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[bookmark: _Hlk193108473]Appendix 2. RPAS data collection workflow—In the field

Note: This is an example workflow for RPAS data collection using a DJI Matrice 300 RTK with a DJI Zenmuse L1 sensor and Micasense RedEdge sensor

1. Place GCPs (checkered targets) on the site as close as practical to the plan (pre-field workflow Appendix 1) to maintain even spacing through the site. The GCPs should have a clear view of the sky and be placed away from tall obstructions so that they are visible from above at multiple angles.

2. Complete the following steps to establish the D-RTK2 base station:

2.1. Find open area with no canopy overhead to place the D-RTK2 base station.

2.2. Use a mallet to mark the base station location on the ground with star picket/nail (ground marker).

2.3. Mount the base station to the tripod.

2.4. Place the base station over the ground marker (the base station extension rod must touch the ground marker).

2.5. Check the antenna bubble for levelling (not the tripod bubble).

2.6. Check that the battery in D-RTK2 antenna has adequate charge by pressing the button on the battery to view charge amount.

2.7. Press and hold the Power button to power on the D-RTK2 antenna. Set it to operate as a ‘Mobile Base station (Broadcast Mode, M300 RTK)’ which is Mode 5, signified by the light flashing five times upon start up. (See D-RTK2 user guide).

3. Prepare the DJI M300 RTK aircraft:

3.1. With the M300 still in the case, install landing gear (legs) on the aircraft. Slide the gear lock to the end of the landing gear and rotate it until the dot matches the alignment mark. Be sure to align the dots and not overtighten (that could damage the landing gear).

3.2. Lift the aircraft by the landing gear and place the aircraft on the landing pad to be used for takeoff. Remove both the propeller holders.

3.3. Unfold the frame arms on both sides. Note: Force should not be used as this could damage the propellers.

3.4. Lock the frame arms and unfold the propellers.

3.5. Install a pair of batteries (note in your flight logbook which ones you are using). Press the battery level button once to check the level of charge. Be sure to lock them into place or you will get an error on the remote controller.

3.6. Connect the desired sensor to the gimbal (Section 4 for MicaSense MS camera or Section 5 for DJI Zenmuse L1 LiDAR).

3.7. Turn on the remote controller and the aircraft.  

4. Multispectral Mission Settings.

4.1. Check that the MicaSense sensor has an SD card inside.

4.2. Connect MicaSense sensor to the gimbal. Press the gimbal detachment button to remove the cover. Align the white and red dots and insert the MicaSense sensor. Rotate the gimbal lock to the locked position.

4.3. Connect the Downwelling Light Sensor (DLS) power cable to the DLS port.

4.4. Remove lens cap and power the aircraft.

4.5. When the sensor has been powered on and has finished initializing, it will broadcast a Wi-Fi signal (if the Wi-Fi adapter is attached). The SSID includes the sensor name and serial number. The serial number is printed on the rear of the sensor. 

4.6. The default manufacturer’s password for this Wi-Fi access point is micasense.

4.7. Once connected to the sensor’s Wi-Fi, open any web browser (i.e. on your phone/tablet) and access the sensor’s web page by typing in ‘192.168.10.254’ in the address bar of the browser (no quotes).

4.8. Take a test shot to check the camera (press a small button on DLS and check if images appear on the phone/tablet).

4.9. On the Home screen of the user interface check that:
a. Downwelling Light Sensor (DLS) status is connected.
b. SD card is displayed under Storage.
c. GPS is running, and satellites are visible.

4.10. From the web page’s Settings page, access the DLS Configuration section.

4.11. Calibrate DLS Magnetometer. “Calibrate DLS Mag” is a clickable link that will start the calibration process. Once the startup sequence has finished, you will be shown a screen with instructions for which orientation your aircraft should be in for each of the calibration steps. To calibrate the magnetometer, a 6-axis calibration routine needs to be performed. During the routine, the aircraft (specifically the GPS module) should remain in a fixed position while being rotated, i.e. the user performing the calibration should be moving around the magnetometer. The on-screen rotation guide will show you when you have successfully completed one orientation and can move on to the next.

