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Table 1 shows the tasks for this week. The total page limit (aside from if you choose to include
this cover page) is 3 pages. There are no hardware requirements this week. Make sure to look
ahead, you’ll need to order/obtain parts.

Table 1: To submit to ELC.
Weight Task Page Limit
20% Describe your project idea. Be sure to include why you find it 5 page
interesting.
20% Describe why your project meets the constraints set forth. 2 page
10% Include a bill of materials (BOM) of your parts list. Include part name, | 2 page
quantity, cost, a link to it, and any notes.
20% In lecture there were 100+ sensors. Likely, in doing your research you |2 page
found more. Explain how you got down to the final choices for your
Sensors.
20% Think to the part about standards in lecture. What standards could 2 page
apply to your project? Assume you are able to create a testing standard
for your overall project goal (i.e., see the perfect cup of coffee
example). What would the protocol focus on?
5% Include what you learned this week. 1 paragraph
5% Include how you interacted with Al this week. 1 paragraph
Table 2: Things you should seriously consider doing, but are not to be turned into ELC with
CPl1.
Weight Task Comments
0% Write the problem definition of the The last week of class you have Exam 2 and
report to be turned in with CP6. CP6. But if you do CP6 with each
0% Start on the sensor selection to be checkpoint, life will be much easier.
turned in with CP6.




2-Axis Light Tracker

This project is a solar panel mount that actively tracks the brightest light source in its
environment and continuously repositions itself to maximize light exposure. Referring to Figure
1 below, two motors drive independent axes of motion: The turntable motor rotates the entire
assembly around the vertical axis, and the panel motor adjusts the tilt angle of the panel. The
structure consists of a turntable base with two vertical support pillars, with the solar panel
suspended between them. One pillar houses the panel motor which adjusts the pane tilt. A
potentiometer housed on the other pillar and also attached to the panel allows positional feedback
of the panel. Light tracking works by using an array of photoresistors (Light Dependent
Resistors, LDR’s) mounted on the panel allowing the microcontroller to determine the direction
of maximum light. Hall effect sensors paired with magnets act as limit indicators, allowing the
microcontroller to stop panel movement and thus preventing over-rotation and wire tangling. A
capacitive touch sensor enables the user to perform in-field calibration and self-test. This project
builds on a simple analog light tracker from my Electronics I final project. Rebuilding it with a
microcontroller, extra sensors, dual-axis mechanics, filtering, and closed-loop feedback is the
next natural step.
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Figure 1. Isometric View of 2-Axis Light Tracker




Constraint Mapping

RAW Sensor: Photoresistors (LDRs) exhibit a nonlinear resistance response to light intensity -
resistance increases at low light but becomes less resistive as brightness increases. Signal
conditioning along with hardware and software filtering is applied.

Pre-Packaged Sensors: Hall effect sensors act as limit switches to prevent motor overrotation.
A capacitive touch sensor enables the user to initiate calibration and self test procedures.

Battery Power: The entire project is battery powered without external or AC mains power.
Algorithms: Filtering in hardware and software, including Kalman filtering of the LDR signals
is implemented in this project. The go-beyond algorithm could be implemented using a solar
panel to recharge its own battery. Telemetry streams over UART from the microcontroller will be
logged to a connected laptop.

Physics Redundancy & Measurands: Tilt angle is redundantly measured by two independent
physical mechanisms - potentiometer (electromechanical) and hall effect sensors (magnetic) -
satisfying the requirement for two branches of physics measuring the same quantity. The full
measurand set includes illuminance via LDR (optical/raw), tilt angle via potentiometer
(electromechanical), tilt limits via hall effect sensors (magnetic/pre-packaged), and touch input
via capacitive sensor (capacitive/pre-packaged).

PCB: A custom PCB consolidates the MCU, signal conditioning, motor drivers, sensors, and
UART output into a single self-contained board.

Name Qty | Cost ($) | Link Notes

Arduino Uno 1 27.60 Arduino Uno | Datasheet

LDR 1 5.75 LDR 30 pack Datasheet

Hall Effect 2 2.62 Hall Effect Datasheet

Turntable 1 9.99 Turntable Rotating base

DC Motor 1 15.99 DC Motor 2 pack

MOSFETs 1 8.99 NMOS/PMOS [ 12 pack Datasheet/10 pack Datasheet

Cap. Touch Sensor | 1 8.49 Cap. Sensor Datasheet

Battery 1 28.00 Battery 4 pack Datasheet

10 Turn Pot 1 11.99 10 Turn Pot

Solar Panel 1 14.50 Solar Panel

Shop items NA [ NA NA General  electronic ~ components,
mechanical hardware, etc.

