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Abstract 

 

In 2004, ASTM published the DICONDE (Digital Imaging and Communication in NDE) 

standard practice for the storage and communication of digital non-destructive evaluation 

(NDE) results.  The current DICONDE practice (ASTM E2339-08) addresses only issues 

that apply to all NDE modalities.  We will discuss our methodology for developing new 

Information Object Definitions for those NDT imaging modalities that have needs that are 

not currently addressed by the ASTM 2339-08 standard. We describe our definitions for 

ultrasound, digital radiography, computed tomography and eddy current based on metadata 

in the ACR-NEMA DICOM standard with adaptations for industrial applications.  After 

giving a brief overview of DICOM, we address several information entities required by 

ASTM industrial standards that have no comparable attributes in medical imaging.  Several 

examples of attributes that present difficulties in using basic DICOM data structures will be 

identified (e.g., the spatial positioning of an object in the field of view or the number of 

rads generated by a linear accelerator source).  Solutions to these problems will be 

proposed.  Lastly, we will discuss the use of DICONDE conformance statements, which are 

DICONDE and its interoperability with other systems that claim DICONDE compliance.  

 

1. Introduction 

Critical national and commercial infrastructure requires data management solutions for 

long-term usage.  In the United States, nuclear power plants are typically licensed for forty 

years, but can obtain an operating extension for an additional twenty years 
(1)

. Military and 

commercial aircraft lifespan is established based on takeoff and landing cycles and can last 

over twenty years; many military aircraft are more than thirty years old.  The average age of 

the B-52 bomber and the KC-135 tanker that both the U.S. Air Force and U.S. Navy rely on 

to refuel other planes average over forty-five years old 
(2)

.  Submarines are designed for 

thirty years of use but may be retired earlier to avoid substantial retrofitting after fifteen or 

twenty years
 (3)

.  Bridges are expected to last between fifty to seventy-five years, and some, 

such as the San Francisco-Oakland Bay Bridge East Span, are designed to last over one 

hundred years 
(4-5)

.  Over such long time periods, inspection equipment is replaced and 

vendors may go out of business while the need to access the data acquired with the 
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equipment remains. There is a need to promote interoperability among inspection 

equipment as inspection equipment is modernized and inspection data are transferred to the 

newer systems.  

imaging devices supported proprietary communication and data exchange mechanisms 

found in the inspection equipment industry today
(6)

.  The DICOM (Digital Imaging and 

Communication in Medicine) Committee started in 1983 as a joint effort between 

manufacturers and users of radiological imaging equipment to produce the ACR-NEMA 

300-1985 publication.  This publication was revised and called the DICOM standard 

-destructive evaluation 

exploited the similarities between medical and industrial non-destructive evaluation (NDE) 

inspection systems.  ASTM International, formerly the American Standards for Testing and 

Materials (ASTM), developed the Digital Imaging and Communications in Non-destructive 

Evaluation (DICONDE) standard based on the DICOM standard.  Adoption of the ASTM 

DICONDE should reduce the risk of acquiring and storing vital inspection data on critical 

infrastructure in proprietary formats that may not be supported in the future. 

 

As DICONDE has evolved, there has been an obvious need to include more NDE 

inspection metadata into the standard.  The additional metadata identified is often specific 

to only one NDE modality requiring new Information Object Definitions (IODs).  The 

object definitions (IODs) are specified in Part 3 Sections A.1.1 through A.1.3 of the 

standard and consist of multiple Information Modules 
(7)

.  Information Modules in turn 

specify individual data Attributes, their respective Attribute data type (e.g., character string, 

integer), and whether the Attributes are considered mandatory, optional or conditional.  The 

approach of the ASTM E07.11 subcommittee that is responsible for the development and 

maintenance of the DICONDE standard has been to reuse DICOM IODs, Information 

Modules and Attributes where possible.  For example, the Patient module has been 

redefined to be the Component module.  Information Modules that are similar across 

multiple imaging modalities are reused so that they are only defined once in the standard.  

Therefore, Information Modules may be used in more than one IOD, and Attributes may 

appear in more than one Information Module.  Wherever possible, references to the 

DICOM standard are used to minimize repetitious information and the need to modify the 

ASTM standard every time a change takes place in the DICOM standard..  The proposed 

medical equivalent exists.  Examples of IODs are computed tomography, digital 

radiography, eddy current and ultrasound.  Examples of Information Modules are 

Component, Component Study and NDE Equipment.  Examples of Attributes are 

Component Name, Component ID and System Serial Number.  Figure 1 illustrates the 

hierarchy of Information Object Definitions with multiple information modules consisting 

of multiple attributes. 
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Figure 1.  DICONDE IOD hierarchy  

2. DICONDE and DICOM differences  
Many of the Information Modules and Attributes defined within the DICOM standard can 

be adapted to DICONDE usage either directly or by close analogy.  For example, the Image 

