Appendix A: System Algorithms

Algorithm 1 On-Device TFLM Inference Logic

1: Initialize: tflm interpreter, input tensor, output tensor
2:
3: function RunInference()
4: // Populate the model’s input tensor
5: input tensor.data[0] ← current temperature
6: input tensor.data[1] ← current pH
7: input tensor.data[2] ← current TDS
8: input tensor.data[3] ← current turbidity
9: // Run the TFLM interpreter
10: tflm interpreter.Invoke()
11: // Get raw probability scores
12: output scores ← output tensor.data
13: // Find class with highest score
14: max score ← -1.0
15: predicted index ← -1
16: for i from 0 to NumberOfClasses - 1 do
17:	if output scores[i] > max score then
18:	max score ← output scores[i]
19:	predicted index ← i
20:	end if 21: end for
22: predicted label ← MapIndexToLabel(predicted index)
23: UpdateSystemState(predicted label)
24: end function


Algorithm 2 Continuous SD Card Logging

1: Initialize: Sensor pins, LCD, SD Card, Backend connection
2: loop
  3:	sensorData ← ReadAllSensors(samples=100)
  4:	processedData ← ComputeMedian(sensorData)
  5:	DisplayOnLCD(processedData)
  6:	SendToBackend(processedData)
  7:	WriteToSDCard(timestamp, processedData)
  8:	Wait(1 second)
9: end loop

Algorithm 3 Fluctuation-Based SD Card Logging

1: Initialize: lastLoggedData, thresholds
2: loop
  3:	currentSensorData ← ReadAllSensors(samples=100)
  4:	currentData ← ComputeMedian(currentSensorData)
  5:	//Check for significant fluctuation
  6:	hasFluctuation ← false
[bookmark: _Int_SFQ1uxVU]  7:	for each parameter p in currentData do
  8:	if abs(currentData[p] - lastLoggedData[p]) > thresholds[p] then
  9:	hasFluctuation ← true
10:		break 
11:	end if 
12:end for
13:	if hasFluctuation is true then
14:	WriteToSDCard(timestamp, currentData)
15:	lastLoggedData ← currentData
16:	end if
17:	DisplayOnLCD(currentData)
18:	SendToBackend(currentData)
19:	Wait(1 second)
20: end loop