Table 3. Bill of Materials


https://store-usa.arduino.cc/products/arduino-uno-rev3?utm_source=google&utm_medium=cpc&utm_campaign=US-Pmax&gad_source=1&gad_campaignid=21317508903&gbraid=0AAAAACbEa8541aQVoBrS7l_2f6m69vHCZ&gclid=Cj0KCQjw3K7RBhDJARIsAKRtP5TIXBVV5t6uW-FUWFeAB4bifXY-Db5PhJzv-512Tm_H_e8e2BZWLG8aApIaEALw_wcB
https://docs.arduino.cc/resources/datasheets/A000066-datasheet.pdf
https://www.amazon.com/eBoot-Photoresistor-Sensitive-Resistor-Dependent/dp/B01N7V536K/ref=sr_1_2?dib=eyJ2IjoiMSJ9._L7F3Pgq4LmvOQE-ZdYZkM8K9uMHzMhudwvVjDyl9sRDQZvP71Nj68fL1pWNVatXOXNaqD6Q-VhIZzcU_56JpQX5lwpHAwradHrRBngfM3xlmnaVlf5h8RkPRLPPYzoGwZb_T4l1d20SiljH1U8oq27Jgk3YuPAYO85kFoXn_odoGxYhEHC9r_yj_zUs7OAgwNtWJBizXKAg5OVbXNR9os0rws58VEoR7J9jRNUDySE.IPX0d6ODUJhHkTZ9k1R4Z7M3HEBQ6bXOZYsjs7YUpmU&dib_tag=se&keywords=ldr%2Bsensor&qid=1781317297&sr=8-2&th=1
https://digilent.com/reference/_media/ni:photoresistor_ds.pdf?srsltid=AfmBOophX8XQGhmpnAGzVmV9LU1qMVdw2nY2EQMdWay56LZXevcRJRiy
https://www.digikey.com/en/products/detail/texas-instruments/DRV5053CAQLPGQ1/6571752?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlj8cKjxQCV7smn36aBMhCRgK&gclid=Cj0KCQjw3K7RBhDJARIsAKRtP5ScRTSOagiTBtwwzTHKnQ9Cnjy9bwv1VzibSqIM4QWTnzwNgdGMYeMaAuu9EALw_wcB
https://www.ti.com/general/docs/suppproductinfo.tsp?distId=10&gotoUrl=https%3A%2F%2Fwww.ti.com%2Flit%2Fgpn%2Fdrv5053-q1
https://www.walmart.com/ip/Rotating-Revolving-Plate-Cake-Decorating-Turntable-Stand-Pastry-Baking/8113971350?wmlspartner=wlpa&selectedSellerId=102613537&sourceid=dsn_gdn_0c92c416-dbd6-42ec-845c-ecf69af2153d&veh=dsn&wmlspartner=dsn_gdn_0c92c416-dbd6-42ec-845c-ecf69af2153d&cn=0042_fy27_mp_mpa_lo_int_dis_pmax-p13n&wl9=pla&wl11=online&gad_source=1&gad_campaignid=23148469844&gbraid=0AAAAADmfBIp6YCD8XvJSlnhy2kNHoi_LF&gclid=Cj0KCQjw3K7RBhDJARIsAKRtP5ROluCwwhSWZJoy8EagbYoPwb95tCF3TV5_dneTmqo3RWKoodKXOywaAtpoEALw_wcB
https://www.amazon.com/dp/B08B3NDPLY?ref=ppx_pop_mob_ap_share&th=1
https://www.amazon.com/12-Pack-IRLZ44N-IRLZ44-N-Channel-Resistance/dp/B0GT4S3NF2/ref=sr_1_1_sspa?dib=eyJ2IjoiMSJ9.oHdXkwDGVHsi1YwPzxNvrPK_0U4ba9hjGX9WY2DmKUT6HLwrob1PCv8UU2cT0V2Eg0riNZx4NeGmnB9hExou7pnCd0eh8GyeaPBxpJ7DJRaL6Bhsr-UhxkC0rvq1Dz8jxoP2qKUvtMY0UDwx1WZxP0lV6ZEwszoDAMAdeU_xkcZeRPlIPLuB9DaCCmxDw873Y_yxnT4xSQvkHiA_k3E8EioS6G1WorqPkOU_v9UWclo.5iFulm8pU1_l5QyrYig0YYJRh33yhhU57G93vJaft-U&dib_tag=se&keywords=logic+level+n-channel+mosfet&qid=1781318452&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/ALLECIN-IRF4905-Transistors-IRF4905PBF-Transistor/dp/B0CBKH44K5/ref=sr_1_1_sspa?dib=eyJ2IjoiMSJ9.icZ7uhOEurXrY9Y9MC-GPQZiFVGU_UAha4HLHRPXQ5byDiQXtp6CEseSFk0xogRNBrLuK0Hto1I5jCIWBMvfztzguDR4258qu3LOc7igZ8Rcfiiy7_CsHixq4tNQ_EhkokxkOVzrQTn43Vq4x_6aQpQEzvt4Mrp-eUPSIssEK7ajLBS8yRTbNvp83GqaZ0A1HsRL_ssrCLhcMOeZQRgZlrb8jRYmdK5czRM23K6sNkY.WiYDwTttPsOGlFceEQtFb54UWByoDd_ALxxS76WUSLE&dib_tag=se&keywords=p%2Bchannel%2Bmosfet&qid=1781318488&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.vishay.com/docs/91328/irlz44.pdf
