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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   NO
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  21
Number of Shots: 42

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)


Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer at least 3 of the questions below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style that is suitable for being spoken aloud.
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

What is the scope of your research? What questions are you trying to answer? 
1.1. Xi Qiao: We specialize in a biomass estimation method for invasive plants using UAV remote sensing and computer vision. Our primary goal is to address the limitations of conventional methods that involve manual surveys and extensive data collection. These approaches have proven to be inefficient, subjective, and unable to provide practical biomass estimates in complex environmental conditions.

What are the most recent developments in your field of research?
1.2. Xi Qiao: In the field of plant biomass estimation by UAV remote sensing, there have been some important advances recently, such as high-resolution image acquisition techniques, multimodal data integration, etc. These advances have collectively promoted the development of UAV remote sensing in plant biomass estimation, which provides more refined data support for scientific research, environmental monitoring, and agricultural management.
What technologies are currently used to advance research in your field?
1.3. Xi Qiao: Research in UAV remote sensing for plant biomass estimation has benefited from the advancement of several key technologies, some of which are listed below: high-resolution sensor technology, multispectral and hyperspectral imaging, global positioning systems (GPS), inertial navigation systems (INS), remote sensing data processing software, deep learning and artificial intelligence, battery technology, data storage, and cloud computing.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Feng Qin: Relative to traditional plant biomass estimation methods, our proposed method does not require extensive manual surveys and data counting, and for other multispectral hyperspectral estimation methods, we do not need expensive equipment. Our method can automatically and accurately estimate plant biomass without expensive equipment, which is our advantage.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Feng Qin: Our lab will continue to study UAV remote sensing plant biomass estimation, and in the future, we will focus on further optimizing deep learning algorithms, applying multi-source data fusion, while continuing in-depth research on flight platforms and sensor technology innovation.

Videographer: Obtain headshots for all authors.



Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (how the word will be spoken).
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include a voiceover without an accompanying visual.

IMPORTANT! Continuous shots: Please list the shots that need to be performed continuously without any interruptions. This information will help the videographer during filming. 
Click here to list the shots to be performed continuously without any breaks

Video 2: Collecting UAV Images and Creating a Dataset for Estimation of Invasive Plant Biomass
Demonstrator: Feng Qin
Protocol
Employ a random sampling approach using a sufficient number of biomass samples to determine soil sampling locations in the study area [1]. Position the sample frame horizontally over the vegetation [2], fully encompassing the plants with a minimum separation distance of 2 meters between each plant [3].
WIDE: An establishing shot of talent approaching the study area. 
Authors: Please check the shots (in 3-digit numbers like 2.1.1, 2.1.2, etc.– if you feel any shot would not be possible to film on the filming day, let us know. We will try to script it differently. Thank you for bringing this to our attention. We acknowledge the importance of these steps during the shoot. Therefore, on the day of the shoot when real-time photo-taking is not possible, I will highlight these steps in yellow.
Talent positions the sample frame over the vegetation in the study area.
Shot of the sample frame fully encompassing the plants. Videographer: If needed, capture this as a wide shot such that the frame and the plants are visible properly.
Use a drone and a camera to build an unmanned aerial vehicle or UAV (U-A-V) remote-sensing filming system [1].
Talent pointing at the drone and a camera kept on the ground or on a workbench.
To plot the route within the specified study area using the UAV, first establish a heading and side overlap rate of 70% [1]. While maintaining the camera angle perpendicular to the ground at 90 degrees and positioning the camera at an altitude of 30 meters [2], capture photos at uniform time intervals of 2 seconds [3].
Talent establishing a heading and side overlap rate of 70%. Authors: Please mention what action will you perform while establishing the heading and side overlap rate – will you do this on a computer screen? The heading and lateral overlap rates were set using the DJI GS Pro software on the iPad Mini tablet. These parameters were clearly visible in real-time on the tablet screen.
Shot of the camera perpendicular to the ground at an altitude of 30 meters. Authors: How will you set or observe the camera position – is it possible to film this? Will it be shown on a computer screen? The flight altitude and track are set using the DJI GS Pro software on an iPad Mini tablet. This allows for real-time observation of the camera's relative position and altitude information, which can also be recorded and filmed through the tablet.
Photo being captured. Authors: Is it possible to see the photos being captured on a computer screen? Our protocol does not allow us to view the captured photos on a computer screen. This is because aerial photography of large images requires a significant amount of data transfer and processing, and the cameras we use are not capable of transferring data in real-time with the flight platform.
Store the aerial imagery for subsequent processing with Python software for biomass estimation [1].
SCREEN: To be provided by the authors: The aerial imagery is being stored for processing with Python.
Authors: The shots labeled as SCREEN are those that would be visualized on a computer screen. Because filming the screen directly does not produce good-quality images, we recommend recording the shots using screen recording software.66067_screenshot_1.mp4 (Right click, click run script file to save captured raw images to local computer) 00:00 - 00:43
For creating the dataset using Python programming, proceed to segment the raw image data into smaller images of size the same as the sample images [1]. Use the sliding window method for segmentation, setting the horizontal and vertical steps to 280 pixels [2].
SCREEN: To be provided by the authors: In the Python software, the the raw image data is being accessed for segmenting into desired smaller images.
SCREEN: To be provided by the authors: The sliding window method is being used, the horizontal and vertical steps are set to 280 pixels, and the image data segmentation is being performed.
· 66067_screenshot_2.mp4
· 2.5.1. (Right click, click run script file, use Python to read the original image data under the path "... /image/", and set the storage path of the segmented image as "... /image_cut/") 00:45 - 01:00
· 2.5.2. (Right click, click run script file to batch segment the acquired raw drone images into small 280×280pix images along the horizontal and vertical directions) 01:00 - 01:25

