'3A#1/&*/#
# # # # !!6+#/:4#1&-4#B+*#2&3A>&*61#&(6#4V=4*'-4(/#
# # # # E..U^..;Tnf][#
# # # # ^640&C^-1KfL[#
# # # # E..U^..;TZ]][#
# # # # ^640&C^-1KfM]L[#
# # # # E..U^..;TnWU[###################!!/'-4*#3+7(/4*#n_U#3+(/*+01#
/:4#1=446M#/:'1#(7-24*#:&1#/+#24#:',:#4(+7,:#/+#,4/#4(+7,:#
# # # # # # # # # # #
# !!4(4*,C#B+*#/:4#-+/+*M#'B#/++#0+>@#'/#>'00#24#&#(47/*&0@#+*#'/#>'00#1='(#1/+=#
1='(#1/+=#*4=4&/460C#
# # # # 3+7(/``[# # # # # # !!&66#f#/+#
3+7(/#1+#/:4#27-=4*#>'00#(+/#/*',,4*#/:4#1/&*/#+B#/:4#-+/+*#/:4#143+(6#/'-4M#



24 
 

# # # \# # # # #
# # \#
# # # #
# !!'B#/:4#-+/+*#'1#&0*4&6C#*7(('(,@#/:4(#6+#+21/&304#&5+'6&(34#&(6#3+0+*#/*&3A'(,#
# !!89#:',:#5&074#T#>&00@#/7*(#&>&C#B*+-#/:4#>&00#&(6#/:4(#A44=#-+5'(,#B+*>&*6#
# ###'B#K3+7(/TTfLY#
# # # 'B#KB*+(/fPT_UULY#!!ppppppppppppppppp:&54#/:4#'*#14(14#B7*/:4*#&>&C#
/+#24#1&B4#B+*#+21/&304#&5+'6&(34#
# # # # 'B#KB*+(/WPTn]ULY#
# # # # # =*'(/BKQh;RRRRR@#r6@#r6q*q(Q@#B*+(/f@#B*+(/WL[#
# !!>&001#64/43/46#2C#2+/:#89@#04B/#&(6#*',:/M#
# # # # # B*+(/14*5+&(,04K$n]L[# # # # #
# # # # # # # # !!,+#2&3A>&*61@#&>&C#B*+-#>&00M#
# # # # # E..U^..;T_l][## # # # # #
# # # !!640&C#/+#>&'/#7(/'0#'/#-+541#2&3A#
# # # # # ^640&C^-1KfL[#
# # # # # E..U^..;T]Wl[#
# # # # # ^640&C^-1KfM]L[# # # # # #
# # # # !!/:4(#1/&*/#-+5'(,#B+*>&*6#&,&'(#
# # # # # E..U^..;TdfU[#
# # # # \# # # # #
# # # # 4014#Y#
# # # # # =*'(/BKQRFJE#'*#r6@#r6q*q(Q@#B*+(/f@#B*+(/WL[#
# !!>&00#64/43/46#2C#s71/#/:4#04B/#89@#
# # # # # B*+(/14*5+&(,04K$n]L[# # # # #
# # # !!1+#s71/#/7*(#&>&C#B*+-#/:4#04B/M#
# # # # \# # # # #
# # # \# # # # #
# # # 4014#'B#KB*+(/WPT_UULY#
# # # # 'B#KB*+(/fPTn]ULY#
# # # # # =*'(/BKQh;RRRRR@#r6@#r6q*q(Q@#B*+(/f@#B*+(/WL[#
# !!>&001#64/43/46#2C#2+/:#89@#04B/#&(6#*',:/M#
# # # # # E..U^..;T_l][#
# # # # # B*+(/14*5+&(,04Kn]L[## # # # #
# # # # !!1+#,+#2&3A>&*61M#
# # # # # ^640&C^-1KfL[#
# # # # # E..U^..;T]Wl[#
# # # # # ^640&C^-1KfM]L[# # # # # #
# # # # !!>&'/#/+#-+54#2&3A#4(+7,:#1=&34#
# # # # # E..U^..;TdfU[## # # # # #
# # # !!/:4(#1/&*/#-+5'(,#B+*>&*6#&,&'(#
# # # # \#
# # # # 4014#Y#
# # # # # =*'(/BKQ98XjE#'*#r6@#r6q*q(Q@#B*+(/f@#B*+(/WL[#
# !!