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Smart Predictive Big Data Analytics Solution for Crop Diseases Scouting

What is your idea?

We propose, develop, implement, test and validate dynamical deep learning modeling approaches to predict early crop (Rice, Cassava & beans) disease & pest damage. To explore crop risk using big data methodology, we will exploit multispectral image data from Unmanned Aerial Systems (UAS), field ground truth sampling and environmental sensor data collected using Internet of Things (IoT). The integration of such complex deep learning modeling from multiple data sources offers unparalleled opportunities to study the complete growing cycle to assess early stages of prevalent pest & disease damage, track their progression and quickly identifying the efficacies of alternative treatments.  This idea will be achieving building dynamical artificial intelligent (AI) models on the backend using vegetation indices and IoT data as training features. We strongly believe that combining data from multiple sources (image-based and sophisticated low-cost sensors) and big data predictive modeling will be revolutionize farm management in the near future.

How will you pilot it?

The development of this project will begin with a deep review of theoretical fundamentals of remote sensing, multi-spectral aerial imaging, IoT sensor networks, machine learning algorithms, computer vision techniques and parallel computing concepts focus on high-throughput field phenomics applications. Then, an experimental rig for the acquisition of the field data (using open source hardware/software) will be implemented. Finally, a set of machine learning algorithms will be evaluated to predict early detection of biotic stresses and disease severity (Using deep learning approach) using an acquired field datasets from CIAT experiments. 

Describe the implementation plan, including any new technologies or tools that will be develop: 
Data Acquisition: We are planning to collect extensive ground truth & image data (drone & open source satellites) from the field sites of Fedearroz, FLAR & CIAT experiments. The information extracted from different environmental sensors (light intensity, temperature, air relative humidity and soil moisture) from embedded systems (Arduino, Raspberry Pi, Udoo) and multi-spectral ground calibration targets (Group 8 Technology) will help us to standardize representation of the reflected radiation from a given crop under varying environmental conditions and to evaluate the impact of those on the plant development.  Additionally, the accuracy of trait estimation can be significantly improved with the use of Real Time Kinematic (RTK) GPS. 
Hardware & Software: To set up an experimental rig for the acquisition of the field data, two hardware platforms will be design (image-based and sensors environment-based).  For image acquisition drones (Pixhawk Based) with multispectral imaging sensors are required (Tetracam Macaw, Micasense RedEdge, Airinov Multispec4). This method provides a fast and non-destructive way of scanning crops in diseased and pest infected regions, and has been evidenced by various researchers to classify plant diseases symptoms based on the spectral profile.
In terms of the software, a cloud platform will be developed using NodeJS and C++ programming languages for the backend, which means, for implementing the machine learning and computer vision algorithms (taking advantages of some libraries such as OpenCV, Dlib, TensorFlow etc). For the Front-end, Reactjs will be used, which is a technology release by Facebook to create friendly user interfaces. Since modelling is expensive in terms of the hardware and time consuming, we are planning to use CUDA framework (GPU parallel computing) to improve the performance.
Explain how the work will be performed within the budget (USD$100,000) and time (12 months) allowed?
	Item
	Requested (USD)
	In-kind (USD)

	Server facilities
	
	$20,000

	Consulting services
	$8,000
	

	Work stations
	$12,000
	$12,000

	Drones
	
	$12,000

	Multispectral Cameras
	
	$26,000

	RTK GPS
	
	$15,000

	IoT Devices
	$12,000
	

	Ground Control Points
	$6,000
	

	Ground Calibration Targets
	
	$10,000

	Experimental Fields
	
	$15,000

	Manuals, books and journals
	$2,000
	

	Salaries (researchers, fieldworkers).
	$45,000
	

	Technical training
	$15,000
	

	                      Total
	100,000
	


What essential data will be generated during this pilot? 
Algorithms, Databases, models, Open-source software, architecture pipeline (software & hardware) and publications

If the pilot is successful, what are the next steps?
Output results from this project will be very useful to monitor huge cropping area, quickly identify issues, and provide recommendations for highly localized treatments to determine economic intervention threshold levels. Ground truthing data collected from this project will strengthen models to interpret earth observation data which will enhance decision support across the whole crop area, as well as providing direct support to the farmer or smallholder at farm or field level. The integrated open source software and analytics developed from this project will be more useful to plant breeders & farmers. 
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