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1. Opportunity

Waste sorting has long been a challenge for individuals and businesses aiming to improve recycling
efficiency. A new opportunity exists to automate this process with a device that can easily be added to any
standard trash can. This device would use sensors to identify the material type, and automatically sort
waste into the appropriate compartment.

2. High-Level Strategy

After an initial discussion with the professor, we realized the difficulty of accurately identifying waste.
Therefore, we ultimately adopted the professor's suggestion: using chips of different colors to represent
different types of waste and shifting our goal to accurately classifying chips of different colors instead of
different types of waste.Our initial envisioned functionality was clear: to ensure sufficient accuracy even
during long-term operation. Our design is based on a rotatable turntable driven by a motor. Ultimately, we
successfully achieved this goal. Our classification system is divided into two subsystems. 1.The detection
and release system, consisting of a color sensor and a solenoid. 2.The rotation system, comprising a
motor, turntable, worm gear, drive shaft, bearings, and other components.

The basic operational logic of this design is as follows: when colored chips (red, green, or blue) are
introduced, the color sensor detects their color and transmits the RGB data to the ESP32. At this stage, the
Solenoid remains closed. The three numerical values from the RGB data are compared; for instance, if the
red value is smaller than both the green and blue values, we determine it to be red. The same principle is
applied for the other colors.We then assign different rotation angles to each color to correspond to the
positions of their respective bins. Red rotates counterclockwise by 120 degrees, blue by 240 degrees, and
green remains stationary at 0 degrees. After rotating to the designated color position, the Solenoid opens
after a one-second delay. It stays open for a set period to ensure the chips have enough time to slide into
the bins before closing.Once this process is complete, the turntable continues rotating to return to its
initial position (the green bin location). For example, with red, the turntable first rotates 120 degrees to
the red bin, then rotates 240 degrees to return to the initial position.If a color other than red, green, or blue
is detected, the system outputs "Color not detected."”

We use an encoder to monitor the current rotation angle of the turntable. By calculating the encoder
counts required for one full rotation based on the gear ratio of the motor-worm gear assembly, we
determine the turntable's speed in counts per degree. The encoder counts are checked every 0.5 ms, and
the rotation angle is calculated by dividing the current counts by the turntable speed.To ensure the
turntable accurately reaches the designated positions, we added parameters and set error margins for
adjustments. Ultimately, we achieved our initial goal: the system can automatically sort chips of different
colors into their respective bins with extremely high accuracy, even after multiple runs.We also
implemented a non-volatile storage (NVS) feature for state saving and recovery. This ensures that even if
the ESP32 restarts or loses power during a task, it can resume and complete the previously unfinished task
seamlessly. We also implemented turning the color sensor on or off with a 1-second button press.



3. Integrated Device Overview

4.Function-critical Decisions and Calculations
Based on reasonable estimations and accurate modeling data, we have derived the following conditions:

M disk=1.2kg,R disk=0.1 m, M gear=0.2 kg, R gear =0.025 m , Reasonably assumed as the
turntable's stable speed ® = 1 rad/s , At =0.001 s, Reduction ratio (worm gear): 28:1
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| —_— §Mdiskausk =512 (0.1)> = 0.5-1.2-0.01 = 0.006 kg - m*
(
L= §MgEmR§w = —-0.2-(0.025)* = 0.5- 0.2 - 0.000625 = 0.0000625 kg - m*

+ M=

Liotal = Lgisk + Igear = 0.006 + 0.0000625 = 0.0060625 kg - m?

Calculate the angular acceleration of the turntable: o = % — Er(?(;il/ ® — 1000 rad /s
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Calculate the torque required by the motor when the turntable's angular velocity is 1 rad/s.
T=1 -«

Taeeded = Ltotal - @ = 0.0060625 - 1000 = 6.0625 N - m

| Taceded  6.0625
Tmotor — 28 — 28 ~ 02165 N-m

Calculate the actual torque output of the motor at a turntable speed of 1 rad/s
2
No-Load Speed = 435 RPM x % ~ 435 % 0.10472 ~ 45.6rad/s

Weearbox output — Wturntable X 28 =1x28=28 rad/s

T(w) = Taean (1 e B )

Wno-load

2
T=1.835- (1 — %) =1.835-(1—0.614) = 1.835-0.386 ~ 0.708 N - m
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Under the specified conditions, the required torque of 0.2165 Nm is less than the motor's actual output
torque of 0.708 Nm. This means that even with the additional torque caused by various frictions, the
motor can still meet the torque requirements. Another reason for choosing this motor is its affordability.
Although we found motors with torque closer to our required value, they were more expensive. Thus, we
ultimately selected this motor. While our design does not have strict speed requirements, our focus is
more on precision. Given this scenario, we have ample room to adjust the motor to achieve the speed we
deem appropriate.