>&00#64/43/46#+(0C#+(#/:4#*',:/#1'64#
# # # # # B*+(/14*5+&(,04Kn]L[## # # # #
# # !!s71/#/7*(#&>&C#B*+-#/:4#*',:/M#
# # # # \#
# # # \# # # # # # # # # #
# # #
# # # 4014#'B#K2&3AfPTfnUULY#
# # # # =*'(/BKQe;.t#'*#r6q*q(Q@2&3AfL[# # # # #
# # !!2&3A#'*#64/43/46#/:4#>&00#
# # # # E..U^..;T_l][## # # # # # #
# # # !!1/+=#/:4#-+/+*#
# # # # B*+(/14*5+&(,04KUL[# # # # # # #
# # # !!-&A4#>:4401#1/*&',:/#
# # # # ^640&C^-1K]L[#
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# # # # E..U^..;Tnf][#
# # # # ^640&C^-1KfL[#
# # # # E..U^..;TZ]][#
# # # # ^640&C^-1KfM]L[# # # # # # #
# # # # !!>&'/#&#0'//04#
# # # # E..U^..;TnWU[## # # # # # #
# # # !!/:4(#,+#'(#/:4#B+*>&*6#6'*43/'+(M#
# # # \#
# # # 4014#'B#KK)?9E<M8m#cT#UVUWL#TT#UVUWLY# # !!UUUU#UUfU# 04B/#
1'64#27-=4*#
# # # # =*'(/BKQRFJE#27-=#r6q*q(Q@#3+7(/L[## !!'B#'/#:'/1#/:4#
04B/#27-=4*#
# # # # B*+(/14*5+&(,04KnUL[## # # # !!/7*(#/:4#
14*5+#
# # # # E..U^..;T_l][## # # # # # #
# # !!640&C#/+#>&'/#7(/'0#'/#-+541#2&3A#
# # # # ^640&C^-1K]L[#
# # # # E..U^..;T]fU[#
# # # # ^640&C^-1KfL[## # # # # # #
# # !!/:4(#1/&*/#-+5'(,#B+*>&*6#&,&'(#
# # # # E..U^..;TdUU[#
# # # # ^640&C^-1K]L[## # # # # # !!&(6#
,+#2&3A>&*61#
# # # \#
# # # 4014#'B#KK)?9E<M8m#cT#UVUlL#TT#UVUlLY# # !!UUUU#UfUU#*',:/#
1'64#27-=4*#
# # # # =*'(/BKQ98XjE#27-=#r6q*q(Q@#3+7(/L[# # !!'B#'/#:'/1#
/:4#*',:/#27-=4*#
# # # # B*+(/14*5+&(,04K$nUL[# # # # # !!14/#
/:4#14*5+#/+#/7*(#
# # # # E..U^..;T_l][## # # # # # #
# # !!640&C#/+#>&'/#7(/'0#'/#-+541#2&3A#
# # # # ^640&C^-1K]L[#
# # # # E..U^..;T]fU[#
# # # # ^640&C^-1KfL[## # # # # # #
# # !!/:4(#1/&*/#-+5'(,#B+*>&*6#&,&'(#
# # # # E..U^..;TdUU[#
# # # # ^640&C^-1K]L[## # # # # !!&(6#,+#
2&3A>&*61#
# # # \#
# # # 4014#Y#
# # # # =*'(/BKQ(+#>&00q*q(QL[# # # # # #
# # # !!(+/:'(,#'1#64/43/46#
# # # # =*'(/BKQ(+#27-=@#3+7(/T#r6q*q(Q@#3+7(/L[# # #
# !!6'1=0&C#3+7(/#B+*#6427,,'(,#=7*=+141@#1:+706#24#f#*',:/#:4*4## #
# # # # =*'(/BKQ6&/&#T#rVq*q(Q@SI;9EFfM<;E;L[# # # #
# !!'B#(+/:'1#'1#64/43/46#3+(/'(74#3+0+*#/*&3A'(,#
# # # # E..U^..;TnW_[## # # # # # #
# # # !!