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INTRODUCTION: 

The global drive toward sustainable energy has made solar Photovoltaic (PV) 

technology a crucial power source. However, a major limitation of standard 

solar installations is their fixed angle, which significantly lowers energy output 

as the sun moves throughout the day. While traditional sun trackers exist, they 

often fail to adapt intelligently to fast-changing local conditions, like passing 

clouds or ambient temperature shifts, which limits true efficiency gains. This 

project, the AI-SMART Sun Tracker, aims to solve this critical gap. We 

propose developing a system that uses Machine Learning (ML) to dynamically 

predict and set the single best angle for a mini solar panel in real-time. By 

leveraging predictive intelligence instead of simple sensors, this system expects 

to boost the overall energy yield significantly beyond what conventional 

methods can achieve, making solar power generation more effective and 

reliable. 

RESEARCH PROBLEM AND BACKGROUND INFORMATION: 

Selection of Problem 

The project addresses the core limitation of standard solar power generation. 

When a solar panel is fixed at one tilt angle, its energy output is not maximized 

because the direction of sunlight and the overall sky conditions constantly 

change throughout the day and year. While conventional sun tracking systems 

exist, they rely only on basic solar geometry (the sun's known path). This 

approach works well under clear skies but becomes inefficient under real-world 

conditions, especially when dealing with clouds, fog, or diffuse light. Therefore, 

the problem is the need for an intelligent, adaptive system that can dynamically 

adjust the panel angle to harvest maximum power under all-weather scenarios. 

Background Information 

Traditional solar trackers are limited because they follow a pre-calculated path. 

They cannot account for local, instantaneous changes in light intensity caused 

by environmental factors. Our project is based on the idea that Artificial 

Intelligence (AI) can fill this gap. By using AI trained on real sensor data (like 

light intensity and temperature), the system can learn the relationship between 

weather patterns and optimal panel tilt. This allows the AI-SMART Sun Tracker 

to make real-time, predictive adjustments, helping the system adapt far better 

than non-intelligent methods, thereby helping humans think better about energy 

capture. 
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Research Question: 

Can a machine-learning model trained on local sensor data (time, light intensity, 

temperature) reliably control panel tilt to yield more energy than a fixed-tilt 

panel?      

Hypothesis: 

An AI model trained on local sensor data can outperform fixed panels and 

match or exceed a naive sun-tracking approach, especially under cloudy 

conditions. 

Variables: 

• Independent Variable (The Cause): The Tracking Strategy being used 

(AI-Smart Model, Fixed Angle, or Naive Approach). 

 

• Dependent Variable (What is Measured): Total Energy Output (in 

Watt-hours, W) and Average Power Output (in Watts, W). 

 

• Controlled Variables (What is Kept Constant): The specific mini solar 

panel used, the location of the experiment, and the overall circuit 

configuration. 
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METHODOLOGY: 

Materials required: 

 3 small identical solar panels (e.g., 5–10 W each) 

2 small servo motors or geared DC motors with position control (for one 

tracker) 

Mounting frame (wood/plexiglass) for panels + bearings for tilt/rotation 

2 LDRs (light-dependent resistors) per tracker and one comparator circuit (or 

analog inputs on microcontroller) 

Arduino Uno or ESP32 (controls servos + reads LDRs) 

Multimeter and/or small DC power logger (voltage & current, or a USB power 

meter) 

Wires, breadboard, resistors, power bank/battery (for microcontroller) 

Stopwatch, compass (to align), protractor for measuring tilt angles, notebook 

Weather log (phone app or manual notes) — record cloud cover, time, 

temperature 

Safety goggles, gloves 

Experimental design 

• Build three setups (fixed, LDR-tracker, astronomical-tracker if doing 

3rd). Place them side-by-side on the same rooftop/ground area so they get 

the same sunlight. 

• Measure and log voltage (V) and current (I) from each panel every 5–10 

minutes from sunrise to sunset (or for a fixed 6–8 hour window around 

noon) for at least 3–5 clear days and 3–5 cloudy/partly cloudy days. 

• Compute instant power P = V × I. Compute daily energy by summing 

P×Δt (Δt in hours). Example: if recording every 10 minutes, Δt = 10/60 = 

0.1667 h. 
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Procedure  

1. Calibrate: Confirm all 3 panels are identical and measure open-circuit voltage 

and short-circuit current. 

2. Install panels side-by-side, orient fixed panel at your region’s optimum tilt 

(latitude approx. or horizontal for comparison), and set tracker panels on their 

frames 

3. Program Arduino: For LDR tracker: Two LDRs (left/right) mounted on a 

small shade so the difference controls azimuth; another pair for tilt (up/down). 

