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1 Introduction

1.1 Purpose of the Requirements Definition Document
[Provide the purpose of the Functional Requirements Definition Document. This document should be tailored to fit a particular project’s needs.]

The Requirements Definition defines the functional, non-functional, and technical requirements. The Requirements Definition document is created during the Requirements Analysis Phase of the project. Its intended audience is the project manager, project team, project sponsor, client/user, and any stakeholder whose input/approval into the requirements definitions process is needed.

2 Business Requirements Overview

[Describe here the business requirements that the project work will fulfill and how and/or where the completed project product will fit into any existing systems. Business requirements can often be described as ‘features.’ Assign a unique ID number to each requirement.]
There are three major sections to the proposed work.  They are:
1) Assess the implementation and execution of the MICCAI 2014 Brain Tumor Digital Pathology Challenge and the Challenge on Multimodal Brain Tumor Image Segmentation (MICCAI-BRATS). The goal is to evaluate current methodologies, perform a gap analysis to identify missing features, and to evaluate currently available tools
2) Implement a system to support challenges.  The goal is to create and deploy a Challenge management system in a hosted environment.  User documentation and training materials will be provided
3) Demonstrate the ability to host/execute pilot challenges using the challenge management system by populating the management system archive, opening the system to new submissions and finally conducting a pilot challenge.
This “Pilot Challenges” project is part of the Clinical and Translational Imaging Informatics Project (CTIIP). CTIIP’s goal is to establish an informatics infrastructure that demonstrates the benefit and feasibility of data interoperability across several domains.  Over the last few years “Grand Challenges” have become popular in several imaging-based research communities.  A “Grand Challenge” is designed to validate and compare imaging analysis algorithms. The algorithms are applied to a single dataset and the results for each algorithm are compared against a previously-determined ground-truth dataset.
The proposed work fits into the above-described environment by developing and executing infrastructure that can be used to run Challenges on a smaller scale with data sets of reduced size and will demonstrate the infrastructure as capable of running Grand Challenges.  
2.1 Assumptions / Constraints

[Describe any overall assumptions / constraints related to project requirements]
There are several constraints and assumptions on the developed system.  The first is that it should employ as much of the NCI and CBIIT tools and repositories as possible.  It must also comply with the CBIIT Technology Stack, Data Models, Security Standards, Deployment Standards, as well as the Department of Health and Human Services policies and standards. 
2.2 System Scope

[Describe the features, users, and interfaced systems. Include a context diagram if appropriate. Assign a unique ID number to each requirement.]
The MedICI project will construct a hosted system that can be used to conduct algorithmic challenges involving medical images.  This system will be based on the findings of an assessment of the implementation and execution of the MICCAI 2014 Brain Tumor Digital Pathology Challenge and the Challenge on Multimodal Brain Tumor Image Segmentation (MICCAI-BRATS), two recent Challenges that involved medical images from multiple modalities. The MedICI system will identify and address any gaps in the feature requirements of those Challenges and demonstrate the capabilities of the system by conducting pilot Challenges.
Algorithmic Challenges, though having some differences resulting from specifics of data type and how the results will be used, have common elements.  The infrastructure must allow for the:

1) importing of a test dataset into a common workspace,

2) definition of a “ground truth” based on expert review of the data

3) uploading of the algorithm codes into a common framework

4) running of the algorithms on the test dataset

5) generation and display of metrics that compare the algorithm’s results to that of the ground truth.

6) visual display of the algorithm’s results versus that of the expert-defined ground truth results

The MedICI system will utilize the CodaLab framework, a newly developed, open-source challenge platform developed by Microsoft Research and others in the medical imaging and machine learning communities.  Because CodaLab does not have built-in imaging handling, display or annotation capabilities, we will build on two application packages, ePad and caMicroscope, to provide those features.  
To meet the above general requirements, MedICI will construct the following modules:
1) A challenge management toolkit.  This module will provide user management and access and facilitate the creation of roles such as administrators, organizers and participants. CodaLab will be used to fulfill many of these required functions.

