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• 3D data can be viewed as a microcosm for representational 
data more broadly

• Direct representation of object, but…

• High metadata load
• Lack of easy software support
• No best practices for linkages
• Data produced by many people in many ways

• Solutions for 3D data can possibly be instructive for 
representational data more broadly

MorphoSource 3D data as a case study



• Similarly, MorphoSource reflects challenges of representational 
data repositories

• Supporting challenging type of data (3D)
• Providing platform for individuals and groups
• Archiving and serving access to data
• Demonstrating value of data represented in archive

• Describing MorphoSource’s journey and design to both seek 
feedback for self-improvement and hopefully say something 
about broader issues at play

MorphoSource MorphoSource as a case study



• MorphoSource 1 (MS1) Development Timeline
• How was the site built?
• What stressors were experienced?

• MorphoSource 2 (MS2) State of the Refactor
• Development
• Tour of features

• Integrating MorphoSource with Other Resources

MorphoSource Outline



MorphoSource MS1 Development



MorphoSource MS1 Development

MorphoSource 1 Development Timeline
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MorphoSource

• February 13, 2013: First Code 
Contribution

• MS1 built on Collective Access
• Open-source software for 

managing and publishing 
museum and archival collections

• jQuery/PHP
• Significantly customized to 

support 3D and media data 
model

• Proof of concept

2013-2014: Initial Development

Collective Access

MS1-specific 
modifications



MorphoSource

• New Features
• Media Cart
• DOIs

• Scaling and Stressors
• “Publication Packet” model
• Media ownership
• More institutional users and use 

cases
• Aging UI

2015-2017: Maintenance and Scaling

Collective Access

MS1-specific 
modifications



MorphoSource

Aging technical stack (and UI) makes 
improvements more difficult

• Tech debt: Code accretion, lack of 
modularity, loose separation of powers

• Unable to update core framework

• jQuery/PHP: modern “web application” 
solutions difficult to impossible

• Server-side Meshlab a nightmare

2015-2017: Maintenance and Scaling

Collective Access

MS1-specific 
modifications



MorphoSource

• Shifting to internal development 
(funding!)

• More code contributions, more regular 
small-scale feature updates

• New features: project dashboard UI 
revamp, file upload interruption 
protection, automated data reporting to 
institutions…

• Acceleration of scaling
• oVert

• 2018: Beginning development of MS2

2017-Now: Internal Dev & Triage



MorphoSource

• MS2 is a Hyrax application
• Open-source Samvera-powered 

repository solution
• Ruby on Rails
• Large, active community 

ecosystem
• Relatively fresh tech stack

MorphoSource 2



MorphoSource

• Why Hyrax?
• Standardize with existing Library repositories
• Background job queueing
• Robust multiple file upload, cloud plug-ins
• Built-in derivative generation
• User and group support
• Storing records (media) in multiple 

collections (projects)
• Modular design with solid design principles
• Universal Viewer (+IIIF) for record preview 

by default
• Google analytics
• More suitable for automated deployment

MorphoSource 2



MorphoSource MorphoSource 2 Development

• Starting with…
• MS1
• Appreciation for future needs
• Vanilla Hyrax (significant customization)

• Minimal working back-end AND front-end

• Rough development procedure 
(cyclical!)

• Identify user needs via user stories
• Implement back-end features
• Make features accessible via front-end

• Logistics
• Agile Sprints
• Jira Issue Tracker



Specimen
Occurrence ID: a2770…

Media
MS ID: M1771

Media
MS ID: M1770

Entity Event

MorphoSource MS2 Data Model



Specimen
Occurrence ID: a2770…

Institution Device

Media
MS ID: M1770

Imaging Event

Media
MS ID: M1771

Processing 
Event

Manages

Manages

Is Imaged By

Generates

Creates

Is Processed By

Creates

Specimens and media organized by “project” containers, 
by institution or collection, by tagging

MorphoSource

Entity Event

MS2 Data Model



MorphoSource MS2 Data Model

Process 
Event

1. Smoothing
2. Simplification
3. Hole Filling

Process 
Event

Process 
Event

Process 
Event

1. Smoothing

2. Simplification 3. Hole Filling

Significant processing
without intermediate media

Significant processing
with intermediate media



MorphoSource MS2 Data Model

Imaging 
Event

Imaging 
Event

Imaging 
Event

Imaging 
Event

Process 
Event

Multimodal images

Merged derivatives



MorphoSource MS2 Media Submission



MorphoSource MS2 Media Submission



MorphoSource MS2 Media Submission



MorphoSource MS2 Media Submission



MorphoSource MS2 Media Submission



MorphoSource MS2 Media Submission



MorphoSource MS2 Media Submission



MorphoSource MS2 Feature Tour

Live Demo



MorphoSource MS2 Teams and Organizations
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Integrating MorphoSource with other 
resources

MorphoSource
3D Data Repository

Part II: Integrating MorphoSource with other resources



MorphoSource Linked (Open) Data & RDF

Linked Data (Berners-Lee, 2006)
• Use URIs (uniform resource 

identifier) as names for things
• Use HTTP URIs (AKA URLs) so 

people can look things up
• HTTP URIs should provide useful 

information when looked up
• Machine readable
• Standardized (RDF)

• Each URI resource should have 
links to other URI resources

• If resource is freely available, 
Linked Open Data

Tim Berners-Lee, 
Inventor of the World Wide Web



MorphoSource Linked (Open) Data & RDF

Linked Open 
Data Cloud 

(www.lod-cloud.net)



MorphoSource MorphoSource Integration

• Does MorphoSource meet those 
goals?