When left > right, turn motor slightly toward left, etc. Use slow, small steps to 

avoid oscillation. 

4. Logging: Use a data logger or manually record V and I at regular intervals 

(every 10 minutes) 

5. Repeat for multiple days (clear vs cloudy). 

6. Keep weather notes (cloud cover fraction, temperature, dust) because these 

affect results. 
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Safety Protocols: 

Safety is paramount, especially when working with electrical and mechanical 

components: 

• Sun Protection: Always work outdoors with adequate sun protection 

(hat, sunscreen). 

• Electrical Safety: Only use low-voltage DC circuits. 

• Fusing: Use fuse protection in the circuit to prevent damage from 

overcurrent. 

• Mechanical Safety: Ensure the frame is secure and keep fingers clear of 

motors and moving parts when the system is operating. 

• Circuit Handling: Always power down the circuit before making any 

connections or modifications. 

Data Analysis: 

DATA TABULATION: 

 

 

 

 

Time 

Tracker 

Fixed 

V (V) 

 

Fixed 

I (A) 

 

Fixed 

P(W) 

 

Tracker(V) 

 

Tracker(I) 

 

Tracker(P) 

 

Cloud 

Cover 

8.00am 3.2 0.18 0.58 4.1 0.22 0.90 Sun low 

angle 

10.00am 6.2 0.31 1.92 6.9 0.36 2.48 Bright 

and 

clear 

12.00 

pm 

7.5 0.36 2.56 7.8 0.40 3.12 Peak 

sunlight 

2.00 pm 6.3 0.30 1.89 7.0 0.35 2.45 Sun 

shifting 

west 

5.00pm 2.9 0.12 0.35 4.0 0.18 0.72 Sunset 

begins 
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RESULT: 

Clear days: tracker should show measurable improvement (often 20–40% on 

small experiments). 

Cloudy/partly cloudy days: improvement may be smaller and more variable. 

 

 

 

 

 

Variations 

Add dust/soiling: compare clean vs intentionally dusty panels (controlled 

soil deposition). 

Add small battery + MPPT module to compare usable stored energy. 

Replace LDR feedback with a camera + simple image processing for sun 

detection. 
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DISCUSSION: 

A. Significance of Expected Findings 

1. High Efficiency During Variability: The most significant finding will 

be the tracker's performance on partially cloudy days. When clouds 

cover the sun, the optimal panel angle shifts to capture the maximum 

available diffuse light (light scattered from the sky). Since traditional 

trackers focus only on the sun's known position, they fail here. The AI 

model, having learned the relationship between low light intensity (from 

the sensor) and the best angle for diffuse light, should demonstrate a 

substantial jump in Watt-hours (Wh) captured during these 

challenging periods, validating the power of predictive learning. 

2. Validation of Low-Cost AI: By successfully implementing the model on 

a low-cost platform like the Raspberry Pi, the project proves that 

sophisticated AI solutions don't require expensive, industrial 

controllers. This makes the technology accessible for small-scale 

applications, residential systems, and educational initiatives. 

3. Real-World Adaptability: The reliance on local, real-time sensor data 

(temperature and light intensity) means the tracker is not bound to a fixed 

algorithm. It will adapt to unique site conditions, like nearby shadows 

from buildings or local climate patterns, making it inherently more robust 

and flexible than generic, geo-location-based trackers. 

 

B. Potential Challenges and Mitigation 

The research plan acknowledges potential hurdles that must be discussed: 

• Data Quality: The AI model is only as good as the data it is trained on. If 

the sensor readings (current, voltage, light) are inaccurate or noisy, the 

model's predictions will be flawed. 

o Mitigation: We will use validated, reliable sensors and perform 

data cleansing (outlier removal) during the analysis phase. 

• Motor Accuracy: The servo motor must move the panel to the angle 

predicted by the AI precisely. Any mechanical slop or inaccurate 

movement will reduce the energy gain. 

o Mitigation: The system calibration must ensure the motor control 

code (PID control, if used) translates the predicted angle into an 

accurate physical position. 

C. Broader Implications (Future Impact) 
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If successful, this experiment provides compelling evidence for shifting the 

industry standard: 

• From Reactive to Predictive: The project moves solar tracking from 

being a reactive system (reacting to LDR light intensity differences) or a 

pre-programmed system (following the clock) to a predictive, 

intelligent system that forecasts the best position ahead of time. 

• Energy Management Tool: This AI core could be extended to not just 

predict the panel angle, but also predict total future energy availability 

for the grid or home, aiding in more efficient power management and 

storage planning. 

 

 

 

 

 


