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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  
    

3. 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://review.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: https://review.jove.com/account/file-uploader?src=21271968

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 10/04/26

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps:  24
Number of Shots:  39

Introduction 


Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Prawit Chumchu: We present a protocol using underwater imaging, Raspberry Pi controllers, and an ANN for real-time water-quality monitoring, aiding Koi breeders.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Prawit Chumchu: Maintaining optimal water quality in aquaculture is vital for ornamental fish like Koi, influencing their health, coloration, and overall aesthetic value.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. Prawit Chumchu: Five water conditions from clear to turbid are classified with >99% accuracy, enabling autonomous monitoring and alerts to support sustainable aquaculture.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the most important consideration or challenge when performing this protocol.
1.4. Prawit Chumchu: A critical step is configuring the Raspberry Pi controller network. Incorrect settings prevent server–camera communication; verify connectivity using the PING command before testing.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

Are there any additional methods or analyses that can be performed following this procedure?
1.5. Prawit Chumchu: The approach can be adapted to other aquaculture or environmental monitoring contexts with minimal modification.  
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.




Protocol  

2. Development of a Raspberry Pi–Based Robotic Water Quality Monitoring System with Deep Learning Classification
Demonstrator: Prawit Chumchu
2.1. To begin, set up the Raspberry Pi based controller network including the robot and the action camera  [1]. 
2.1.1. WIDE: Talent arranging the Raspberry Pi units, robot platform, and action camera on a workbench and connecting them according to the schematic.
2.2. Set up a server running the Ubuntu version 24.04 LTS operating system [1]. Then set the default IP address and the network mask [2].
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21271968
2.2.1. SCREEN: Talent installing Ubuntu version 24.04 Long Term Support on the server machine.
2.2.2. SCREEN: The IP address and network mask are being configured.
2.3. To set up the action camera, swipe down on the action camera screen [1] and navigate to Preferences, then select Wireless Connections, and choose Camera Info to find the Wi-Fi Service Set Identifier name and pre-shared key password [2].
2.3.1. Shot of swiping down on the action camera touchscreen.
2.3.2. SCREEN: Show the navigation sequence Preferences > Wireless Connections > Camera Info and display the Wi-Fi Service Set Identifier and pre-shared key.
2.4. In the Wireless Connections menu, select Wi-Fi Band [1] and choose 2.4 gigahertz to enable connection with the Raspberry Pi Zero 2W [2].
2.4.1. SCREEN: Display the Wireless Connections menu and highlight the Wi-Fi Band option.
2.4.2. SCREEN: Show selection of 2.4 gigahertz from the available band options.
2.5. Verify connectivity through the action camera Wi-Fi interface by using a camera application to connect to the action camera [1].
2.5.1. SCREEN: Show the mobile device opening the camera application and selecting the action camera from the available networks. 
2.6. For wireless router setup, add routes on the wireless router [1-TXT]. Set the forwarding router address for both routes [2-TXT].
2.6.1. SCREEN: Show the router configuration page where static routes are being added for 192.168.2.0 slash 24 and 10.0.0.0 slash 8. TXT: Set routes to 192.168.2.0/24 and 10.0.0.0/8
2.6.2. SCREEN: Display the forwarding router address field set to 192.168.1.99 for both routes. TXT: Forwarding route: 192.168.1.99
2.7. Configure port forwarding on the router if internet based access to the action camera is required [1]. Set the port forwarding value to 8080, which is the web server port used by the action camera [2].
2.7.1. SCREEN: Show the router port forwarding configuration page.
2.7.2. SCREEN: Display port 8080 entered as the forwarded port for the action camera.
2.8. Next, install the Raspberry Pi version 6.12 operating system on the Raspberry Pi Zero 2W placed in the waterproof enclosure [1].
2.8.1. SCREEN: Talent installing the Raspberry Pi version 6.12 operating system on the Raspberry Pi Zero 2W board.
2.9. Execute the nmtui (N-M-T-U-I) command to configure the Wi-Fi Service Set Identifier and pre-shared key for connection with the action camera [1]. Then configure IP address and network mask of the Wi-Fi interface [2].
2.9.1. SCREEN: Show the terminal window where the nmtui command is typed and executed.
2.9.2. SCREEN: Display the nmtui interface where the Wi-Fi Internet Protocol settings are entered. 
AND
LAB MEDIA: Table 1
Video Editor: Please play both shots side by side in a split screen