2) A raw data management system. Raw Data is defined as the un-annotated images that are provided by organizers to challenge participants. This system will allow the manipulation and display of medical images, and the importation of the test data set to be used, once annotated, as the ground-truth dataset, capabilities that CodaLab currently does not possess.
3) A processing and results management system. This system will allow for the creation of the annotated ground-truth data set, the running of the participant algorithms against the test data set, the display of resulting metrics and the visualization of results.
3 Functional Requirements

 [Functional requirements capture and specify intended behavior of the system being developed. They define things such as system calculations, data manipulation and processing, user interface and interaction with the application, and other specific functionality that show how user requirements are satisfied. Assign a unique ID number to each requirement. 

The functional requirements are grouped according to the project’s needs, and maybe influenced by the requirements tools and techniques used. ]
3.1 challenge management system
This module will provide user management and access and facilitate the creation of roles such as administrators, organizers and participants. 
Administrators have complete access to all parts of the system. Challenge organizers can set the rules of the challenge, make the data and ground truth available at the appropriate times, provide the metrics used for the evaluation and approve participants. Participants can register in the system and upload algorithms. Upon registration, the information about the user is stored in a database. This challenge management module provides for role-based access to the various parts of the system.
3.2 Raw data management system
Raw data is defined as the un-annotated images that are provided by organizers to challenge participants. This data will be accessible to participants from MedICI. The Raw Data Management System for MedICI will be comprised of three components: (1) data management of radiology images and their metadata (provided by enhancements to the ePAD platform), (2) data management of pathology images and their metadata (provided by enhancements to the caMicroscope platform), and (3) raw data management of other data pertinent to challenges (provided by enhancements to the platform selected to host challenges (e.g., CodaLab).
3.3 Processing and results management system

Using ePAD, which is a Web-based image viewer and AIM-compliant image annotator developed to support quantitative imaging research, particularly in the context of clinical trials, we will develop three major enhancements to the ePAD image viewer to enable MedICI to meet the requirements of managing radiological images: (1) provide interfaces to permit MedICI to access DICOM images and image metadata, (2) develop a plugin mechanism to permit executing the variety of quantitative methods that are evaluated in challenges, and (3) develop tools for tracking the progress of image evaluation in challenges. We will also enhance ePAD to provide viewing and annotation for establishing the ground truth.  We will also extend the ePAD web services to enable exporting the image annotations (in AIM format) to MedICI, for use in tools running in the MedICI platform to summarize the results of quantitative algorithms run in challenges. The ePAD web services will include flexible queries to the image metadata, so that MedICI can obtain and summarize the results from running algorithms that are part of challenges.  In addition, we will develop a plug-in mechanism to our ePAD platform that allows novel quantitative imaging algorithms in MedICI to be executed during image viewing (if required as part of the challenges). We will develop an application module programming interface to give those who develop application modules control over the user interface components in ePAD viewer (e.g., tab panel, dialog box, table, data entry form, and image canvas). These modules will have full access to images and image metadata (in the DICOM image cache and AIM annotation database, so that they can collect and/or interpret data in the ePAD viewer or acquire it interactively from users. Data management for pathology images will be provided by caMicroscope. caMicroscope is a web- based management system that leverages open standards to provide visualization and annotation of whole-slide images, irrespective of image encoding and/or annotation standards. The caMicroscope team will be will develop a draft information model for pathology annotations and markup, support for executing relevant pathology analytical services from within caMicroscope, and an integrated query system that helps create mashups of radiology, pathology and clinical datasets. We will expand the caMicroscope platform by including modules that track the progress of challenges, such as tabulating the submissions of different participants, and their progress in creating image annotations for establishing the gold standard. Furthermore, caMicroscope will be accessible to participants, via the MedICI platform, to compare their submission against ground truth data or training datasets.
4 Non-Functional Requirements

[Describe the existing non-functional (also referred to as Quality of Service by the International Institute of Business Analysts, Business Analysis Body of Knowledge), technical environment, systems, functions, and processes. Include an overview of the non-functional requirements necessary to achieve the project’s objectives.]
4.1 Design Constraints