5. Circuit Diagram and State Transition Diagram
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6. Reflection for Future Students

Strategies that worked well for our team included completing the prototype design and manufacturing
early, as well as conducting frequent subsystem testing. Precise task allocation and extended collaborative
work sessions also contributed to our success. Group brainstorming allowed us to solve problems more
efficiently.Our advice for future teams is to allocate more time for integration and debugging. Even if
each subsystem works fine individually, numerous issues can still arise during integration. Allowing more
time for debugging also means that if design flaws are discovered during the process, there will be enough
time to improve the design and rebuild components. Avoid leaving everything until the last moment, as
practical implementation often deviates from theoretical plans.



Appendices

Appendix A: Bill of Materials Images

Jacket Planetary
Gear Motor

Part Name Quantity Cost ($) Source Link

TCS3200 - Color 1 22.02 Amazon.com:

Sensor Teyleten Robot
GY-31 TCS3200
TCS230 Color
Sensor Module Color
Recognition Sensor
Module for Arduino :
Electronics

cytron md10c r3 1 13.90 10Amp 5V-30V D

motor controllers x 4 Motor Driver
(cytron.io)

Ball Bearing 2 34.88 https://www.mcmaste
r.com/catalog/130/14
15/6383K241

Linear Motion Shaft 1 6.59 https://www.mcmaste
r.com/catalog/130/13
56/6061K103

Extra-Grip Clamping | 4 46.76 https://www.mcmaste

Two-Piece Shaft r.com/catalog/130/14

Collar 66/8386K35

2314 Series Brass, 1 16.99 https://www.gobilda.c

MOD 1.25, Hub om/2314-series-brass

Mount Worm Gear -mod-1-25-hub-moun
t-worm-gear-14mm-b
ore-28-tooth/

2313 Series Stainless | 1 14.99 https://www.gobilda.c

Steel, MOD 1.25 om/2313-series-stainl

Worm ess-steel-mod-1-25-w
orm-6mm-d-bore-34
mm-length/

5204 Series Yellow 1 46.99 https://www.gobilda.c

om/5204-series-yello
w-jacket-planetary-ge
ar-motor-13-7-1-ratio-
80mm-length-8mm-re
x-shaft-435-rpm-3-3-
5v-encoder/



