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-- Opportunity --
We want AutonoTech to drive autonomously, which we use an ultrasonic sensor to detect

potential obstacles in the front, and AutonoTech decides whether to make a turn or keep driving forward.
No matter it is in driving mode or stop mode, AutonoTech always uses an IMU to detect the surrounding
temperature in order to decide whether there is a potential fire in the house. When the detected
surrounding temperature is above 50℃, the buzzer will make an alarm sound, AutonoTech will stop, and
red LEDs and yellow LEDs will flash one by one. The buzzer will stop the alarm when the user presses
the button or the surrounding temperature drops to normal room temperature. (For demonstration
purposes, we set a temperature threshold of 30℃) While AutonoTech is moving forward, it lights up the
green LEDs which indicates the daytime running light. While AutonoTech is turning left, left-side yellow
LEDs will flash and the buzzer will make a left-turn monophonic sound. While AutonoTech is turning
right, right-side yellow LEDs will flash and the buzzer will make a right-turn monophonic sound. While
AutonoTech is making a U-turn,  all yellow LEDs and red LEDs will flash at the same time and the
buzzer will make a two-tone sound. When AutonoTech makes three U-turns in 12 seconds, AutonoTech
will treat itself as "Got Trapped", the buzzer will make Nokia music, and it will light up all red LEDs.
AutonoTech also has an entertainment system, in which users can turn the potentiometer to switch songs.
While AutonoTech stops, users can switch to Merry Christmas or by default no sound. While
AutonoTech is driving, users can switch music between Super Mario Bros or Imperial March Star Wars
or by default no sound. In addition for our initially desired functionality, we wanted to control the turning
angle to be 90 degrees/turn and achieve 88 degrees/turn. For the U-turn, we wanted to control the turning
angle to be 360 degrees/U-turn and achieve 350 degrees/U-turn.

--Integrated physical device --
For this project, we use ESP 32 as the control board. The sensors we are using are Ultrasonic

Sensor for navigation while detecting obstacles and IMU LSM6DSO sensor for checking the surrounding
temperature. (Label on the Top view) For actuators, we have a switch press buttom, two DC motors one
on each side of the robot which transmits power to drive the robot, 16 LED lights, and a buzzer that
indicates the behavior and status of the robot. In addition to actuators, we have a potentiometer for the
entertainment system which can switch songs. (Label on Front view and Top view) In addition, looking at
the side and bottom view, the driving system is integrated with DC motor, gearbox, drive wheel, plastic
idler, a slot for adjustable tensioner idler bearing, and drive track.

Front view Side view
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Top view Bottom view

-- Function-critical decisions --
One of the function-critical components decisions we made was not adding bearings to support the shaft
between the motor gearbox output and the drive wheels. In theory, for mechanism advantage, if the
torque on the drive shaft is larger than the torque output on the gearbox, we will need to add bearings on
both sides of the shaft to reduce the load and bending force to protect the drive shaft. However, in our
cause:

𝑅𝑜𝑏𝑜𝑡 𝑀𝑎𝑥 𝑊𝑒𝑖𝑔ℎ𝑡:  𝑀 =  𝑀𝑔 =  2𝑁
𝐷𝑟𝑖𝑣𝑒 𝑆ℎ𝑎𝑓𝑡/𝑐𝑜𝑢𝑝𝑙𝑖𝑛𝑔:  𝑑 =  2. 8 𝑐𝑚 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑛 𝑒𝑎𝑐ℎ 𝑤ℎ𝑒𝑒𝑙𝑠 : 𝑊 =  𝑀𝑔
4  =  0. 5𝑁

𝑇𝑜𝑟𝑞𝑢𝑒 𝑜𝑛 𝑡ℎ𝑒 𝑑𝑟𝑖𝑣𝑒 𝑠ℎ𝑎𝑓𝑡:  𝑇
𝑑

= 𝑊 · 𝑑 = 0. 5𝑁 × 0. 028𝑚 =  0. 014 𝑁𝑚  

Torque on each motor gearbox shaft output = 1.2 KGF.CM𝑇
𝑔

𝑇
𝑔 

= 1. 2𝐾𝐺𝐹. 𝐶𝑀 × 0.098𝑁𝑀
1𝐾𝐺𝐹.𝐶𝑀  =  0. 1176 𝑁𝑚

𝑇
𝑑

< 𝑇
𝑔

Based on the torque calculation above we conclude that the torque on the drive shaft is about of the1
10

motor gearbox shaft. Also, the weight of the robot is light. As a result, we won’t necessarily need a
bearing to support the shaft between the motor output and drive wheels. This can save our bill of
materials.

-- Circuit diagram --
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-- State Transition Diagram --

-- Reflection --
For a group of 2 people team, there are three strategies that worked well for our group such as building
trust and respect for each other, clearly defining roles and responsibilities for each team member, and
balancing work. On the other hand, what we wish we had done differently is real-time machine testing
and tuning, because when it comes to real-time testing there will be a lot of unexpected problems or small
issues that we could not visualize in computer design. Therefore, if we can spend more time on testing,
tuning, and debugging I believe we will be more successful. In addition, the ultrasonic sensor has 2
weaknesses it doesn't detect corners very well because the 90° corner will reflect the ultrasonic sound
waves to random direction which the ultrasonic sensor can't catch, and the ultrasonic sound waves won't
be reflected if the sensor is so close to the obstacle. So if you are working with ultrasonic sensor, please
consider install it on the middle of the vehicle and this should solve the second weakness. And if you
have time, please consider install the ultrasonic sensor on a servo motor which the servo motor can swing
the ultrasonic sensor in a small angle; then, you can calculate the average distance from your vehicle to
the obstacles, and this should solve the first weakness because the vehicle won't be affected negatively by
one 90° corner.
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-- Appendices --
-- Images of the CAD --

Tank Front view

Tank Side view
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Tank Top view

Exploded view for mechanical transmission elements
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-- Code --`
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-- Event-driven program --
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The Blue line indicates “Button is Pressed/ M1 Turn OFF, M2 Turn OFF, SoundOff()”.

