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Beyond: Smart IoT Solution for Plant Diagnosis.
We propose to develop a mobile application that uses the integrated camera in a phone or tablet to recognize visual symptoms of pests, diseases, and nutrient deficiencies in images of rice and cassava crops, providing in-situ and real-time diagnosis to users with low literacy rates, as well as alerts which are georeferenced and time-stamped to control agencies easing outbreak detection and monitoring.

We believe that our approach is creative because it places expert knowledge closer to the farmer much faster and at a lower cost than traditional visits on premises. Additionally, it can scale much better because it uses non-specialized and commonly available hardware such as mobile phones and tablets with a built-in visible-spectrum camera and GPS. We aim to develop a stand-alone application that is not constrained by cloud computing availability but which can be enhanced by it if an Internet connection is available, because the resulting diagnosis can be uploaded for permanent storage, higher-level analytics, and better georeferenced and temporal visualization reports. 

The fundamental hypotheses for this proposal are:
1) important pests, diseases, and nutrient deficiencies produce visual symptoms in the plant, and
2) the farmer has access to a basic mobile device with an integrated camera and a GPS.

[bookmark: _GoBack]In a previous project†, we developed a stand-alone solution to identify three nutrient deficiencies in the oil palm using images captured from a mobile device. We are confident that we can extend this work to analyze a larger number of pests, diseases, and deficiencies in rice and cassava crops. By fusing existing data repositories with new collected data on the field we expect to train a classifier that can interpret visual clues and add intelligence to the crop monitoring for farmers and CGIAR endeavors. We are sure that this project can be integrated with the ongoing CIAT´s Phenomics Platform†† led by Dr. Michael Gómez Selvaraj, who will collaborate with us providing up to 10% of his time in kind. 
†M. A. Culman, J. A. Gómez, J. Talavera, L. A. Quiroz, L. E. Tobón, J. M. Aranda, L. E. Garreta, and C. J. Bayona.  A Novel Application for Identification of Nutrient Deficiencies in Oil Palm Using the Internet of Things. The 5th IEEE International Conference on Mobile Cloud Computing, Services, and Engineering (MobileCloud 2017). San Francisco, United States, 7-9 April, 2017.
††http://ciat.cgiar.org/what-we-do/breeding-better-crops/phenomics-platform/  
How will you pilot it?
The implementation plan for our project includes the following tasks:
Developing protocols and formats for data acquisition.
Acquiring labeled data (images and the corresponding disease or nutrient deficiency).
Developing a draft for the different user interfaces of the mobile and web applications.
Collecting and incorporating farmer feedback. 
Combining all the collected data (defining data formats, nomenclature).
Preparing training data (cleaning, augmenting, shuffling).
Selecting and training a suitable classifier (most likely a convolutional neural network).
Performing an off-line validation (precision, recall, accuracy, f1 score, AUC score). 
Exporting the classifier to a mobile application.
Including GPS and time stamps to each measurement in the mobile application. 
Developing the user interface of the mobile application.
Developing the cloud services (data ingestion, storage, visualization, analytics).
Developing the user manual.
Performing live validations on the field. 
Reporting results in a written report and submitting a scientific paper to a local conference.  

At the end of this pilot we will deliver a high-quality open-source dataset of diseases and nutrient deficiencies of plants, as well as a trained classifier, a web application, and a mobile application working as a device on the Internet of Things, which uses cloud computing to achieve worldwide scalability.

The budget and the schedule for the project are presented in Tables 1 and 2, respectively.
Table 1. Budget for the project.
	Item
	Subtotal (USD)

	Salaries (researchers, developers, students).
	$78,900

	Server for deep learning training.
	$7,000

	Mobiles devices (cellphones, tablets).
	$2,500

	Laptops.       
	$2,200

	Software. 
	$300

	Internet data plan.  
	$800

	Cloud service allowance (Azure/AWS/Google Cloud).
	$1,000

	Local travel to collect images and to perform tests  (flights, road trips, lodging).
	$6,000

	Conference attendance.
	$1,000

	Bibliography.
	$200

	Stationery.
	$100

	Total (USD)
	$100,000


Table 2. Schedule.
	Project planning 
(1 month)
	Data acquisition and preparation 
(3 months)
	Classifier training and offline validation 
(2 months)
	Mobile development
(2 months)
	Cloud development
(2 months)
	Field tests
(1 month)
	Documentation 
(1 month)


The essential data generated by this pilot include a high-quality open-source dataset of pest, diseases, and nutrient deficiencies of rice and cassava.

If the pilot is successful, the next step is to develop a module to include treatment suggestions for the farmer within the application, a module to buy required fertilizers or pesticides from local providers, a module to allow the farmer to ask for further help, and a module to monitor the crop evolution to the suggested treatment. In terms of data collection, the next step is to store in the cloud not only the georeferenced diagnosis but also the plant image to enable further data mining and research. At a decision level, the system could be integrated with phytosanitary control agencies (to monitor crops across time and space), as well as to other national organizations that promote agricultural development among farmers which can provide loans and ensure their crops. 
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