From the segmented small images, randomly select 880 invasive plant images and 1500 background images to create a dataset [1]. Then, split this dataset into training, validation, and test sets in a 6:2:2 ratio [2].
SCREEN: To be provided by the authors: 880 invasive plant images and 1500 background images are being randomly selected from the segmented small images.
SCREEN: To be provided by the authors: The dataset is split into training, validation, and test sets in a 6:2:2 ratio.
· 66067_screenshot_2.mp4
· 2.6.1. (880 invasive plant images were randomly selected from the segmented small images and placed in the path "... /dataset/0/", and 1500 background images were placed under the path "... /dataset/1/") 00:00 - 00:08
· 2.6.2. (Right click, click run script file to split the dataset 6:2:2 and save the image paths and labelling information in 'train_data.txt', 'val_data.txt' and 'test_data.txt' respectively) 00:10 - 01:04

Video 3: Collecting the Aboveground Biomass of Mikania micrantha Samples After UAV Data Collection
Demonstrator: Feng Qin
Protocol
Begin collecting the aboveground biomass of chamomile manually within each sample plot after completing the drone data collection [1]. When collecting, first, cut the chamomile along the inside edge of the sample plot [2-TXT]. 
WIDE: An establishing shot of talent approaching the sample collection site for manually collecting chamomile.
Talent cutting the chamomile along the inside edge of the sample plot. TXT: Prevent sample plots from moving
Then, cut the rhizome of the chamomile from the bottom [1]. Remove any dirt, rocks, or other plants that are mixed in [2]. Finally, bag and label the samples [3].
Talent cutting the rhizome of the chamomile from the bottom.
Talent removing any dirt, rocks, or other plants that are mixed with the cut plant sample.
Talent places the sample in a bag that is labeled appropriately.
Next, bring the collected samples of invasive plants to the laboratory [1]. Air-dry all the collected samples to evaporate most of the moisture [2]. To further remove moisture from the air-dried samples, dry them in an oven set at 55 degrees Celsius. for 72 hours [3]. 
Talent enters the laboratory while carrying the bag/bags of collected samples.
Shot of the sample kept undisturbed for air drying.
Talent places samples in an oven and closes the oven door.
To weigh each sample, use an electronic balance placed in an undisturbed environment [1]. Place a bag of chamomile on the balance, wait for the readings to stabilize, and record the readings in grams [2]. Once done, calibrate again and continue weighing. [3].
Shot of an electronic balance kept in an unsdisturbed environment.
Talent places a sample bag on the balance, waits for the reading to stabilize, and notes down the reading in a notebook.
Talent presses the button for calibration on the balance and places a new sample bag for weighing.
Weigh the chamomile every hour until the mass no longer changes [1]. Subtract the weight of the bag from that reading to obtain the measured mass of that sample [2]. Finally, calculate the aboveground biomass of the invasive plant using the formula displayed [3].
Talent observes the weight of the sample bag placed on the balance.
Talent places the empty sample bag on the balance for weiging.
Text on plain background:

Video 4: Identification and Biomass Estimation of Mikania micrantha Using Data Obtained from Unmanned Aerial Vehicle (UAV)
Demonstrator: Feng Qin
Protocol
To prepare the software, go to Anaconda's official website to download and install Anaconda [1-TXT]. Then, head to PyCharm's (Pie-charm’s) website and download the PyCharm IDE (I-D-E) [2-TXT]. Authors: Please check all pronunciation guides.
WIDE: An establishing shot of talent sitting in front of the computer with the Anaconda official site open on the screen. TXT: https://www.anaconda.com/
SCREEN: To be provided by the authors: The PyCharm IDE is being downloaded from PyCharm's website. TXT: https://www.jetbrains.com/pycharm/
To create a Conda environment, open the Anaconda Prompt command line, then type conda create -n (en) pytorch (pie-torch) python==3.8 (python equals to equals to three point eight) to create a new Conda environment [1]. After the environment is created, enter conda info –envs (e-n-v-s) to confirm that the pytorch environment exists [2]. Authors: Please check all pronunciation guides.
SCREEN: To be provided by the authors: The Anaconda Prompt command line is opened, the code to create the new Conda environment is typed.
· 66067_screenshot_3.mp4
· 4.2.1. (Right click, click Anaconda Prompt, launch a command line window and type "conda create -n pytorch python==3.8" to create a new conda environment) 00:00 - 01:06
Video Editor: Please emphasize the following entire code on the screen:
· 66067_screenshot_3.mp4
· 4.2.2. (Continue typing the command "conda info --envs" to make sure that the new conda environment already exists) 01:27 - 01:38
conda create -n pytorch python==3.8
SCREEN: To be provided by the authors: conda info --envs is entered to confirm that the PyTorch environment exists. 
Video Editor: Please emphasize the following entire code on the screen:
conda info --envs
Open the Anaconda Prompt and activate the pytorch environment by entering conda activate pytorch [1]. Type nvidia-smi (en-vee-dee-ah ess-em-i) to check the current Compute Unified Device Architecture or CUDA (C-U-D-A) version [2]. Authors: Please check all pronunciation guides.
SCREEN: To be provided by the authors: The Anaconda Prompt is opened, and the code for activating pytorch is entered.
· 66067_screenshot_3.mp4
· 4.3.1. (Activate the newly created conda environment by typing "conda activate pytorch") 01:54 - 02:01
Video Editor: Please emphasize the following entire code on the screen:
· 66067_screenshot_3.mp4
· 4.3.2. (Enter the command "nvidia-smi" to check the current CUDA version) 02:11 - 02:20
conda activate pytorch
SCREEN: To be provided by the authors: nvidia-smi is being typed and the current CUDA version is seen.
Video Editor: Please emphasize the following code on the screen:
nvidia-smi
Then, install PyTorch version 1.8.1 (one-point-eight-point-one) by running the command conda install pytorch==1.8.1 (pie-torch equals to equals to one-point-eight-point-one) torchvision==0.9.1 (torch-vision equals to equals to zero-point-nine-point-one) torchaudio==0.8.1 (torch-audio equals to equals to zero-point-eight-point-one) cudatoolkit=11.0 (c-u-d-a-tool-kit equals to elaven-point-zero)-c pytorch [1]. Authors: Please check all pronunciation guides.
SCREEN: To be provided by the authors: PyTorch version 1.8.1 is being installed by running the sppropriate command.
· 66067_screenshot_3.mp4
· 4.4.1. (Enter the command "conda install pytorch==1.8.1 torchvision==0.9.1 torchaudio==0.8.1 cudatoolkit=11.0 -c pytorch" to install pytorch version 1.8. 1 version) 02:48 - 14:00
Video Editor: Please emphasize the following entire code on the screen:
conda install pytorch==1.8.1 torchvision==0.9.1 torchaudio==0.8.1 cudatoolkit=11.0 -c pytorch.
To run the model recognition, preprocess the images to prepare them for model input [1]. Using the displayed code [2], resize the images from 280 by 280 pixels to 224 by 224 pixels and normalize them to ensure they meet the model's size requirements [3].
SCREEN: To be provided by the authors: The images being preprocessed to prepare them for model input.
Text on plain background:transform = transforms.Compose([
transforms.Resize((224, 224)),
transforms.ToTensor(),
transforms.Normalize([0.485, 0.456, 0.406], [0.229, 0.224, 0.225])])
SCREEN: To be provided by the authors: The images are being resized from 280 by 280 pixels to 224 by 224 pixels using the appropriate code.
· 66067_screenshot_4.mp4
· (4.5.1.-4.5.3.) (Preprocess the input image by setting transforms. Set "transforms.Resize((224, 224))" to resize the image from 280 x 280 pixels to 224 x 224 pixels. Set "transforms.ToTensor()" to convert the image to tensor format. Set "transforms.RandomHorizontalFlip()" and "transforms.RandomVerticalFlip()" to flare the input image. Set "transforms.Normalize([0.485, 0.456, 0.406], [0.229, 0.224, 0.225])]" to normalise the image.) 00:00 - 00:20