https://www.amazon.com/Teyleten-Robot-TCS230-TCS3200-Recognition/dp/B08HH8QYF8/ref=sr_1_1_sspa?adgrpid=1346902310456335&dib=eyJ2IjoiMSJ9.Rh-iSB4O8efW_XG-LqWoSyUrieqMATAX7p3waR2C-TRAZqwKhtPdp-ZvgBfWmSnDu820b8Dsg-atDvs6b-iSVg5AkXAzPpeBQ_ryT6e92DXOywh2sPojzQV1piC6pSRYp8_LhmMfD3UwC4Ix-8q_mjT6BfnjfNwtRjqUaKVQnVHX6Cq-gdmDBKJS-ScbFe9Rowv6rG_jvYymZ8SYuSNMKn4DtOZfqn1dkES2w-a2LzA.2pz-hycoSH6FjJY8xohw7Nc3--om1WBW6sR_ISxEaAE&dib_tag=se&hvadid=84181635129012&hvbmt=bp&hvdev=c&hvlocphy=87799&hvnetw=o&hvqmt=p&hvtargid=kwd-84181744367782%3Aloc-190&hydadcr=537_1014986689&keywords=color+sensor+tcs3200&msclkid=cdf3ea496af81f3464598d58e9367f10&qid=1729201128&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Teyleten-Robot-TCS230-TCS3200-Recognition/dp/B08HH8QYF8/ref=sr_1_1_sspa?adgrpid=1346902310456335&dib=eyJ2IjoiMSJ9.Rh-iSB4O8efW_XG-LqWoSyUrieqMATAX7p3waR2C-TRAZqwKhtPdp-ZvgBfWmSnDu820b8Dsg-atDvs6b-iSVg5AkXAzPpeBQ_ryT6e92DXOywh2sPojzQV1piC6pSRYp8_LhmMfD3UwC4Ix-8q_mjT6BfnjfNwtRjqUaKVQnVHX6Cq-gdmDBKJS-ScbFe9Rowv6rG_jvYymZ8SYuSNMKn4DtOZfqn1dkES2w-a2LzA.2pz-hycoSH6FjJY8xohw7Nc3--om1WBW6sR_ISxEaAE&dib_tag=se&hvadid=84181635129012&hvbmt=bp&hvdev=c&hvlocphy=87799&hvnetw=o&hvqmt=p&hvtargid=kwd-84181744367782%3Aloc-190&hydadcr=537_1014986689&keywords=color+sensor+tcs3200&msclkid=cdf3ea496af81f3464598d58e9367f10&qid=1729201128&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Teyleten-Robot-TCS230-TCS3200-Recognition/dp/B08HH8QYF8/ref=sr_1_1_sspa?adgrpid=1346902310456335&dib=eyJ2IjoiMSJ9.Rh-iSB4O8efW_XG-LqWoSyUrieqMATAX7p3waR2C-TRAZqwKhtPdp-ZvgBfWmSnDu820b8Dsg-atDvs6b-iSVg5AkXAzPpeBQ_ryT6e92DXOywh2sPojzQV1piC6pSRYp8_LhmMfD3UwC4Ix-8q_mjT6BfnjfNwtRjqUaKVQnVHX6Cq-gdmDBKJS-ScbFe9Rowv6rG_jvYymZ8SYuSNMKn4DtOZfqn1dkES2w-a2LzA.2pz-hycoSH6FjJY8xohw7Nc3--om1WBW6sR_ISxEaAE&dib_tag=se&hvadid=84181635129012&hvbmt=bp&hvdev=c&hvlocphy=87799&hvnetw=o&hvqmt=p&hvtargid=kwd-84181744367782%3Aloc-190&hydadcr=537_1014986689&keywords=color+sensor+tcs3200&msclkid=cdf3ea496af81f3464598d58e9367f10&qid=1729201128&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Teyleten-Robot-TCS230-TCS3200-Recognition/dp/B08HH8QYF8/ref=sr_1_1_sspa?adgrpid=1346902310456335&dib=eyJ2IjoiMSJ9.Rh-iSB4O8efW_XG-LqWoSyUrieqMATAX7p3waR2C-TRAZqwKhtPdp-ZvgBfWmSnDu820b8Dsg-atDvs6b-iSVg5AkXAzPpeBQ_ryT6e92DXOywh2sPojzQV1piC6pSRYp8_LhmMfD3UwC4Ix-8q_mjT6BfnjfNwtRjqUaKVQnVHX6Cq-gdmDBKJS-ScbFe9Rowv6rG_jvYymZ8SYuSNMKn4DtOZfqn1dkES2w-a2LzA.2pz-hycoSH6FjJY8xohw7Nc3--om1WBW6sR_ISxEaAE&dib_tag=se&hvadid=84181635129012&hvbmt=bp&hvdev=c&hvlocphy=87799&hvnetw=o&hvqmt=p&hvtargid=kwd-84181744367782%3Aloc-190&hydadcr=537_1014986689&keywords=color+sensor+tcs3200&msclkid=cdf3ea496af81f3464598d58e9367f10&qid=1729201128&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Teyleten-Robot-TCS230-TCS3200-Recognition/dp/B08HH8QYF8/ref=sr_1_1_sspa?adgrpid=1346902310456335&dib=eyJ2IjoiMSJ9.Rh-iSB4O8efW_XG-LqWoSyUrieqMATAX7p3waR2C-TRAZqwKhtPdp-ZvgBfWmSnDu820b8Dsg-atDvs6b-iSVg5AkXAzPpeBQ_ryT6e92DXOywh2sPojzQV1piC6pSRYp8_LhmMfD3UwC4Ix-8q_mjT6BfnjfNwtRjqUaKVQnVHX6Cq-gdmDBKJS-ScbFe9Rowv6rG_jvYymZ8SYuSNMKn4DtOZfqn1dkES2w