Pixel Information Module or the Device Serial Number Attribute are the same for medical 

or industrial usage and used directly by DICONDE. Although there is no concept of a 

patient in industrial inspection application, the component being inspected is analogous to 

the patient in medical imaging applications.  In DICONDE the Patient Information Module 

is transformed into the Component Information Module and the Patient ID Attribute is 

reused as Component ID. Some DICOM Information Modules or Attributes, however, have 

no correlation to nondestructive evaluation.  In those cases, they are typically ignored by 

DICONDE.  Some concepts, such as geometrical information and x-ray energy levels, are 

used in the NDE arena but cannot be represented by existing DICOM constructs.  In these 

cases, DICONDE introduces new Information Modules or Attributes as needed describe the 

required metadata.  The DICONDE standard has recently introduced a new NDE Geometry 

Module to contain data about the part and scanner coordinate systems required by some 

inspection techniques.  In similar fashion, a new NDE Indication module was adopted to 

facilitate the storage of indications identified by operators in the image data.  Another major 

difference between the two standards is the increased use of code sequences within the 

medical industry.  In NDE, wider ranges of objects are inspected and sets of predefined 

codes typically are not used.  Both raw and calibration data are typically not stored for 

medical applications where they are required for industrial imaging.  High-energy sources 

are not well represented in DICOM as NDE exposures cannot be expressed solely in Rads.  

To address these differences in a systematic fashion when defining new IODs, a 

methodology has been proposed to standardize the introduction of new standard practices 

that implement NDE inspection modality specific data storage requirements. 
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3. A Methodology for Expanding the DICONDE Standard  
Incorporating the data recommended for storage with inspection results such as that found 

in ASTM E1475 (Data Fields for Computerized Transfer of Digital Radiological 

Examination Data) or ASTM E1454 (Data Fields for Computerized Transfer of Digital 

Ultrasonic Examination Data) is a complex task given the DICONDE goals of reusing data 

structures whenever possible.  First, the DICOM standard must be examined to determine if 

an analogous Attribute or Information Module already exists.  Next the DICONDE standard 

must be examined to determine if an Attribute or Information Module is relevant to all 

NDE modalities or only to one specific modality.  Finally, a low level description of the 

data that is compatible with DICONDE must be developed. 

 

The process diagrams in Figure 2 illustrate the steps necessary to create new information 

object definitions. 

 

Using this process, two new Information Modules, the indication and geometry information 

modules, were added to ASTM 2339.
(8)  

The former allows the specification of indications 

found by a reviewer of the image.  The indication types may be a void, crack, porosity or 

inclusions.  Disposition of the indication include acceptance, rejection or hold for further 

inspection.  The latter allows the specification of a component and specific geometric 

information that defines a coordinate system that can describer scanner, part or other 

coordinate systems.  The NDE Geometry module also specifies any transformation matrices 

needed to define scaling, translation or rotational operations. 

 

This process also generated a new ASTM standard, ASTM E2663 for ultrasound, and three 

new draft standards to contain information that is specific to a specific inspection modality.  

The new draft standards are for eddy current, X-Ray computed tomography, and digital 

radiography. 
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Figure 2. Process Map of DICONDE IOD Creation 

4. Adding a New Information Object for Ultrasonic Inspections 
The fundamental image types in ultrasonic inspections are A-Scans, and aggregated images 

like B-Scans and C-Scans.
(10)

  The usual representation of an A-Scan is a curve showing the 

amplitude of the received ultrasonic signal along the time of flight. Storing this 

representation is inefficient as it contains a lot of unused space. It is much more efficient to 

store the A-Scans as arrays of a certain number of samples of a specific resolution, e.g. 512 

samples and 8-bit amplitude resolution. Obviously, subsequent data retrieval requires that 

the storage system is capable of creating the preferred representation from the stored data.  

In a similar way the other image types can be stored, but due to their nature it is necessary 

to use two-dimensional arrays. Those arrays are much more similar to images and in many 

cases the images can be directly viewed without further treatment.  Considering these types 

of ultrasound data, the DICOM US (Ultrasound) and US-MF (Ultrasound Multi-Frame), 
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Column 1 of Table 1 lists the Information Modules that are found in the DICOM US 

information object.  This was used as a starting point for the definition of the DICONDE 

US information object.  Following the process of Figure 2, Information Modules that 

already had a industrial equivalent defined in ASTM 2339 were identified; Patient, General 

Study, General Series, and General Equipment.  Several Information Modules (Clinical 

Trial Subject, Patient Study, Clinical Trial Study, Clinical Trial Series, and US Calibration 

Region) were found not to be applicable to industrial imaging and will be disregarded in the 

DICONDE IOD. Other modules (General Image, Image Pixel, etc.) apply to industrial 

images as is, and are incorporated by reference instead of explicitly to minimize changes to 

ASTM documents to stay in synchronization with DICOM.  One module (US Image) 

needed modification for industrial use and was expanded to NDE US Image.  Finally 

several new modules (NDE US Equipment, NDE US Equipment Settings, NDE Indication 

and NDE Geometry) were defined.  The NDE Indication and NDE Geometry Information 

Modules apply to all NDE modalities so they were added to E2339 as described earlier.  