[Describe hardware/software requirements that will limit the design or COTS options. These may include laws, regulations, hardware limitations, interfaces, development environment, operational environment, criticality, safety, and/or security. Assign a unique ID number to each requirement.]
We will be using the CodaLab environment to conduct the challenge.  Therefore, all software must work within this environment.  We initially will use REST interface calls between CodaLab, ePad, and caMicroscope to exchange and display data and information, but will evaluate the performance of this configuration.  In the case of incompatibilities or poor performance due to network speed or other factors, we will consider installing each of the three applications on Azure which should mitigate these issues.  We will investigate the use of Docker containers for ePad and caMicroscope for use in the Azure environment.  Docker containers are essentially light virtual machines which allow software to run on any platform and contain all of the necessary libraries and configuration files.
4.2 Hardware Requirements

[Describe hardware requirements and any related processes. Include a detailed description of specific hardware requirements and associate them to specific project functionality/deliverables. Include information such as type of hardware, brand name, specifications, size, security, etc. Assign a unique ID number to each requirement.]
There are no specific hardware requirements for this project as the project will be run completely in a hosted environment (CodaLab on Azure).
4.3 Software Requirements

[Describe software requirements and any related processes. Include a detailed description of specific software requirements and associate them to specific project functionality/deliverables. Include information such as in-house development or purchasing, security, coding language, version numbering, functionality, data, interface requirements, brand name, specifications, etc. Assign a unique ID number to each requirement.]
This project involves the completion of the project’s goals by the further development and harmonization of the capabilities of three extant software packages: CodaLab, ePad, and caMicroscope. The required features will all be developed in-house by the respective teams (CodaLab = MGH, ePad = Stanford, and caMicroscope = Emory).  

Since these are all web-based systems, security scans will be run by the NIH team on the resulting system, but most of the security will be provided by the CodaLab environment.  Any additional coding done on this project will rely on standard web coding practices.  

The work on CodaLab by the MGH team is done in Python, ePad is coded in Java, and caMicroscope is developed in Javascript (the code with which MeDICI will interact) as well as Python, PHP, C++ and Java.  However, since communication between these applications is achieved using the standard REST interface, the differences in development language is not expected to be an issue.
4.4 Performance Requirements

[Describe performance requirements and any related processes. Include a detailed description of specific performance requirements and associate them to specific project functionality/deliverables. Include information such as system capacity, cycle time, speed per transaction, test requirements, minimum bug counts, speed, reliability, utilization etc. Assign a unique ID number to each requirement.]
There are several performance requirements:
1) System must have the capacity to store all of the raw and annotated data necessary for the challenges.

2) System must display requested images in a reasonable amount of time, even when images are accessed through a remote server or separate application.

3) System must have sufficient RAM to efficiently run algorithms on the test data.

4) System must have sufficient cycles-per-second (cps) processing speed to efficiently run algorithms on the test data.

4.5 Reliability Requirements

[Describe all of the technical requirements that affect availability such as hours of operation, level of availability required, down-time impact, support availability, accuracy, etc. Assign a unique ID number to each requirement.]
The reliability requirements are as follows:

1) Users must be able to interact with the system at any time. There are no restrictions on the hours of operation, though the availability is dependent upon the response to downtime issues by the Azure team. We will inform registered users of any scheduled Azure downtime.
2) Users will be able to request assistance and will be responded to by the MedICI team within 1 business day.
3) Scheduled system downtime for CodaLab, ePad and caMicroscope will be transmitted to the registered users by email.  Unscheduled downtime will also be communicated to the registered users by the same modality.
4.6 Supportability Requirements

[Describe all of the technical requirements that affect supportability and maintainability such as coding standards, naming CONVENTIONS; maintenance access, required utilities, etc. Assign a unique ID number to each requirement.]
Since this project consists of developing specific capabilities within 3 existing applications that are communicating through a standard REST interface, issues such as harmonization of coding standards are not applicable.  Information will be exchanged between application developers in order to insure that the correct information is being passed through the interfaces.  