The green part applies to the black part and blue part.

-- Bill Of Material --

Source Link Part Name Vendor Quantity Price

https://www.amazon.co
m/130MOTOR-DC3V-
6C-Motor-Smart-Robot
/dp/B0B8S6B1WR/ref
=sr_1_13?crid=PC4PP
Y346FKK&keywords=
TT+Motor&qid=16663
14519&qu=eyJxc2Mi
OiI0Ljc2IiwicXNhIjoi
NC42MiIsInFzcCI6IjQ
uMzkifQ%3D%3D&s
=toys-and-games&spre
fix=tt+motor+%2Ctoys
-and-games%2C248&s

r=1-13

TT Motor w. Coupling -
LYH-DZZW8507-2pcs

Amazon x2 $4.99
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https://www.mcmaster.
com/91290A130/

Alloy Steel Socket Head Screw M3 30mm -
91290A130

McMaster x4 $13.16

https://www.mcmaster.
com/90591A121/

Zinc-Plated Steel Hex Nut M3 -
90591A121

McMaster x4 $1.90

https://www.mcmaster.
com/94209A356

M3 8 screw McMaster x4 $8.00

https://www.mcmaster.
com/92503A180/

Mil. Spec. shim - 92503A180 McMaster x8 $12.40

https://www.amazon.co
m/Redrex-Printer-Plast
ic-Bearing-Tarantula/d
p/B07Q5WN3GK/ref=
asc_df_B07Q5WN3G
K/?tag=hyprod-20&lin
kCode=df0&hvadid=5
09393708826&hvpos=
&hvnetw=g&hvrand=4
393676780055879849
&hvpone=&hvptwo=&
hvqmt=&hvdev=c&hv
dvcmdl=&hvlocint=&h
vlocphy=9032083&hvt
argid=pla-7326250033

84&psc=1

Ball wheels - 3R0DXD7T7 Amazon x2 $12.99

https://www.mcmaster.
com/91290A196/

Alloy Steel Socket Head Screws -
91290A196

McMaster x4 $7.78

https://www.mcmaster.
com/90576A104/

Metric Medium-Strength Steel Nylon-Insert
Locknuts—Class 8 - 90576A104

McMaster x4 $6.14

https://www.mcmaster.
com/91017A464/

Shims for Lengthening Screw Shoulders -
91017A464

McMaster x4 $11.14

https://www.mcmaster.
com/91290A137/

Alloy Steel Socket Head Screw M3 -
91290A137

McMaster x2 $5.83

https://www.mcmaster.
com/90592A085/

Steel Hex Nut M3 - 90592A085 McMaster x4 $2.62

https://www.mcmaster. Steel Hex Nut M2 - 90592A075 McMaster x4 $4.00
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com/90592A075/

https://www.mcmaster.
com/91292A032/

18-8 Stainless Steel Socket Head Screw M2
- 91292A032

McMaster x4 $6.21

https://www.mcmaster.
com/91292A833/

18-8 Stainless Steel Socket Head Screw
M2 - 91292A833

McMaster x2 $7.91

https://www.aliexpress.
us/item/225580090345
8655.html?spm=a2g0o.
productlist.0.0.478651f
6Orz4nl&algo_pvid=2
5735ead-efdf-4eef-90e
e-d84ab85b755c&algo
_exp_id=25735ead-efd
f-4eef-90ee-d84ab85b7
55c-41&pdp_ext_f=%
7B%22sku_id%22%3
A%221000001430673
4908%22%7D&pdp_n
pi=2%40dis%21USD
%216.99%216.64%21
%21%21%21%21%40
2101d91e16663894727
113852e100b%211000
0014306734908%21se
a&curPageLogUid=Bq

EERltklyL5

Plastic Idler AliExpress x2 $6.50

https://www.amazon.co
m/Energizer-Alkaline-
Volt-Battery-2-Count/d
p/B004R16728/ref=sr_
1_6?keywords=9v+batt
ery&qid=1666392683
&qu=eyJxc2MiOiI0Lj
UwIiwicXNhIjoiNC4y
NCIsInFzcCI6IjQuMT
IifQ%3D%3D&sr=8-6

9V Battery Amazon x1 $7.25

https://www.everything
promo.com/power-ban
k-portable-battery-char
ger-2000-mah-alumini
um?gclid=Cj0KCQjwh

2000 MAH ALUMINIUM Power Bank Everything
Promo

x1 $3.13
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1/4" x 18" x 30" Plywood* Jacob x1 $6

ESP32 Lab Kit x1

Ultrasonic Sensor Lab Kit x1

Buzzer Lab Kit x1

LSM6DSO Sensor Lab Kit x1

Potentiometer Lab Kit x1

H Bridge Lab Kit x1

LED Lab Kit x16

Wires Lab Kit Several

Breadboard Lab Kit x1

Ultrasonic Sensor & LED Mount 3D Print x1

Motor datasheet
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