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TITLE: 
Real-Time Pond Water Assessment via Embedded Deep Learning and Visual Data Acquisition: A Practical Monitoring Approach for Aquaculture



SUMMARY: 
We describe a protocol for real-time water quality classification using underwater image acquisition, a Raspberry Pi–based controller network, and an Artificial Neural Network (ANN). The method details system setup, data collection, preprocessing, model training, and deployment. This water-quality assessment system is particularly suitable for Koi breeders, helping ensure optimal conditions for healthy fish.

ABSTRACT: 
Maintaining optimal water quality is essential in aquaculture, particularly for ornamental species such as Kois, where color clarity and environmental balance are directly linked to health and aesthetics. This article presents a complete protocol for designing, deploying, and operating a real-time water quality monitoring system based on underwater image classification using embedded deep learning. The proposed system integrates a low-cost underwater camera with a Raspberry Pi–based controller network in an autonomous water surface robot, enabling the capture, transmission, and classification of aquatic images through a lightweight neural network model. Five water condition categories—ranging from clear to turbid—are visually distinguished, with classification accuracy exceeding 99% on a custom dataset. The system is configured to run autonomously, offering continuous assessment and visual alerts for deteriorating conditions.  This visual protocol covers device assembly, system calibration, model deployment, and real-time monitoring demonstrations. The method supports sustainable aquaculture practices by enabling non-invasive, continuous evaluation of aquatic environments using affordable, scalable technologies. The approach can be adapted to other aquaculture or environmental monitoring contexts with minimal modification.  


PROTOCOL: 

1. Equipment Setup
1.1 Set up the Raspberry Pi–based controller network (the robot and the action camera) according to Figure 2. The example is shown in Figure 3.
1.2 Set up a server running the Ubuntu v24.04 LTS operating system.
[Place Table 1 here]
[Place Table 2 here]

2. Action Camera Setup
2.1 Set up the default IP address (10.5.5.9) and network mask (255.0.0.0).
2.2 Configure Wi-Fi SSID and pre-shared key (PSK) to set up the action camera as a Wi-Fi access point by doing following steps:
     2.2.1  To find Wi-Fi SSID(name) and PSK (password): Swipe down on the action screen, then navigate to Preferences → Wireless Connections→CAMERA INFO. 
    2.2.2  Change Band: In the Wireless Connections menu, select Wi-Fi Band and choose 2.4 GHz for connecting to a Raspberry Pi Zero 2W.
2.3 Verify connectivity via the action camera’s Wi-Fi interface by using a camera application to connect to the action camera. An example of such an application is the GoPro Quik app.


3. Wireless Router Setup 
3.1 Add routes 192.168.2.0/24 and 10.0.0.0/8. The forwarding router address for both routes is 192.168.1.99.
3.2 Configure port forwarding if internet-based access to the action camera is required. Refer to the router’s manual for configuration details. The port forwarding should be set to 8080, which is the web server port used by the action camera.


4. Raspberry Pi Zero 2W (2) in Waterproof Enclosure 
4.1 Install the Raspberry Pi v6.12 OS.
4.2 Configure Wi-Fi SSID and PSK to connect with the action camera using the “nmtui” command.
4.3 Configure IP address and netmask of Wi-Fi interface shown in TABLE 1 using the “nmtui” command.
4.4 Configure IP address and netmask of ethernet interface shown in TABLE 1 using the “nmtui” command.
4.5 Configure Network Address Translation (NAT) and set a default route using 192.168.1.2 as the forwarding router to enable communication across networks. 


5. Raspberry Pi Zero 2W (1) in Robot Unit 
5.1 Install the Raspberry Pi v6.12 OS.
5.2 Configure Wi-Fi SSID and PSK to connect with the home or office router using the “nmtui” command.
5.3 Add route 10.0.0.0/8 via 192.168.2.2. The forwarding router address is 192.168.2.2.
5.4 Set a default route using 192.168.1.1 as the forwarding router to enable communication across networks

6. Server Setup 
 6.1 Configure Wi-Fi SSID and PSK to connect with the home or office router using the GUI    network setting.
       6.2 Assign an IP address to the server through DHCP or manual configuration.
6.3 Add routes to 192.168.2.0/24 and 10.0.0.0/8 for connectivity with Raspberry Pi units and the action camera, respectively. The forward router address for both routes is 192.168.1.99.

7. Communication Testing 
7.1 On the Raspberry Pi Zero 2W (2) in Waterproof Enclosure, execute python3 enable_wifi_ap.py to activate the action camera Wi-Fi.
7.2 On the Raspberry Pi Zero 2W, run the iwconfig command to verify that Wi-Fi is active and confirm successful communication with the action camera.
7.3 On the server, run “ping 10.5.5.9” command and confirm the expected “Destination port unreachable” response.


8. Dataset Collection shown in Figure 7
8.1 After communication is established, execute “python3 collect_dataset.py T N”. (tested with OpenCV v4.12.0)
8.2 Replace T with the water type (T1–T5) and N with the number of images to collect.
8.3 Postprocessing and Save the collected dataset on the server for further preprocessing (Table 2)




9. Deep Learning Training 
9.1 Place the collected dataset file in the directory “V2”.
9.2 Create histogram of images by running python3 histogram_gen.py (tested with OpenCV v4.12.0 and CSV v1.0)
9.3 Train the model by executing python3 ann_training.py. The ANN trained model will be stored in ann_model.keras. (tested with tensorflow v2.19.0, sklearn v 1.6.1, OpenCV v4.12.0 and CSV v1.0)
9.4 Evaluate the confusion matrix by running python3 confusion_matrix.py using the trained model ann_model.keras from Section 10.3. Ensure that the ann_model.keras file is placed in the current directory. (tested with tensorflow v2.19.0, sklearn v 1.6.1, OpenCV v4.12.0 and CSV v1.0)

10. Real-time Deep Learning Classification
10.1 Store the trained ann_model.keras file in the classification directory. 
10.2 Classify real-time water quality by running the command “python3 ann_predict.py”. This output will display the GUI containing the captured image and the classified water type. The example is shown in Figure 12(right). (tested with tensorflow v2.19.0, sklearn v 1.6.1, OpenCV v4.12.0 and CSV v1.0)
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