2.10. Similarly, configure the IP address and network mask of the Ethernet interface [1].
2.10.1. SCREEN: Display the nmtui interface where the Ethernet Internet Protocol settings are being entered.
AND
LAB MEDIA: Table 1
Video Editor: Please play both shots side by side in a split screen
2.11. Configure Network Address Translation and set a default route using 192.168.1.2 as the forwarding router to enable communication across networks [1].
2.11.1. SCREEN: Show the terminal where Network Address Translation rules and the default route via 192.168.1.2 are configured.
2.12. Then install the Raspberry Pi version 6.12 operating system in the robot unit [1]. Using the terminal, execute the nmtui command to configure the Wi-Fi Service Set Identifier and pre-shared key to connect with the home or office router [2].
2.12.1. SCREEN: Talent installing the Raspberry Pi version 6.12 operating system on the Raspberry Pi Zero 2W mounted in the robot unit.
2.12.2. SCREEN: Show the terminal where the nmtui command is executed to configure Wi-Fi credentials.
2.13. Add a route to 10.0.0.0/8 via 192.168.2.2 and set the forwarding router address to 192.168.2.2 [1]. Set a default route using 192.168.1.1 as the forwarding router to enable communication across networks [2].
2.13.1. SCREEN: Display the terminal where the route to 10.0.0.0 slash 8 via 192.168.2.2 is added.
2.13.2. SCREEN: Show the terminal where the default route via 192.168.1.1 is configured.
2.14. For server setup, configure the Wi-Fi Service Set Identifier and pre-shared key on the server using the graphical user interface network settings to connect with the home or office router [1]. Assign an IP address to the server through Dynamic Host Configuration Protocol or manual configuration [2].
2.14.1. SCREEN: Display the server graphical network settings window where the Wi-Fi credentials are entered.
2.14.2. SCREEN: Show the network configuration panel where the Internet Protocol address is assigned.
2.15. Add routes to 192.168.2.0/24 and 10.0.0.0/8 with the forwarding router address set to 192.168.1.99 to enable connectivity with the Raspberry Pi units and the action camera [1].
2.15.1. SCREEN: Display the server terminal or network settings interface where both routes and the forwarding router address 192.168.1.99 are configured.
2.16. To perform communication testing,on the Raspberry Pi Zero 2W in the waterproof enclosure, execute the command python3 enable_wifi_ap.py (Python-Three-Enable-Wi-Fi-A-P-p-Y) to activate the action camera Wi-Fi [1]. On the Raspberry Pi Zero 2W, run the iwconfig (I-W-Con-Fig) command to verify that Wi-Fi is active and confirm successful communication with the action camera [2].
2.16.1. SCREEN: Show the terminal where the python3 enable_wifi_ap.py command is executed.
2.16.2. SCREEN: Display the terminal output of the iwconfig command showing active Wi-Fi configuration.
2.17. On the server, run the command ping 10.5.5.9 (Ping-Ten-Five-Five-Nine) to test connectivity [1]. Confirm the expected “Destination port unreachable” response [2].
2.17.1. SCREEN: Show the terminal where the ping 10.5.5.9 command is executed.
2.17.2. SCREEN: Display the terminal output showing the Destination port unreachable message.
2.18. After communication is established, execute the command python3 collect_dataset.py T N (python-Three-collect-Dataset-P-Y-T-N) to begin dataset collection [1]. Replace T with the water type ranging from T1 to T5 and replace N with the number of images to collect before executing the command [2].
2.18.1. SCREEN: Show the terminal where the python3 collect_dataset.py T N command is entered.
2.18.2. SCREEN: Display the edited command in the terminal with specific values substituted for T and N.
2.19. Then perform postprocessing and save the collected dataset on the server for further preprocessing [1].
2.19.1. SCREEN: Show the server directory where the collected dataset files are saved and organized.
AND
LAB MEDIA: Table 2
Video Editor: Please play both shots side by side in a split screen

3. Deployment of the Robotic Water Quality Monitoring System 
3.1. To begin deep learning training, place the collected dataset file in the directory named V2 [1]. Create a histogram of images by executing the command python3 histogram_gen.py (Python-three-Histogram-Gen-P-Y) [2].
3.1.1. SCREEN: Display the file manager where the dataset file is moved into the V2 directory.
3.1.2. SCREEN: Show the terminal where the python3 histogram_gen.py command is run and the histogram output is displayed.
3.2. Execute the command python3 ann_training.py (Python-three-Training -P-Y)  to train the model [1]. The trained artificial neural network model will be stored in the file ann_model.keras  (Ann-Model-Keras) [2].
3.2.1. SCREEN: Display the terminal where the python3 ann_training.py command is executed.
3.2.2. SCREEN: Show the directory listing where the generated ann_model.keras file appears.
3.3. Then evaluate the confusion matrix by executing the command python3 confusion_matrix.py using the trained model file [1].
3.3.1. SCREEN: Show the terminal where the python3 confusion_matrix.py command is run and the confusion matrix output is displayed.
3.4. Store the trained file in the classification directory [1].
3.4.1. SCREEN: Display the file manager where ann_model.keras is copied into the classification directory.
3.5. Classify real time water quality by executing the command python3 ann_predict.py [1]. Observe the graphical user interface displaying the captured image and the classified water type [2].
3.5.1. SCREEN: Show the terminal where the python3 ann_predict.py command is executed.
3.5.2. SCREEN: Display the graphical user interface with the captured image and the predicted water type result.



Results

4. Results 

4.1. The proposed artificial neural network model achieved the highest training accuracy, reaching nearly 100 percent compared to simplified convolutional neural network and pre-trained models [1].
4.1.1. LAB MEDIA: Figure 9. Video editor: Highlight the training accuracy plot in the left panel and emphasize the curves labeled as ANN
4.2. The proposed artificial neural network model consistently achieved the lowest training loss among all models [1].
4.2.1. LAB MEDIA: Figure 10. Video editor: Highlight the training loss plot in the left panel and point to the curves labeled as ANN
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