*',:/#(+>#'/#'1#'(#:4VM#
# # # # # # # # # # # # #
# # # # # !!3:&(,4#'/#/+#643'-&0#-',:/#24#-+*4#:40=B70M#
# # # # 'B#KSI;9EFfM<;E;#TTffLY#
# # # # # B*+(/14*5+&(,04K]UL[#
# # # # # =*'(/BKQ,+#10',:/#04B/q*q(QL[#
# # # # \#
# # # # 'B#KSI;9EFfM<;E;#TTfWLY#
# # # # # B*+(/14*5+&(,04K_]L[#
# # # # # =*'(/BKQ,+#:&*6#04B/q*q(QL[#
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# # # # \#
# # # # 'B#KSI;9EFfM<;E;#TTWfLY#
# # # # # B*+(/14*5+&(,04K$]UL[#
# # # # # =*'(/BKQ,+#10',:/#*',:/q*q(QL[#
# # # # \# # # # #
# # # # 'B#KSI;9EFfM<;E;#TTWWLY#
# # # # # B*+(/14*5+&(,04K$_]L[#
# # # # # =*'(/BKQ,+#:&*6#*',:/q*q(QL[#
# # # # \#
# # # # 'B#KSI;9EFfM<;E;#TTULY#
# # # # # B*+(/14*5+&(,04KUL[#
# # # # # =*'(/BKQ,+#1/*&',:/q*q(QL[#
# # # # # !!'B#KB*+(/fPdUUcB*+(/fO_UUuuB*+(/WPdUUcB*+(/WO_UUL#
# # # # # !!E..U^..;T_l][#
# # # # \#
# # # # # # # # # # # # # #
# # # \# #
# # \# #
# # ^640&C^-1K]UL[# #
# \#!!30+14#/:4#'B#1/&/4-4(/#B+*#/:4#;<.#B0&,#
\#!!30+14#/:4#>:'04#0++=#
\#!!30+14#/:4#-&'(#0++=#
 

Appendix B 

!"#
E:'1#3+64#'1#-&64#2C#S/A&*1:#
E:4#0'(AD#://=D!!>>>M&'1:&3AM'(!WUfU!U_!/*&3A'(,$3+0+*46$+2s43/1$'($+=4(35!#
h'/:#1-&00#46'/1#2C#%&*'(&#G+A+/&#
E:'1#3+64#'1#s71/#B+*#3+0+*#/*&3A'(,#B*+-#/:4#3&-4*&#
&(6#14(6#/:&/#6&/&#/+#/:4#2+&*6M#
"!#
#
N'(30764#O35M:P#
N'(30764#O:',:,7'M:P#
N'(30764#O.?%B7(3/M:P# # # !!.+64#B+*#3+-=+*/#3+--7('3&/'+(#2C#.:*'1M#
#
8=08-&,4"#X4/E:*41:+06468-&,4K8=08-&,4"#'-,L#
Y#
# !!#.+(54*/#/:4#'-&,4#'(/+#&(#jIH#'-&,4#
####8=08-&,4"#'-,jIH#T#35.*4&/48-&,4K35X4/I'a4K'-,L@#n@#iL[#
####35.5/.+0+*K'-,@#'-,jIH@#.H^eX9WjIHL[#
# 8=08-&,4"#'-,E:*41:46#T#35.*4&/48-&,4K35X4/I'a4K'-,L@#n@#fL[#
# 358(9&(,4IK'-,jIH@#35I3&0&*Kf]U@#fUU@#fUUL@#35I3&0&*Kfdn@#W]]@#W]]L@#'-,E:*41:46L[#
# 359404&148-&,4Kc'-,jIHL[#
####*4/7*(#'-,E:*41:46[#
\#
#
'(/#-&'(KL#
Y#
# #
# 3:&*#+7/=7/[# # # # !!/:4#(&-4#B+*#+7/=7/#6&/&@#>:'3:#'(#/:'1#3&14#
'1#/:4#=+1'/'+(#'(#V#3++*6'(&/4#
# j;m<RF#3+-=+*/[# # # # !!/+#3&00#/+#/:4#3+-=+*/#
#
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# 3+-=+*/#T#?=4(.+-K_L[# # !!+=4(#/:4#3+-=+*/#B+*#/:4#V244#K>:'3:#'1#