• Absolutely not!

• Part of the reason for this 
workshop, to move forward 
together

• Simple goals belie complexity and 
nuance of implementation



MorphoSource Integration Spectrum

Federation Confederation



MorphoSource Integration Spectrum

Federation Confederation



MorphoSource Integration Spectrum

Federation Characteristics
• Restricted data and use case 

domain
• Centralized authority, fewer 

groups for buy-in
• High ability to dictate uniformity
• Deep but narrow

Confederation Characteristics
• Broad and varied domain
• Decentralized authority, buy-in 

from many groups
• Community-wide solutions
• Need for translation/normalization
• Wide but shallow

Federation Confederation



MorphoSource Integration Spectrum

Integration of 3D data resources
• Connecting existing data to/from 

MorphoSource
• Making MorphoSource 3D archival 

software more available

Integration with wider data world
• Connecting MorphoSource 3D data 

to…
• Specimen repositories
• Taxonomy resources
• Other data archives

Federation Confederation



MorphoSource Integration of 3D data resources

• Metadata-only MorphoSource 
records

• Data linkages

• MorphoSource-compatible 3D 
data archive instances

• Automated deployment strategy
• Turnkey solutions
• Design complexity



MorphoSource Data Linkages

• Use case
• MorphoSource user has data in 

web-accessible storage
• Wants to make these data 

available in MorphoSource…
• … but for many possible reasons, 

does not want to re-store that 
data in MorphoSource

• Solution
• Metadata-only MorphoSource 

records that point to remote 
resource

File Store

MorphoSource.org

URLs



MorphoSource Data Linkages

Requirements for basic version
• HTTP URL for individual media 

(mesh, CT stack, etc.)
• File binary accessible at HTTP URL

• Ideally for routing users to download
• At minimum, for derivative 

generation and fixity checks
• Machine readable metadata
• All of the above persistent and 

reliably accessible

File Store

MorphoSource.org

URLs



MorphoSource Data Linkages

• Ingest
1. URL is specified for ingest
2. MS GETs remote file and metadata
3. Automated file characterization and 
derivative generation

• Fixity Checking
4. On a regular basis, metadata and file 
integrity are verified
5. Automated process for error 
reporting

• Access
6. Users informed of remote nature
7. Routed to remote file as appropriate

File Store

URLs

MorphoSource.org

1. “http://images/1...”

2. GET

3.

4. Hash checks



MorphoSource Data Linkages

• The Future
• Proof of concept for a 

standardized biodiversity 
repository media linkage system?

• Pros and cons
• Pro: sustainability
• Pro: community investment
• Con: fragile
• Con: bespoke, at least to start with

File Store

URLs

MorphoSource.org

1. “http://images/1...”

2. GET

3.

4. Hash checks



MorphoSource MorphoSource Instances

Repository Container

MorphoSource.org

Repository Container

XNHM 3D Data

MCX 3D Data

Use cases

OR

OR

Infrastructural resources > 
Funding resources

Want to use MS data model and 
share data but store own data

Want private/dark 3D data 
repository



MorphoSource MorphoSource Instances

• Advantages of this work outside 
the MorphoSource domain

• Automated deployment and/or 
containerization could be used to 
make biodiversity repository 
technology more portable and 
easy to use

• Enables use across a diversity of 
terrains, from cloud to local 
hardware

MorphoSource.org XNHM 3D Data

MCX 3D Data



MorphoSource Containerization Strategy

Containerization: Encapsulating a software application (or software application components) 
into its own environment, so it can run uniformly and consistently on any infrastructure. 

Procedure
• Start with component application 

modules

• Wrap each module in a single container
• Docker

• Connect containers
• Docker compose

• Orchestrate containers in an 
automated way

• Kubernetes

Hyrax 
Application

Redis Solr

File 
Processing

Postgres DB

Fcrepo



MorphoSource Design Complexity

MorphoSource.org

XNHM 3D Data

Researched-scanned
media of XNHM

specimen

• XNHM has own MorphoSource 
instance

• Indexes instance-local media in 
MorphoSource.org

• Should XNHM be able to edit that 
media from MorphoSource.org?

• Balkanization versus increasingly 
complex dynamics

• How about for researcher-scanned 
media of XNHM?



MorphoSource Integration with Wider Data World

Examples of work previously 
completed

• Automated data reporting
• iDigBio specimen integration
• API

MorphoSource



MorphoSource Integration with Wider Data World

• Possible Future Directions
• Finish MS2 (so we can move on 

to new things!)
• Not just APIs, but standardized 

machine-readable metadata at 
URLs

• Connecting media to specimen 
repositories

• Better importation from 
specimen and taxonomy 
resources

• Priorities largely determined 
by feedback from this 
community!
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