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STANDARD OPERATING PROCEDURE
Temperature Control Testing for ASHES
Purpose: Controlled temperature variation for sensor accuracy testing and fire detection auto-activation verification
SECTION 1: OVERVIEW
1.1 PURPOSE
This SOP describes procedures for safely and accurately changing the ambient temperature around DFRobot SHT31 sensors to:
a) Verify sensor accuracy across temperature range
b) Test fire detection auto-activation thresholds
c) Validate rate-of-change detection algorithms

1.2 SCOPE
Applies to:
· ASH1 sensor node testing
· ASH2 sensor node testing  
· ASH0 fire detection logic validation
· Integration testing of the multi-node system

1.3 SAFETY PRECAUTIONS
WARNING: High temperature testing involves heat sources and electronic components. Follow all safety procedures carefully.
· Monitor tests continuously - never leave unattended
· Never exceed 85 °C - sensor maximum operating temperature 125 °C
· Keep heat sources away from battery and other electronics
· Use insulated tools when handling hot equipment
· Have a fire extinguisher readily available
· Work in a well-ventilated area
· Avoid skin contact with heated surfaces
· Allow cooling period before handling
SECTION 2: EQUIPMENT AND MATERIALS
2.1 REQUIRED EQUIPMENT
Testing Equipment:
· Reference thermometer
· Reference hygrometer
· Timer or stopwatch
· Multimeter (for battery voltage verification)
· Laptop with Arduino IDE (or similar) and Serial Monitor
· USB cable for serial connection

Temperature Control Methods (choose based on test type):
· Method A: Heat Gun (for rapid temperature increase)
· Method B: Environmental Chamber (if available)
Support Equipment:
· Thermally insulated enclosure
· Data logging sheet or Excel file
· Camera or phone for documentation

2.2 SENSOR NODE HARDWARE
· ASH1 or ASH2 node (Heltec LoRa v3 with SHT31 sensor)
· Charged battery or USB power supply
· ASH0 control node (for auto-activation testing)
· Backup power cables





2.3 ENVIRONMENTAL CONDITIONS
Baseline conditions before test:
· Room temperature: 20-25°C
· Relative humidity: 30-60%
· No direct sunlight on sensors
· Minimal air movement
· Stable ambient conditions for 5 minutes prior
SECTION 3: PRE-TEST PROCEDURES
3.1 SYSTEM PREPARATION
1. Power on sensor node and verify initialization:
Expected Serial output:
· "SHT31 sensor initialized successfully."
· No RADIOLIB_OR_HALT errors
· Normal LoRa transmission at 15-second mark

2. Record baseline readings (let stabilize for 2 minutes):
Time: ____5:20________
Temperature: ____22.71__°C (sensor)      vs ___21.9___°C      (reference)
Humidity:        ___42.04___%RH (sensor) vs __n/a____%RH (reference)
Battery:            ___n/a___V

3. Verify reference instruments are calibrated and stable (do the reported readings seem reasonable?)
yes
4. Position reference thermometer within 10cm of SHT31 sensor





5. If testing auto-activation:
· Verify ASH0 is powered and connected to serial monitor and the internet.
· Confirm ASH0 receiving ASH1 transmissions (check Serial)
· Note current counter value
· Verify solenoid is in closed state
· Clear any existing fire detection array data if needed
SECTION 4: TEMPERATURE CONTROL METHODS
4.1 METHOD A: HEAT GUN (Rapid Temperature Rise)
Use for: Rate-of-change fire detection testing (3-5°C rise in <2 minutes)
Procedure:
1. Set heat gun to LOW setting (avoid direct contact)
2. Position heat gun 15-30cm from sensor node
3. Apply heat in 15-second intervals
4. Move heat gun in slow circular motion
5. Monitor temperature every 15 seconds
6. Stop when target temperature reached
CAUTION: Heat gun can exceed 100°C quickly - use careful distance control and exposure time
4.2 METHOD B: ENVIRONMENTAL CHAMBER
Use for: Testing across full temperature range
If environmental chamber available:
1. Place sensor node and reference instrument inside chamber
2. Set target temperature and humidity
3. Allow 1 minutes for stabilization
4. Record readings at steady state
5. Increment temperature in 10°C steps
6. Test range: ~20°C to +70°C (within triggering limits)