The remaining modules were specific to ultrasonic testing so were included in the draft 

ultrasonic standard.  For each of the enhanced or new Information Modules, Attributes were 

defined for each piece of metadata included in the modules.  Where possible existing 

DICOM attributes were reused.  Where no logically equivalent DICOM attribute existed, 

new attributes were d

capability. 

 

This process produced a standard practice document for ultrasonic testing data that was 

approved by ASTM in December of 2008.  This first version of Digital Imaging and 

Communication in Nondestructive Evaluation (DICONDE) for Ultrasonic Test Methods 

(ASTM E2663-08) addresses a wide variety of test scenarios; it does not address all current 

or future applications.  Specialized images require additional definitions like:  

 size of data type represented  

 geometrical information such as angles or position. 

While the DICONDE US Equipment modules are providing essential support, solutions to 

new applications will require further enhancements of E2663. 

 
Table 1. DICONDE US Information Object Definition 

Relevant DICOM Module DICONDE Module Reference Usage 

Patient Component E-2339, Section 7 M 

Clinical Trial Subject Not Applicable   

General Study Component Study E-2339, Section 7 M 

Patient Study Not Applicable   

Clinical Trial Study Not Applicable   

General Series Component Series E-2339, Section 7 M 

Clinical Trial Series Not Applicable   

General Equipment NDE Equipment E-2339, Section 7 M 

US Image NDE US Image E-2663 Section 7 M 

US Region Calibration Not Applicable   

 NDE US Equipment E-2663 Section 7 U 

NDE US Equipment Settings E-2663 Section 7 U 

NDE Indication E-2339, Section 7 U 

NDE Geometry E-2339, Section 7 U 
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5. Adding a New Information Object for Tomographic Inspections 
Which DICOM modality should be used for Industrial CT?  Both the Computed 

Tomography (CT) IOD and the Enhanced CT Image defined in Section A.38.1.3 of the 

DICOM standard specify an image that has been created by a CT imaging device, but the 

latter permits multiple image frames to store a volumetric CT dataset.  Several modules can 

be ignored because they are optional and have no relevant counterpart in industrial CT (e.g., 

specimen identification, synchronization).  Other modules are conditional but have no 

relevance in industrial CT and may be ignored (e.g., cardiac and respiratory 

synchronization).  The CT IOD has been used for several years in industrial applications 

based on the definitions in E2339.  However when considering CT inspection specific 

metadata requirements, the CT IOD requires several additional Information Modules.  The 

recently added Enhanced CT Image IOD has several modules that overlap with the needs of 

industrial CT.  In particular, the Enhanced CT IOD contains attributes that can be used to 

store data elements specified by ASTM E1570 
(9)

.  Ultimately, the subcommittee decide to 

include both the CT and Enhanced CT IODs in the ASTM draft standard.  According to the 

proposed methodology, this IOD is complete and applicable for all NDE and can be used to 

create an equivalent DICONDE information module.   

 

Since calibration data is not explicitly defined in DICOM, this methodology calls for the 

creation of a new module for calibration data. Other attributes specified by ASTM E1570 

may be included in the Enhanced CT Image functional group macros used in the Multi-

frame Functional Group module specified in Section A.38.1.4 of DICOM Part 3.  

 
Table 2. DICONDE Industrial CT Information Object Definition 

DICOM Module DICONDE module Reference Usage 

Patient Component E-2339, Section 7 M 

Clinical Trial Subject Not Applicable   

General Study Component Study E-2339, Section 7 M 

Patient Study Not Applicable   

Clinical Trial Study Not Applicable   

General Series Component Series E-2339, Section 7 M 

Clinical Trial Series Not Applicable   

General Equipment NDE Equipment E-2339, Section 7 M 

Enhanced Contrast/Bolus Not Applicable   

Enhanced CT Image NDE CT Image WK17435, Section 7.1 M 

X-Ray collimator  DICOM Part 3, Section 

C.8.19.6.12 

U 

X-Ray Filtration  DICOM Part 3, Section 

C.8.7.10 

 

X-Ray Grid  DICOM Part 3, Section 

C.8.7.11 

 

 NDE CT Detector WK17435, Section 7.2 U 

NDE Indication E-2339, Section / U 

NDE Geometry E-2339, Section 7 U 

NDE CT Calibration Data WK17435, Section 7.3 U 

 