1) Maintenance of each application will be the responsibility of each development team.  We will have bi-weekly calls to ensure that the separate application development is coordinated between teams.
2) Each application team will be responsible for maintaining the required utilities and libraries necessary for their application.
4.7 User Documentation Requirements

[Describe the requirements, for any special or on-line user documentation or help systems, etc. Assign a unique ID number to each requirement.]
User documentation will be generated by the MedICI team.

1) Each application development team will be responsible for their application’s documentation (both generation and maintenance). Application documentation will be provided to the sponsor.
2) The entire team will contribute to the overall MedICI project documentation, which will explain how the system is constructed, the interaction of the applications that makeup the project and instructions on how to use the system.

3) Instructions on how to use the system will be available to the users through the various Challenge webpages.  
4.8 Interface Requirements

 [Describe all of the user interface (such as user navigation, presentation of application and associated functionality, screen location of interface elements, data display and manipulation, etc), system interface, and technical (hardware and software) requirements that affect interfaces such as look-and-feel, protocol management, scheduling, directory services, broadcasts, message types, error and buffer management, security, etc. Assign a unique ID number to each requirement.]
There are several interface requirements for this project.

1) User must be able to browse the data
2) User must be able to view the data

3) User must be able to upload an algorithm

4) User must be able to view the calculated metrics of the comparison between their results and the ground truth

5) Users must be able to see the ranking of their algorithm in comparison to that of other participants

6) User must be able to view the segmentation results for their algorithm along with those of the ground truth expert segmentation.

7) Organizer must be able to upload Challenge test data

8) Organizer must be able to upload ground truth segmentations

9) Organizer must be able to manage user codes (move and run)
4.9 Security and Privacy Requirements
[Summarize and make reference to Privacy Impact Assessment produced during Planning phase and its impact on security requirements. Provide justifications for why a specific privacy item is needed. Provide Security Categorization if available.

Describe all of the technical requirements that affect security such as security audits, cryptography, user data, system identification/authentication, resource utilization, facility access times, etc. Assign a unique ID number to each requirement. ]
All data used in this project will be de-identified and will, as such, not contain any protected PHI. The data will be acquired from The Cancer Imaging Archive (TCIA) a publically accessible database. User authentication and management will be provided by the security in place in the CodaLab/Azure environment. There are no other special security or privacy requirements.
4.10 Compliance and Standards Requirements

[Describe the existing compliance environment as it affects project requirements, and the standards the system development must follow.  Include an overview of the compliance or standards requirements necessary to achieve the project’s objectives. List all that are applicable to the project. Assign a unique ID number to each requirement.]
4.10.1 Section 508 Compliance
 [This section applies to the systems that are required to be Section 508 compliant.  Describe if and how the Section 508 of the Rehabilitation Act affects the system; cite the technical standards it must meet. Assign a unique ID number to each requirement.]
Because this software will be run in a hosted environment and not at the NIH, we assert that 508 compliance is not applicable to this project.
5 Business Process Model

[Include the Business Process Model as an appendix.]

See Appendix D - <Project Name> Business Process Model.

6 Logical Data Model

[Include the Logical Data Model as an appendix.]
See Appendix E - <Project Name> Logical Data Model.

7 Requirements Traceability Matrix

[Include the Traceability Matrix as an appendix.  In the Requirements Analysis phase, the matrix is populated with requirements identified in the Requirements Definition.  It is a living document that should be populated with information throughout design, construction, and test phases, etc.]
See Appendix F - <Project Name> Requirements Traceability Matrix.
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APPENDIX C: Business Process Model

The Business Process Model is attached as a separate document.
APPENDIX D: Logical Data Model


The Logical Data Model is attached as a separate document.
APPENDIX E: Requirements Traceability Matrix


The Requirements Traceability Matrix is attached as a separate document.
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�These requirements should be more specific. In other word, the baseline for benchmarking specification.
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