3+-=+*/#_L#&(6#(&-4#'/#3+-=+*/#
#
# #!!#8('/'&0'a4#3&=/7*'(,#0'54#B446#B*+-#/:4#3&-4*&#
####.5.&=/7*4"#3&=/7*4#T#U[#
####3&=/7*4#T#35.&=/7*4J*+-.;%KUL[## # !!/:'1#'1#B+*#/:4#>423&-#
# !!3&=/7*4#T#
35.*4&/4J'04.&=/7*4KQ://=D!!fZWMfdnMfi_MWfdDnUZU!5'64+1/*4&-M3,'v714*T&6-'(c=>6Tc&TM-s=,Q
L[##!!#J+*#8)#3&-#
#
####!!#.+706(o/#,4/#&#645'34v#E:*+>#&(#4**+*#&(6#b7'/#
####'BKp3&=/7*4L#
####Y#
########=*'(/BKQ.+706#(+/#'('/'&0'a4#3&=/7*'(,MMMq(QL[#
########*4/7*(#$f[#
####\#
#
# !!#E:4#/>+#>'(6+>1#>4o00#24#71'(,#
####35m&-46h'(6+>KQ5'64+QL[#
####35m&-46h'(6+>KQ/:*41:QL[#
#
# !!#E:'1#'-&,4#:+061#/:4#Q13*'2204Q#6&/&MMM#
####!!#/:4#/*&3A46#=+1'/'+(1#+B#/:4#2&00#
####8=08-&,4"#'-,I3*'2204#T#mSRR[#
#
# #!!#;(#'(B'('/4#0++=#
####>:'04K/*74L#
####Y#
########!!#h'00#:+06#&#B*&-4#3&=/7*46#B*+-#/:4#3&-4*&#
########8=08-&,4"#B*&-4#T#U[#
########B*&-4#T#35w74*CJ*&-4K3&=/7*4L[#
#
# # !!#8B#>4#3+706(o/#,*&2#&#B*&-4MMM#b7'/#
########'BKpB*&-4L#
############2*4&A[#
#
# # !!#8B#/:'1#'1#/:4#B'*1/#B*&-4@#>4#(446#/+#'('/'&0'a4#'/#
########'BK'-,I3*'2204#TT#mSRRL#
########Y#
############'-,I3*'2204#T#35.*4&/48-&,4K35X4/I'a4KB*&-4L@#n@#iL[#
########\#
#
# # !!#j+061#/:4#C400+>#/:*41:+0646#'-&,4#KC400+>#T#>:'/4@#*41/#T#20&3AL#
########8=08-&,4"#'-,G400+>E:*41:#T#X4/E:*41:+06468-&,4KB*&-4L[#
#
# # #!!#.&0370&/4#/:4#-+-4(/1#/+#41/'-&/4#/:4#=+1'/'+(#+B#/:4#2&00#
########.5%+-4(/1#"-+-4(/1#T#K.5%+-4(/1"L-&00+3K1'a4+BK.5%+-4(/1LL[#
########35%+-4(/1K'-,G400+>E:*41:@#-+-4(/1@#fL[#
##
########!!#E:4#&3/7&0#-+-4(/#5&0741#
########6+7204#-+-4(/fU#T#35X4/I=&/'&0%+-4(/K-+-4(/1@#f@#UL[#
########6+7204#-+-4(/Uf#T#35X4/I=&/'&0%+-4(/K-+-4(/1@#U@#fL[#
########6+7204#&*4&#T#35X4/.4(/*&0%+-4(/K-+-4(/1@#U@#UL[#
#
# # !!#j+06'(,#/:4#0&1/#&(6#37**4(/#2&00#=+1'/'+(1#
########1/&/'3#'(/#=+1g#T#U[#
########1/&/'3#'(/#=+1G#T#U[#
##
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########'(/#0&1/g#T#=+1g[#
########'(/#0&1/G#T#=+1G[#
##
########=+1g#T#-+-4(/fU!&*4&[#
########=+1G#T#-+-4(/Uf!&*4&[#
#
# # !!#)*'(/#/:4#=+1'/'+(#+B#V#&(6#C#3++*6'(&/41#
########=*'(/BKQ=+1'/'+(#Kr6@r6Lq(Q@#=+1g@#=+1GL[#