4.12. Use the remote controller to setup the flight settings. Expand the menu on the right to update the following settings:
a. Enter a name for the Mapping mission.
b. Check that the area to be mapped (shown in blue polygon) is correct.
c. Camera -> RedEdge-P.
d. Terrain Follow: Disable.
e. ASL/ALT: Relative to Takeoff Point (ALT). 
f. Flight Route Altitude (m): 50. 
g. Target Surface to Takeoff Point: 0.
h. 8. Takeoff Speed: 5 m/s. 
i. 9. Elevation Optimisation: Enable. 

4.13. Under Advanced Settings, ensure the following have been set:
a. Side Overlap Ratio (%): 80. Overlap between the flight lines.
b. Frontal Overlap Ratio (%): 90. Overlap along the flight line. 
c. Course Angle: 0. North-South direction is chosen to minimise variation in reflectance data (BRDF effects) in multispectral data capture.
d. Margin: 10 m. Includes a buffer around the flight area.
e. Photo mode: default ‘Timed interval shot’.

4.14. Capture an image of the MicaSense calibrated reflectance panel (CRP) by pushing the button located on the DLS2. Be careful not to block any of the sensors on the DLS2 while doing this. Recommendation: take a capture of the CRP immediately before and after each flight, with the panel flat on the ground in an open area from about 1m in height. This is best done by holding the camera/aircraft with the sun to your back such that the sun is hitting the panel, but the light isn't reflected onto the panel from your clothes or from any surrounding objects. Normally this can be achieved by standing directly in front of the CRP with the sun hitting your back and taking one big step to either side, so the panel has no shadows being cast over the grey material.

5. LiDAR Mission Settings.

5.1. Check that the L1 has a microSD card installed.

5.2. Connect L1 to the gimbal. Press the gimbal detachment button to remove the cover. Align the white and red dots and insert the L1 sensor. Rotate the gimbal lock to the locked position.

5.3. Use the remote controller to setup the flight settings. Expand the menu on the right to update the following settings:
a. Check that the area to be mapped (shown in blue polygon) is correct.
b. Check that Camera-> Zenmuse L1->LiDAR Mapping is selected for the lidar mapping mission.  
c. IMU Calibration: Enable.
d. Terrain Follow: Disable.
e. ASL/ALT: Relative to takeoff point (ALT). 
f. Flight Route Altitude: 50 m.  
g. Target Surface to Takeoff Point: 0. 
h. Takeoff Speed (m/s): 5.
i. Speed (m/s): 5.
j. Elevation Optimization: Enable.

5.4. Under Advanced settings ensure the following have been set:
a. Side Overlap (LiDAR) (%): 70. 
b. Forward Overlap (Visible) (%): 70. 
c. Course Angle: 0.
d. Margin: 10. 
e. Photo mode: ‘Timed interval shot’

5.5. Update Payload settings as follows:
a. Return Mode: Triple.  
b. Sampling Rate: 160 Hz.  
c. Scanning mode: Repetitive 
d.  RGB Coloring: Enable.

6. Pre-flight.

For LiDAR missions, wait until the message ‘Payload IMU warmed up’ appears on the screen. Note that this can take 5 – 6 minutes from turning on the M300 (usually it takes more time in cold weather). Do not fly before the Zenmuse L1 payload is ready.

7. Sequentially carry out multispectral and LiDAR missions.

7.1. Check the aircraft setup (propellors, frame arms, landing gear, DLS) and ensure the sensors are connected properly. Note: while either the pilot or spotter might prepare the aircraft, the pilot must check the equipment before takeoff and maintains ultimate responsibility for the aircraft.

7.2. From the main screen of DJI Pilot2, press the status message for UAV Health Management System.

7.3. Scroll down the screen and resolve any Warnings or errors. Check that all systems are Normal. If any module has a Caution or Warning, tap the message for more information and troubleshooting.

7.4. Check that the M300 batteries, D-RTK2 battery and the remote controller have adequate charge.

7.5. Check that the satellite count is more than 10.

7.6. Check the DJI app for any other alerts/errors.

7.7. Manual take-off and landing are recommended. Use the remote controller to start the motors by pushing and holding both sticks downward and inward to take off manually. Manually fly the aircraft to the flight altitude and check that the aircraft responses adequately to commands from remote controller (throttle, pitch, roll, yaw). Also check the wind speed on the controller at the flight altitude. When ready, start the mission (press the ‘Play’ button on the mission and follow the instructions). 

7.8. Take note of take-off time and any other important flight information in the flight logbook.

7.9. During the flight monitor UAV status to check that the mission is being flown at the correct speed and flying height. Ensure that batteries have enough power to complete the mission safely.