https://www.infineon.com/assets/row/public/documents/24/49/infineon-irf4905-datasheet-en.pdf?fileId=5546d462533600a4015355e329b1197e
https://www.amazon.com/HiLetgo-TTP223B-Capacitive-Digital-Raspberry/dp/B00HFQEFWQ/ref=sr_1_1_sspa?adgrpid=184165252737&dib=eyJ2IjoiMSJ9.N_IU5rAFMuLJJpfg4ZyasQof4816XTpUilqOeqxjPrNsEvPlaZ2NIkOD_5KPTJOV92FdrE5z-LatCygW-YxEBwHEZU1PftCDPSGyt3pyiXTzydJd8sF6F3LH8mYxO7pLh-leV76QNorQU4jAIHIHougVCi9Nm17QL-zwig8I1caeOUJwV0mCiQyt-m9hp90akfFex8Ai7xs35qWpIEWWJxXcCT7Y4Vu95v3Mi0B8CTM.XVCqKw76kItHMDAIfhrg1s1r51f86KqA3-42-1T6HvQ&dib_tag=se&hvadid=792829139906&hvdev=c&hvexpln=0&hvlocphy=9052206&hvnetw=g&hvocijid=5555309580808666807--&hvqmt=e&hvrand=5555309580808666807&hvtargid=kwd-9005785076&hydadcr=3206_13894401_2224522&keywords=capacitive%2Btouch%2Bsensor&mcid=067d7db999d63a4286080a8d42bcb8d3&qid=1781318837&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://vakits.com/sites/default/files/TTP223B%20Touch%20Switch.pdf
https://www.digikey.com/en/products/detail/pkcell/ICR18650-3350-B/26522965?gclsrc=aw.ds&gad_source=1&gad_campaignid=23033451739&gbraid=0AAAAADrbLlgJ416mSlL979tXcJvVxuFQh&gclid=Cj0KCQjwornRBhCrARIsAON5exGrNjoCmEswtFC2THSDNa2nRosyobiuwfDdOX2JsiggHPaKj2Jmq1YaAq9REALw_wcB
https://mm.digikey.com/Volume0/opasdata/d220001/medias/docus/6727/ICR18650%203350mAh%203.7V%20-%20B.pdf?_gl=1*3wz0kc*_up*MQ..*_gs*MQ..&gclid=Cj0KCQjwornRBhCrARIsAON5exGrNjoCmEswtFC2THSDNa2nRosyobiuwfDdOX2JsiggHPaKj2Jmq1YaAq9REALw_wcB&gclsrc=aw.ds&gbraid=0AAAAADrbLlgJ416mSlL979tXcJvVxuFQh
https://www.amazon.com/Taiss-Precision-Potentiometer-Adjustable-3590S-2-103L/dp/B07D7YH9N2/ref=sr_1_3?crid=3MT1UDJUXXA5Z&dib=eyJ2IjoiMSJ9.2i1S66eO2gtse5K9yb0ERFprLgeQK8pgWQmPORa9VRdzW359kiz3i4anjBaVgo4tVxIDCkM7lxlCZ6CWHgzDP8VxKhEKnZgdeyee3SAhKfaBq_o2xOw1ALJRdEDw7NMr902-CXiMRHVgx1pYScizVS2GBSWRvjpeP0OyGA2ChqB2y4VPVsc6txhOd-oSjrUZL9aLEkbruUbnu3xcKpSmcBs0HuxUIP2dbU45rXItc48._WaUa2ZkeA5cOmKzpngrK5dTis3nUBStxDYtTBZI5J4&dib_tag=se&keywords=10%2Bturn%2Bpotentiometer&qid=1781318079&sprefix=10%2Bturn%2Bpotentiometer%2Caps%2C221&sr=8-3&th=1
https://www.adafruit.com/product/5368?gad_source=1&gad_campaignid=21079227318&gbraid=0AAAAADx9JvQOJFOEy00dOmzNWtG7yD7zD&gclid=Cj0KCQjw3K7RBhDJARIsAKRtP5RkyJ0h9Q4ulGuj4XTkz6mIpSPDRpoSgrpZ2zJ5iIdJmz8yHmVkSl0aAh2KEALw_wcB