6 .Adding a New Information Object for Radiographic Inspections 
In the case of direct digital radiography, DICOM provides existing information object 

definitions that could serve as the basis for standardization.  A decision was made to 

customize both the DICOM DX and XA/XR Angiography modules defined in Section 

A26.1 and A38.1 respectively of the DICOM standard using the proposed methodology. 
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Table 3. DICONDE XR Information Object Definition 

DICOM Module DICONDE module Reference Usage 

Patient Component E-2339, Section 7 M 

Specimen Identification Not Applicable   

Clinical Trial Subject Not Applicable   

General Study Component Study E-2339, Section 7 M 

Patient Study Not Applicable   

Clinical Trial Study Not Applicable   

General Series Component Series E-2339, Section 7 M 

Clinical Trial Series Not Applicable   

Synchronization Not Applicable   

General Equipment NDE Equipment  M 

Enhanced Contrast/Bolus Not Applicable   

DX Detector NDE DX Detector Wk17436, Section 7.1 M 

 NDE Indication E-2339, Section 7 U 

NDE Geometry E-2339, Section7 U 

NDE DX Calibration Data WK17436, Section 7.2 U 

 

7. Adding a New Information Object for Eddy Current Inspections 
The Eddy Current data format may be in a simple strip chart form with 1 or more channels 

ranging up to C-scan displays with multiple data planes. A single eddy current system is 

usually made up of two channels of data produced at one frequency. Several frequencies 

may then be acquired simultaneously and the resulting data planes may be manipulated 

mathematically to enhance the inspection. 

Eddy current has no direct equivalent in Medical. The decision was therefore taken to base 

the Eddy Current IOD on the Ultrasonic IOD as there are a lot of similarities in the way the 

data is formatted. 

 
Table 4. EC Image Information Object Definition 

DICOM Module DICONDE Module Reference Usage 

 Component E-2339, Section 7 M 

 Component Study E-2339, Section 7 M 

 Component Series Section 7.1 M 

Frame of Reference  DICOM Part 3 

Section C.7.4.1 

U 

Synchronization  DICOM Part 3 

Section C.7.4.2 

U 

 NDE Equipment E-2339, Section 7 M 

General Image  DICOM Part 3 

Section C.7.6.1 

M 

Image Pixel  DICOM Part 3 

Section C.7.6.3 

M 

Palette Color Lookup Table  DICOM Part 3 

Section C.7.9 

C
1
 

Device  DICOM Part 3 

Section C.7.6.12 

U 

 NDE EC Image Section 7.2 M 

Overlay Plane  DICOM Part 3 

Section C.7.9.2 

U 

VOI LUT  DICOM Part 3 

Section C.7.11.2 

U 

                                                 
1
 Required if Photometric Interpretation (0028,0004) has a value of PALETTE COLOR 
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SOP Common  DICOM Part 3 

Section C.7.12.1 

M 

 NDE EC Equipment Section 7.3 U 

 NDE EC Equipment Settings Section 7.4 U 

 NDE Indication E-2339, Section 7 U 

 NDE Geometry E-2339, Section 7 U 

 

It is believed with that the model used is sufficiently flexible to cover most eddy current 

needs. 

So far DICONDE standards have used existing DICOM Service Object Pair Classes (SOP). 

However with no existing SOP class for eddy current there is a potential problem. Currently 

it is proposed to use the Ultrasonic SOP class and then the Modality Attribute to 

differentiate the data. The positive side to this approach is that no new SOP Class is 

required ensuring the data will be compatible with a generic DICOM system supporting the 

Ultrasonic SOP Class. However there is potential for confusion between the two data types 

and all Type 1 ultrasonic attributes will need to be included in the EC IOD. 

 

8. The Use of Conformance Statements 

DICOM/DICONDE compliance.  A typical conformance statement identifies the storage 

classes that can be transmitted and indicates any vendor extensions, specializations or 

privatizations to modules (e.g., the use of any private tags).  It also specifies configurations, 

documents supported modules and tags and permits detailed comparisons between vendor 

products.   Future ASTM activities may support the development of DICONDE 

interoperability CDs or test suites as companions to the conformance statements. 
 

9. Conclusions 
As both DICOM and DICONDE evolve, there are several challenges facing their 

proponents.  First, DICOM is increasing its use of code sequences, which are typically 

based on the SNOMED or LOINC data dictionaries, and are managed by a DICOM 

Working Group. A new effort of the ASTM E07.11 subcommittee will be to update the 

current ASTM standard to reflect new storage media that are being used to store digital 

radiographic and tomographic data.  While DICOM Part 10 specifies data archival 

mechanisms, the ASTM standard responsible for describing the appropriate storage 

requirements for archival media must be updated since ASTM 1453 
(11)

 specifies 
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