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Disclosures

▪ Editor of the DICOM Standard (NEMA contract)
▪ NCI FNL Leidos Essex sub-contractor (SME DICOM, de-identification)
▪ NCI Imaging Data Commons (IDC) sub-contractor
▪ Consult with various equipment manufacturers regarding DICOM



Overview

▪ History of ACR-NEMA and DICOM
▪ History of DICOMweb
▪ DICOM and Enterprise Imaging
▪ What’s next for DICOM
▪ Why there will not be a DICOM 4 at this time
▪ How DICOM will incrementally improve



Meyer-Ebrecht D. [Electronic Archival System for X-Rays Images - Work proposal for a research project in the
years 1974 and 1975] Elektronisches Archivierungssystem für Röntgenbilder – Arbeitsvorschlag für ein
Forschungsprojekt in den Jahren 1974 und 1975. Hamburg, Germany: Philips Research Labs; 1973 Oct.
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42 years ago – radiology PACS and DICOM ubiquitous 15-20 years later!



DICOM – Brief Early History
• 1982 – 1st PACS Conference – session on standards
• 1982 – AAPM Report 10 – Standard Format for Image Interchange
• 1983 – ad hoc meeting between FDA, ACR & NEMA
• 1983 – 1st meeting of ACR-NEMA “Digital Imaging and Communications Standards” Cmte
• 1985 – ACR-NEMA 300-1985 (“version 1.0”) issued

• 1988 – ACR-NEMA 300-1988 (“version 2.0”) issued
• 1990 – Inter-vendor testing of version 2.0 at Georgetown
• 1992 – Trial of DICOM (“version 3.0) at RSNA

• 1993 – DICOM 3.0 issued



DICOM – Brief Early History
• 1982 – 1st PACS Conference – session on standards
• 1982 – AAPM Report 10 – Standard Format for Image Interchange
• 1983 – ad hoc meeting between FDA, ACR & NEMA
• 1983 – 1st meeting of ACR-NEMA “Digital Imaging and Communications Standards” Cmte
• 1985 – ACR-NEMA 300-1985 (“version 1.0”) issued
• 1985 – IEEE 802.3 Ethernet (based on 1976 Metcalfe)
• 1986 – Aldus TIFF (version 3; prior versions drafts only)
• 1987 – CompuServe GIF
• 1988 – ACR-NEMA 300-1988 (“version 2.0”) issued
• 1990 – Inter-vendor testing of version 2.0 at Georgetown
• 1992 – Trial of DICOM (“version 3.0) at RSNA
• 1992 – JPEG (ITU T.81; ISO 10918-1 1994)
• 1993 – DICOM 3.0 issued



DICOM – Brief History – ACR-NEMA versions 1 and 2

• 50-pin 16 bit parallel interface
• No network (assumed “network interface unit”)
• Layered
• Messages with commands and data
• Tag-value pairs
• Described patients, studies, images
• Described modality, acquisition, 3D position, etc.











DICOM – Brief History – DICOM “3.0” in 1993

• TCP/IP network protocol
• OSI semantics (OSI protocols themselves never used)

• “Object-oriented” description
• IODs and Modules and Attributes

• Conformance
• SOP Classes
• Transfer Syntaxes (esp. byte order, compression, lossy and lossless)

• Composite IODs and Storage SOP Classes
• images with patient, study, series, etc. embedded and repeated

• Normalized IODs and Detached Management SOP Classes
• Patient, Visit, Study, Results, Interpretation (all retired)



DICOM and Radiology Modality
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DICOM and Mini-PACS Cluster
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Enterprise Imaging is not new – DICOM beyond just radiology, cardiology & RT

Cardiology
Bronchoscopy
Gastrointestinal 
Endoscopy
Hematology
Pathology
Surgery
Nuclear Medicine
Dental
Radiology
Dermatology
Ophthalmology
Podiatry
Vascular
Urology
Nursing
Electrocardiography
Scanned Documents

Kuzmak P, Dayhoff R. 10 Years of DICOM at the Department of Veterans Affairs. DICOM Workshop; 2003



Use DICOM to Store, Find & Regurgitate +/- View ANYTHING



DICOM – Enterprise Imaging
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DICOM – Cloud

C-STORE, STOW-RS DICOMweb – QIDO-RS, WADO-RS, STOW-RS
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DICOMweb – Brief History

• 1993 – DICOM 3.0 issued – TCP/IP-based but not HTTP
• 1993 – NCSA MOSAIC web browser released
• 2003 – ISO TC/215 joint project with DICOM on web access (became ISO 17432:2005)
• 2004 – Web Access to DICOM Objects (WADO) (Sup 85) – now called WADO-URI – JPEG or PS3.10
• 2010 – Medical Imaging Network Transport (MINT) – HTTP, JSON metadata separate from pixel data
• 2011 – WADO Web Service (WS) (Sup 148) (related of IHE XDS-I; since retired in favor of REST)
• 2013 – Web Access to DICOM Persistent Objects by RESTful Services (WADO-RS) (Sup 161)
• 2013 – STore Over the Web by REpresentations State Transfer (REST) Services (STOW-RS) (Sup 163)
• 2013 – Query based on ID for DICOM Objects by REST Services (QIDO-RS) (Sup 166)
• 2014 – Service Capabilities for RESTful Services (Sup 170)
• 2014 – Unified Procedure Step by REST Services (Sup 171)
• 2015 – RESTful Rendering (Sup 174)
• 2019 – PS3.18 Web Services Re-Documentation (Sup 183)
• …



What’s next for DICOM?

• More – stuff – new modalities/applications
• Bigger – higher resolution, more dimensions
• Better – more attributes, more values, more compression schemes

• Different – services, protocols, representations ?
• priority is to PRESERVE BACKWARD COMPATIBILITY
• … of hardware & software, tools & archives

• Don’t chase latest “fad”
• exceptions – HTTP, JSON, RESTful, a little XML
• dodged – CORBA, GRID, SOAP, ebXML, etc.

• Try to avoid adding new ways to do exactly the same thing

• Only one version, “current” 3.0 – keeps getting bigger, doesn’t “change”



DICOM Future – Evolution?



DICOM Future – Revolution?





Future Direction of DICOM

• DICOM could continue to be extended indefinitely
• incrementally, as historically
• backward compatibility has long been #1 priority

• DICOM could be completely reconceived (DICOM 4?)
• new information model
• new protocols and API
• new representations

• Does being completely different but solving (mostly) the same problems add value?
• Do solutions for any "new" problems actually require a “new” standard?
• E.g., high speed parallel read/write of bulk (pixel) data in cloud?

• N5/Zarr style fragmentation of bulk data and separation from metadata, +/- UDP
• Even if some do, can the industry afford it?

• huge investment over long period and need legacy support forever anyway 



Future Direction of DICOM – Using Existing Features
• Enhanced multi-frame

• factors out metadata commonality between slices
• describe multiple dimensions explicitly (e.g., volumes)
• legacy enhanced – works around single frame conversion issues
• different “views” of same data and metadata in both forms

• negotiable option to DIMSE services (C-FIND,C-MOVE,C-GET)
• not yet taken advantage of in DICOMweb

• multi-frame functional groups don’t scale as well as had been expected
• Concatenations

• access to manageable chunks of very large objects
• doesn’t address separation of metadata from multiple chunks of large pixel data

• Incremental (preferably optional) enhancements to DICOMweb
• improve performance for specific use cases that are already supported
• while allowing fallback for non-optimized existing clients and servers
• role of UDP and QUIC uncertain yet (beyond HTTP/3)



Herrmann 2018

http://dx.doi.org/10.4103/jpi.jpi_42_18
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