Train a multi-class recognition model with the already created dataset. Set the number of iterations to 200 and an initial learning rate of 0.0001. Reduce the learning rate by a third every 10 iterations with a batch size of 64 [1]. Save the optimal model parameters automatically after each iteration [2].
SCREEN: To be provided by the authors: A multi-class recognition model is trained with the already created dataset - the number of iterations is set to 200, and an initial learning rate is set to 0.0001. The learning rate is reduced by a third every 10 iterations with a batch size of 64.
· 66067_screenshot_5.mp4
· 4.6.1. (The code "Epoch = 200, batch_size = 64, learning_rate = 0.0001" sets the number of iterations to 200, the batch size to 64 and the initial learning rate to 0.0001) 00:00 - 00:08
SCREEN: To be provided by the authors: The optimal model parameters are saved automatically after one iteration.
· 4.6.2. (The learning rate of the training process is updated by defining the function "def update_lr(optimiser, lr)". The condition "if (epoch + 1) % 10 == 0:" is used to judge every 10 iteration cycles, and using "curr_lr /= 3, update_lr(optimizer, curr_lr)", set the learning rate reduced to 1/3) 00:08 - 00:39
· 4.6.3. (The trained model is saved as "... /model/resnet101/model.ckpt") 00:39 - 00:54

Employ a meticulously trained recognition model and systematically traverse the original image for identification purposes [1].
SCREEN: To be provided by the authors: A meticulously trained recognition model is employed and the original image is systematically traversed for identification purposes. Authors: If possible mention what exactly will you do for this step – is it a very long process, or a short one. This will help us script better.
· 66067_screenshot_6.mp4
· 4.7.1. (Right click, click Run Script, train the model, as the number of iterations increases, the accuracy increases, the Loss decreases, and after completing all the iterations, save the optimal model) 00:00 - 10:53

Configure horizontal and vertical steps precisely at 280 pixels, resulting in the generation of a comprehensive distribution map highlighting the presence of invasive flora within the boundaries of the study area [1]. Present the selected results visually [2].
SCREEN: To be provided by the authors: The horizontal and vertical steps are configured at 280 pixels, and a comprehensive distribution map highlighting the presence of invasive flora within the boundaries of the study area is generated.
· 66067_screenshot_7.mp4
· 4.8.1. (Load the original image under the path "... /map/" and load the saved model "... /model/resnet101/model.ckpt", use the model to traverse along the horizontal and vertical recognition, and output the recognition results) 00:00 - 00:46
SCREEN: To be provided by the authors: The selected results are being displayed on the screen.
· 66067_screenshot_7.mp4
· 4.8.2. (The selected results are being displayed on the screen) 01:03 - 01:16
Perform simple data augmentation with the RandomResizedCrop (Random resized crop) and RandomHorizontalFlip (random horizontal flip) functions to extend the image set and extract the six vegetation indices commonly used for estimating biomass. Refer to the displayed table for the calculation of the indices [1-TXT].
SCREEN: To be provided by the authors: Data augmentation is being performed using RandomResizedCrop and RandomHorizontalFlip to extend the image set and extract the six vegetation indices.
· 66067_screenshot_8.mp4
· 4.9.1. (The image data of the samples are stored in the path "../biomass_sample_image/", and the corresponding biomass data are stored in the "../output/biomass_sample_data.xlsx". After loading the images, the six vegetation indices were calculated according to the formula, and the corresponding biomasses were combined and saved together in the table "../output/sample_feature_data.xlsx".) 00:00 - 00:21
LAB MEDIA: Table 1. Video Editor: Show 4.9.2 along with 4.9.1 when the VO says, “Refer to the displayed table for the calculation of the indices.”
Create a K-nearest neighbor regression model using the output to ensure precise estimation of the biomass of invasive plants. Use the extracted vegetation indices as inputs for the estimation model [1].
SCREEN: To be provided by the authors: A KNNR model being created using the output – the extracted vegetation indices are used as inputs for the estimation model.
· 66067_screenshot_9.mp4
· [bookmark: _GoBack]4.10.1. (Load the vegetation index information and biomass data obtained in the previous step, and through the "load_data()" function, clean the data and divide them into train set and test set according to 7:3) 00:00 - 00:18
Authors: Please record all shots labeled as SCREEN using screen recording software, and upload the video files to your project page as soon as possible. https://review.jove.com/account/file-uploader?src=20150483
Representative Results
Mikania micrantha could be observed climbing atop the plant adorned with white flowers [1]. The other plants, as well as the road and accompanying elements, were uniformly depicted in the background [2].
LAB MEDIA: Figure 3. Video Editor: Show the two images in the left panel.
LAB MEDIA: Figure 3.
The model recognized the red part as Mikania micrantha demonstrating robust detection in complex backgrounds [1]. 
LAB MEDIA: Figure 4
The regression analysis demonstrated strong predictive performance, with an R square value of 0.62 and an RMSE of 10.56 grams per square meter [1].
LAB MEDIA: Figure 5
The model enhanced the accuracy of chamomile biomass estimation, and the spatial distribution map effectively captured the distribution of chamomile biomass [1].
LAB MEDIA: Figure 6
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