#
# # +7/=7/#T#=+1g!l[# # # !!/:4#V#5&074#,+41#B*+-#U#/+#fUUU#&1#'/#
,+41#B*+-#*',:/#/+#04B/#
# # # # # # # # # !!1+#13&04#'/#6+>(#/+#,4/#
'/#'(#/:4#U#/+#W]]#*&(,4#
# # # # # # # # # !!6'5'64#2C#l#>'00#6+#U#/+#
W]U#*&(,4#
# # 'B#K=+1gOULY\#!!6+#(+/:'(,#'B#/:4#=+1'/'+(#'1#(4,&/'54#
# # 'B#K=+1gPlWUc=+1gO]WUL# # # # #
# # Y#
# # # +7/=7/TWf[#
# # # =*'(/BKQ10',:/#98XjEq*q(QL[#
# # # h*'/4.+-K3+-=+*/@c+7/=7/@fL[#
# # \#
# # 'B#K=+1gP]WUL## # # #
# # Y#
# # # +7/=7/TWW[#
# # # =*'(/BKQ:&*6#98XjEq*q(QL[#
# # # h*'/4.+-K3+-=+*/@c+7/=7/@fL[#
# # \#
# # 'B#K=+1gPnUc=+1gOWiUL#
# # Y#
# # # +7/=7/Tff[#
# # # =*'(/BKQ10',:/#RFJEq*q(QL[#
# # # h*'/4.+-K3+-=+*/@c+7/=7/@fL[#
# # \#
# # 'B#K=+1gPUc=+1gOnUL#
# # Y#
# # # +7/=7/TfW[#
# # # =*'(/BKQ:&*6#RFJEq*q(QL[#
# # # h*'/4.+-K3+-=+*/@c+7/=7/@fL[#
# # \#
# # 'B#K=+1gPWiUc=+1gOlUUL#
# # Y#
# # # +7/=7/TU[#
# # # =*'(/BKQI/*&',:/q*q(QL[#
# # # h*'/4.+-K3+-=+*/@c+7/=7/@fL[#
# # \#
#
# # !!14(6#/:4#=+1'/'+(#+B#'/4-#/+#/:4#3+-=+*/#/:*+7,:#V244#
# # h*'/4.+-K3+-=+*/@c+7/=7/@fL[#
#
# # #!!#h4#>&(/#/+#6*&>#&#0'(4#+(0C#'B#'/1#&#5&0'6#=+1'/'+(#
########'BK0&1/gPU#cc#0&1/GPU#cc#=+1gPU#cc#=+1GPUL#
########Y#
############!!#<*&>#&#C400+>#0'(4#B*+-#/:4#=*45'+71#=+'(/#/+#/:4#37**4(/#=+'(/#
############35R'(4K'-,I3*'2204@#35)+'(/K=+1g@#=+1GL@#35)+'(/K0&1/g@#0&1/GL@#
35I3&0&*KU@W]]@W]]L@#]L[#
########\#
#
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# # #!!#;66#/:4#13*'220'(,#'-&,4#&(6#/:4#B*&-4MMM#
########35;66KB*&-4@#'-,I3*'2204@#B*&-4L[#
########35I:+>8-&,4KQ/:*41:Q@#'-,G400+>E:*41:L[#
########35I:+>8-&,4KQ5'64+Q@#B*&-4L[#
#
# # !!#h&'/#B+*#&#A4C=*411#
########'(/#3#T#35h&'/t4CKfUL[#
########'BK3pT$fL#
########Y#
############!!#8B#=*41146@#2*4&A#+7/#+B#/:4#0++=#
############2*4&A[#
########\#
#
# # !!#9404&14#/:4#/:*41:+0646#'-&,4`-+-4(/1MMM#>4#(446#(+#-4-+*C#04&A1MM#
=04&14#
########359404&148-&,4Kc'-,G400+>E:*41:L[#
########6404/4#-+-4(/1[#
####\#
#
# !!#h4o*4#6+(4#71'(,#/:4#3&-4*&M#?/:4*#&==0'3&/'+(1#3&(#(+>#714#'/#
####359404&14.&=/7*4Kc3&=/7*4L[#
####*4/7*(#U[#
\#
 