7.10. During a LiDAR mission, use the LiDAR view window of the remote controller to check if data is being collected. This is not possible with non-DJI sensors such as the MicaSense RedEdge.

7.11. Monitor the surrounding area for any obstacles and changes in weather.

7.12. In an emergency situation, hit the ‘pause’ button to hover the aircraft in the air, or to send the aircraft back to the landing pad, press the ‘home’ button on the controller. To gain manual control of the aircraft for an emergency landing, toggle the flight mode switch at the top of the controller out of ‘P’ (positioning mode) to another mode like ‘S’ (sport mode), which will immediately pause the mission and give full manual control of the aircraft; alternatively, the dedicated ‘pause’ button on the remote controller can be used to achieve the same results. Manually fly the aircraft safely to the ground.

7.13. In plots located close to roads, as the aircraft approaches the road a spotter with a radio must confirm that there is no traffic. If traffic is present, the pilot must pause the mission until traffic passes. The mission can be resumed once the spotter has radioed to confirm the road is clear. If this happens, make sure to include a note in metadata.

8. Post-flight

8.1. For multispectral missions only, repeat step 4.14 to capture post-flight CRP images. In the flight logbook note which set of images (pre- or post-flight) are most representative of flight conditions.

8.2. Check that all mission settings and appropriate flight information have been recorded in the flight logbook.

8.3. Check that the propellors, aircraft and sensors are intact and there is no sign of any damage.

8.4. At the end of all flights at the site:
a. Turn off the D-RTK2 Mobile station and remove the battery for storage in battery station, pack up the antenna, tripod + rod.
b. Pack up the M300 (the reverse of aircraft setup steps).

9. Use the Emlid Reach RS2+ RTK GNSS rover to get an accurate position of the centre of each GCP (see Appendix 3 for more details on using Emlid Reach RS2+ rover).

10. Check data quality.

10.1. For LiDAR missions, check the volume of the captured data using a laptop. Note: the expected data volume for a 120 m x 120 m plot with a 10 m margin is about 3 GB.

10.2. For the MicaSense sensor, use the Coverage Estimator on the MicaSense settings webpage (see section 4.7) to check that a flight has sufficient overlap. The Coverage Estimator is a tool for quickly checking that a flight has sufficient overlap.

10.3. From the initial Coverage Page, select one or more image sets to estimate and click “Next” (note: image sets must be geographically close together in order to work properly). The Flight Adjustment tab should appear and show a summary of its current estimation settings.

10.4. The Flight AGL is estimated based on the GPS positions recorded for the images, with the assumption that calibration panel pictures were taken near ground level, but if the estimate is incorrect, you can manually enter the correct AGL. The Estimate Resolution sets the quality of the output map. Low is sufficient for most applications. 

10.5. Click “Draw Coverage” to  render the coverage estimate. The rendering time depends on your device’s CPU, the size of the field, number of images, flight AGL, and quality setting, but typically runs in under 30 seconds on a modern smartphone. 
You will be presented with an estimate of your coverage. Dark blue areas have a high probability of correctly being processed in photogrammetry software such as Pix4D. Areas that are orange may work, but likely will not. Red areas will almost certainly not process correctly. Edges around the field will typically show as red or orange. This is okay as long as the data you are trying to collect is all contained within the dark blue region. If you discover that your field coverage estimate shows poor coverage, double check to make sure the Flight AGL is set correctly. 

10.6. If the Flight AGL is incorrect, click back on the Flight Adjustment section, correct the Flight AGL, then click on “Draw Coverage” again. If the Flight AGL is correct, your overlap settings may have been set wrong. You will need to capture more images in the field to ensure that post-processing will be successful. The most common cause of incorrect overlap is that the sensor’s parameters were not entered into the flight planning software for use in calculating track distances. You can also confirm that the track spacing is correct by checking it against the values given by the sensor’s Pre-Flight Estimator tool (“Distance between capture” is the forward overlap distance and “Distance between track” is the side overlap distance).

 Also check the CRP pre- and post-flight images. There must be at least two images pre- and post-flight. The entire panel must be covered in the image and the panel should take up around one-third of the image. Note that there will be one image tiff per band (image suffix is the band number). There must hence be two sets of good CRP images pre- and post- flight.
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