SECTION 5: DATA RECORDING AND ANALYSIS
5.1 DATA COLLECTION
For each test, record:
· Date and time
· Test type and objective
· Node ID (ASH0, ASH1, ASH2)
· Message counter value at start
· Temperature profile (all readings)
· Humidity profile (all readings)
· Battery voltage
· Trigger events and timing
· Any anomalies or unexpected behavior
5.2 SERIAL OUTPUT CAPTURE
Save complete Serial Monitor output for:
· Sensor readings every 15 seconds
· Array contents display
· Fire detection messages
· Auto-trigger activation
· Any error messages

SECTION 6: POST-TEST PROCEDURES
6.1 COOL-DOWN AND RESET
1. Turn off heat source immediately after test completion
2. Allow sensor node to cool naturally to room temperature
3. Expected cool-down time: 5-15 minutes depending on max temperature reached
4. Verify sensor returns to baseline
5. Reset message counter if needed using Serial command 'r'
6. Reset internal timer if needed using Serial command 't'

6.2 HARDWARE INSPECTION
After high-temperature testing (>50°C):
· Inspect sensor for physical damage
· Check for discoloration or melting
· Test I2C communication
· Verify LoRa transmission resumes normally
· Check battery voltage for degradation
· Inspect PCB for heat damage
· Verify SHT31 sensor still responds

6.3 FUNCTIONAL VERIFICATION
After cooling, verify:
· Sensor initializes successfully on next boot
· Temperature readings return to normal range
· Humidity readings return to normal range
· LoRa transmission continues at 15-second intervals
· No persistent error messages




6.4 DATA ARCHIVAL
1. Save all recorded data to Excel test plan file
2. Save Serial Monitor logs with timestamp
3. Document any issues or anomalies
4. Photograph sensor node condition
5. Update test summary
6. File data in project folder with test date

SECTION 7: TROUBLESHOOTING
7.1 SENSOR NOT RESPONDING TO TEMPERATURE CHANGE
Possible causes:
· Insufficient heat transfer (sensor not in heated zone)
· Thermal lag (need to wait longer for stabilization)
· Sensor failure or I2C communication error
Solutions:
· Move heat source closer (maintain safe distance)
· Increase heating time
· Verify sensor initialization in Serial output
· Check connections (sensor on GPIO 45, 46)

7.2 HUMIDITY NOT DROPPING AS EXPECTED
Possible causes:
· Ambient humidity too high
· Insufficient temperature rise
· Heat source adding moisture (steam)
Solutions:
· Increase temperature change magnitude
· Test in drier environment
· Use desiccant to lower baseline humidity
· Accept that humidity trigger may be difficult to test without chamber


7.3 AUTO-TRIGGER NOT ACTIVATING
Possible causes:
· Temperature below threshold (not actually ≥65°C)
· Humidity not low enough
· Array not full (for rate-of-change tests)
· Both conditions not met simultaneously
· autoTriggerActive remains true from previous test
· Firmware logic errors
Solutions:
· Verify actual temperature with reference thermometer
· Check array contents in Serial output
· Ensure LocalDataCount =  4 for rate-of-change
· Verify both temperature AND humidity conditions met
· Reset system and clear arrays before retrying
· Check ASH0 is receiving LoRa transmissions
· Check ASH0 is not stuck in reconnect loop
· Review firmware

7.4 TEMPERATURE OVERSHOOT
Possible causes:
· Heat source too close
· Heat applied too rapidly
· Insufficient monitoring
Solutions:
· Increase distance from heat source
· Use lower heat setting or airflow
· Apply heat in shorter intervals
· Monitor more frequently
· Use gentle heating method (hair dryer vs heat gun)




7.5 SENSOR DAMAGED BY EXCESSIVE HEAT
Symptoms:
· Sensor reads constant value (stuck)
· I2C communication failure
· Sensor initialization fails
· Erratic readings
Prevention:
· Never exceed 85°C maximum operating temperature
· Monitor continuously during heating
· Use gradual temperature increase
· Keep heat away from other components
· Have reference thermometer close to sensor
Recovery:
· If the sensor is damaged, replacement is likely required
· Review HandlingInstructions.pdf pg. 5 -Reconditioning Procedure
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