-a2LzA.2pz-hycoSH6FjJY8xohw7Nc3--om1WBW6sR_ISxEaAE&dib_tag=se&hvadid=84181635129012&hvbmt=bp&hvdev=c&hvlocphy=87799&hvnetw=o&hvqmt=p&hvtargid=kwd-84181744367782%3Aloc-190&hydadcr=537_1014986689&keywords=color+sensor+tcs3200&msclkid=cdf3ea496af81f3464598d58e9367f10&qid=1729201128&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Teyleten-Robot-TCS230-TCS3200-Recognition/dp/B08HH8QYF8/ref=sr_1_1_sspa?adgrpid=1346902310456335&dib=eyJ2IjoiMSJ9.Rh-iSB4O8efW_XG-LqWoSyUrieqMATAX7p3waR2C-TRAZqwKhtPdp-ZvgBfWmSnDu820b8Dsg-atDvs6b-iSVg5AkXAzPpeBQ_ryT6e92DXOywh2sPojzQV1piC6pSRYp8_LhmMfD3UwC4Ix-8q_mjT6BfnjfNwtRjqUaKVQnVHX6Cq-gdmDBKJS-ScbFe9Rowv6rG_jvYymZ8SYuSNMKn4DtOZfqn1dkES2w-a2LzA.2pz-hycoSH6FjJY8xohw7Nc3--om1WBW6sR_ISxEaAE&dib_tag=se&hvadid=84181635129012&hvbmt=bp&hvdev=c&hvlocphy=87799&hvnetw=o&hvqmt=p&hvtargid=kwd-84181744367782%3Aloc-190&hydadcr=537_1014986689&keywords=color+sensor+tcs3200&msclkid=cdf3ea496af81f3464598d58e9367f10&qid=1729201128&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Teyleten-Robot-TCS230-TCS3200-Recognition/dp/B08HH8QYF8/ref=sr_1_1_sspa?adgrpid=1346902310456335&dib=eyJ2IjoiMSJ9.Rh-iSB4O8efW_XG-LqWoSyUrieqMATAX7p3waR2C-TRAZqwKhtPdp-ZvgBfWmSnDu820b8Dsg-atDvs6b-iSVg5AkXAzPpeBQ_ryT6e92DXOywh2sPojzQV1piC6pSRYp8_LhmMfD3UwC4Ix-8q_mjT6BfnjfNwtRjqUaKVQnVHX6Cq-gdmDBKJS-ScbFe9Rowv6rG_jvYymZ8SYuSNMKn4DtOZfqn1dkES2w-a2LzA.2pz-hycoSH6FjJY8xohw7Nc3--om1WBW6sR_ISxEaAE&dib_tag=se&hvadid=84181635129012&hvbmt=bp&hvdev=c&hvlocphy=87799&hvnetw=o&hvqmt=p&hvtargid=kwd-84181744367782%3Aloc-190&hydadcr=537_1014986689&keywords=color+sensor+tcs3200&msclkid=cdf3ea496af81f3464598d58e9367f10&qid=1729201128&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Teyleten-Robot-TCS230-TCS3200-Recognition/dp/B08HH8QYF8/ref=sr_1_1_sspa?adgrpid=1346902310456335&dib=eyJ2IjoiMSJ9.Rh-iSB4O8efW_XG-LqWoSyUrieqMATAX7p3waR2C-TRAZqwKhtPdp-ZvgBfWmSnDu820b8Dsg-atDvs6b-iSVg5AkXAzPpeBQ_ryT6e92DXOywh2sPojzQV1piC6pSRYp8_LhmMfD3UwC4Ix-8q_mjT6BfnjfNwtRjqUaKVQnVHX6Cq-gdmDBKJS-ScbFe9Rowv6rG_jvYymZ8SYuSNMKn4DtOZfqn1dkES2w-a2LzA.2pz-hycoSH6FjJY8xohw7Nc3--om1WBW6sR_ISxEaAE&dib_tag=se&hvadid=84181635129012&hvbmt=bp&hvdev=c&hvlocphy=87799&hvnetw=o&hvqmt=p&hvtargid=kwd-84181744367782%3Aloc-190&hydadcr=537_1014986689&keywords=color+sensor+tcs3200&msclkid=cdf3ea496af81f3464598d58e9367f10&qid=1729201128&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.cytron.io/p-10amp-5v-30v-dc-motor-driver
https://www.cytron.io/p-10amp-5v-30v-dc-motor-driver
https://www.cytron.io/p-10amp-5v-30v-dc-motor-driver

Shim and belleville 10 5.99 physical hardware

washer store

Screws and nuts 8 4,99 physical hardware
store

Routing Clamp 1 19.98 https://www.mcmaste

(Holding Solenoid) r.com/products/clamp

3192744 s/routing-clamps-2~/p
lastic-routing-clamps-
8/

Solenoid 69905K111 | 1 41.28 https://www.mcmaste
r.com/products/solen
oids/solenoids~/

Encoder Breakout 1 8.86

Cable




Appendix B: CAD Images

Device integration image










Transmission system details

1.Turntable and gears




2.Motor output shaft




Appendix C: Code Screenshots



