Sensor Selection Rationale

Light Sensing (RAW): Cameras, photodiodes, and phototransistors add unnecessary complexity.
Thermopiles measure infrared rather than visible light. LDRs were selected for their simple
resistance-based output, nonlinear response, low cost, and suitability for array deployment.

Tilt Limits (Pre-Packaged): Mechanical limit switches wear over time and require accurate
positioning. Optical interrupters add wiring complexity. Hall effect sensors were selected for
their contactless operation, simple mounting, no moving parts, and direct digital MCU interface.
Tilt Angle (Redundancy): IMUs introduce drift and are power hungry. A potentiometer was
selected for its simplicity and ease of interfacing, direct mechanical coupling, and energy
efficiency.

Homemade Capacitive Sensor: A capacitive touch sensor was selected for its solid-state
reliability and to satisfy the course requirement.

Standards Applied to the Project

While no single formal standard directly governs light tracking systems, this project incorporates
metrics from IEEE 2700 (Standard for Sensor Performance Parameter Definitions) to
characterize sensor sensitivity and a custom testing protocol was established across three critical
dimensions: tracking accuracy, response latency, and fail-safe operation. This testing protocol
ensures that the system is not only functional, but also consistent and robust enough for reliable
operation. The primary goal for the dual-axis mechanism is to track a moving light source,
ensuring the panel stays precisely oriented toward the brightest point in its environment. This
necessitates calibration of the LDR arrays, verified by sweeping a handheld flashlight across the
panel’s range of motion confirming it follows without losing track. Additionally, the
potentiometer ADC readings should stabilize when the light source is held stationary. Success is
also defined by its responsiveness, requiring the system to detect dynamic changes in light
positioning and initiate motor adjustments with negligible delay with no perceptible lag to an
observer. Finally, the testing protocol confirms success by verifying that the device achieves
mechanical reliability. It tests boundary conditions to prove that the software logic and limit
switches can seamlessly halt motion at structural boundaries. More specifically, the hall effect
sensors must stop the panel motor before any mechanical contact with the frame occurs. By
simulating various movement extremes and sensor failures, the protocol validates that the
hardware components work in tandem with the code to prevent damage to the components.

What I Learned This Week

This week, I started bare-metal C programming for the ATmega328P microcontroller (Datasheet)
used in the Arduino Uno. I had no prior C experience and learned how to set up software tools,
manipulate registers, and perform bitmasking particularly regarding the configuration of the
integrated ADC and 1/O ports. I learned how to implement a prescaler to divide the clock signal
down to a viable sampling rate and how to perform bit manipulation in I/O ports used for motor
control.

Al Interactions
I utilized AI to learn how to set up a Visual Studio Code environment to program the
ATmega328P microcontroller. I also used Al to help me navigate the learning curve of the C


https://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-ATmega328P_Datasheet.pdf

programming language and strengthen my conceptual understanding rather than generating
copy-paste code. My interactions were primarily about bitmasking techniques and understanding
execution procedures, such as the multi-register sequence required simply to initialize the ADC.
By explicitly restricting the Al to structural explanations, I ensured that I wrote every line of
code myself, which led to a deeper understanding of interfacing the microcontroller to hardware.



