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Introduction



❏ Modern agriculture requires real-time, low-cost plant monitoring for better crop management.
❏ Traditional manual methods are slow, subjective, and not suitable for continuous monitoring.
❏ This project presents an FPGA–HPS based embedded system on the DE1-SoC for plant image 

acquisition and analysis using an OV7670 camera.
❏ FPGA handles low-level real-time tasks like image capture, conversion, buffering, VGA display, and ExG 

computation.

❏ HPS performs high-level processing such as k-means clustering, segmentation, and plant health 
classification.

❏ The system provides real-time VGA output showing original and processed images with health status.
❏ The design demonstrates an efficient hardware–software co-design approach for smart agriculture.



Background



❏ Smart agriculture is increasingly adopting embedded vision systems for automated crop and plant 
monitoring.

❏ Traditional plant-health assessment methods rely on manual visual inspection, which is inconsistent and 
not scalable for large farms.

❏ Recent developments in FPGA-based embedded platforms, low-cost CMOS image sensors, and 
computer vision techniques have enabled real-time agricultural monitoring.

❏ Image-based vegetation analysis methods such as Excess Green (ExG) and clustering techniques help 
in identifying plant regions and health status.

❏ Co-processing architectures combining FPGA (for real-time processing) and processor systems (for 
complex algorithms) are widely used for efficient embedded vision systems.

❏ These advancements motivate the development of low-cost, real-time, and interpretable plant-health 
monitoring systems for precision agriculture.



Literature Review



Previous Work
❏ Plant Disease Detection: Sankaran et al. reviewed computer-vision techniques for automated plant disease and 

stress detection in precision agriculture.
❏ Vegetation Indices: Woebbecke et al. demonstrated the effectiveness of Excess Green (ExG) for separating 

vegetation from soil and background.
❏ FPGA Image Processing: Donald Bailey presented FPGA architectures for real-time embedded 

image-processing systems.
❏ OV7670 Camera Systems: Multiple FPGA-based embedded vision projects have used the OV7670 Camera 

Module for real-time image capture and VGA display applications.
❏ Hardware–Software Co-Design: Cyclone V SoC FPGA platforms have been widely used for heterogeneous 

embedded vision systems combining FPGA acceleration with processor-based computation.
❏ K-Means Segmentation: MacQueen introduced the k-means clustering algorithm, which later became widely 

used for image segmentation and agricultural imaging applications.

This project builds upon these earlier works by integrating FPGA-based image acquisition, hardware ExG computation, 
clustering-based plant segmentation, and VGA visualization into a unified real-time plant-monitoring system.



Block Diagram



Interfacing the Camera - SCCB
- Two wire protocol: SIOC, SIOD
- Three Phase Write:



Interfacing the Camera - SCCB

-Bit Bang Style controller



Interfacing the Camera - SCCB

- Set the output resolution to QVGA (320x240)

- Set the output format to RGB565

- Enable AWB

- Adjust AWB



Interfacing the Camera - Receiving



Preprocessing-FPGA

-Bit Replication to RGB888

-Calculate ExG (8bit):

ExG = 2G-R-B

-Store to Buffer



FSM



Frame Buffers - M10K Memory Blocks



Meta Buffer



Meta Buffer



Text Buffer



Hardware Software Interface





VGA Display



Software



Software Pipeline



Auto Level



Auto Level



Otsu’s Method





Mask





Verification



Functional Verification in System Verilog



❏ This testbench verifies the VGA display pipeline, including memory address generation, multi-buffer data fetching, and final 
pixel rendering on VGA output. 

❏ At the start, the system is held in reset to initialize all counters and internal registers. After reset deassertion, the display 
pipeline begins operation.

❏ We use three memory models: original image, meta buffer, and text buffer. Each of these is accessed using independent 
address generators, which can be observed as continuously changing address signals in the waveform. 

❏ The RGB signals change dynamically, which confirms that pixel data is being correctly fetched from memory and rendered. 
❏ Hence, this test validates the full VGA display architecture including multi-layer rendering and timing correctness 



Verification in C++



HS toggles: 374 : Horizontal scanning active 
Pixel changes: 6419 :  Active pixel data generation verified 
RESULT: FULL SYSTEM VGA TEST PASSED 

The waveform demonstrates correct VGA synchronization and active pixel generation with continuous HSYNC 
toggling and dynamic RGB output driven by simulated camera input. 



Conclusion

- OV7670 works

- Auto Level helps, a good image is created

- Computer Vision is hard
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