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IMAGING STANDARDS:
DICOM AND DICOM-RT



• Digital Imaging and Communications in Medicine
(DICOM) is the standard for the communication and
management of medical imaging nformation and
related data.

• http://dicom.nema.org/standard.html

DICOM standard



With the introduction of computed tomography (CT) followed by other digital 
diagnostic imaging modalities in the 1970's, and the increasing use of 
computers in clinical applications, the American College of Radiology (ACR) 
and the National Electrical Manufacturers Association (NEMA) recognized 
the emerging need for standardization.

The American College of Radiology (ACR) and the National Electrical 
Manufacturers Association (NEMA) formed a joint committee in 1983 to 
develop a standard to:
• Promote communication of digital image information, regardless of 

device manufacturer
• Facilitate the development and expansion of picture archiving and 

communication systems (PACS) that can also interface with other systems 
of hospital information

• Allow the creation of diagnostic information databases that can be 
interrogated by a wide variety of devices distributed geographically.

DICOM history



The DICOM Standard facilitates interoperability of medical imaging equipment by specifying:

• For network communications, a set of protocols to be followed by devices claiming 
conformance to the Standard

• The syntax and semantics of Commands and associated information that can be exchanged 
using these protocols

• For media communication, a set of media storage services to be followed by devices claiming 
conformance to the Standard, as well as a File Format and a medical directory structure.

• Information that must be supplied with an implementation for which conformance to the 
Standard is claimed (DICOM Conformance Statement)

The DICOM Standard does not specify:

• The implementation details of any features of the Standard on a device claiming conformance

• The overall set of features and functions to be expected from a system implemented by 
integrating a group of devices each claiming DICOM conformance

• A testing/validation procedure to assess an implementation's conformance to the Standard

DICOM inter-operability



• The DICOM 
Standard is 
structured as a 
multi-part 
document 

DICOM standard



DICOM: communication model



• The DICOM Standard specifies a number of Information 
Object Classes that provide an abstract definition of 
real-world entities applicable to communication of 
digital medical images and related information

• Each Information Object Class definition consists of a 
description of its purpose and the Attributes that 
define it. 

• Normalized Information Object Classes include only 
those Attributes inherent in the real-world entity 
represented. 

• Composite Information Object Classes may additionally 
include Attributes that are related to but not inherent in 
the real-world entity.

DICOM information object



• Normalized Information Object Classes include only those Attributes
inherent in the real-world entity represented.

– Example: Study Information Object Class, which is defined as normalized,
contains study date and study time Attributes because they are inherent in an
actual study. Patient name, however, is not an Attribute of the study Information
Object Class because it is inherent in the patient on which the study was
performed and not the study itself.

• Composite Information Object Classes may additionally include Attributes
that are related to but not inherent in the real-world entity.

– Example: the Computed Tomography Image Information Object Class, which is
defined as composite, contains both Attributes that are inherent in the image
(e.g., image date) and Attributes that are related to but not inherent in the image
(e.g., patient name).

Normalized vs. composite objects



• Computed Radiography Image 
• Computed Tomography Image 
• Magnetic Resonance Image 
• Nuclear Medicine Image 
• Ultrasound Image 
• Ultrasound Multi-Frame Image 
• Secondary Capture Image 
• X-Ray Angiographic Image 
• X-Ray RF Image 
• Positron Emission Tomography Image 
• Hardcopy Grayscale Image 
• Hardcopy Color Image 
• Digital X-Ray Image 
• Digital Mammography X-Ray Image 
• Digital Intra-Oral X-Ray Image 

Information object definition (1)



• RT Image 
• RT Dose 
• RT Structure Set 
• RT Plan 
• RT Beams Treatment Record 
• RT Brachytherapy Treatment Record 
• RT Treatment Summary Record 
• Waveform 

– Basic Voice Audio 
– 12-Lead Electrocardiogram 
– General Electrocardiogram 
– Ambulatory Electrocardiogram 
– Hemodynamic 
– Basic Cardiac Electrophysiology 

• Structured Report Document 
– Basic Text SR 
– Enhanced SR
– Comprehensive SR

Information object definition (2)

DICOM-RT extension



Information objects: classes vs. instances



• The DICOM Standard defines a number of Service Classes.
• A Service Class associates one or more Information Objects with 

one or more Commands to be performed upon these objects.
• Service Class Specifications state requirements for Command 

Elements and how resulting Commands are applied to Information 
Objects.

• Service Class Specifications state requirements for both providers
and users of communications services.

• Examples of Service Classes include the following:
• Storage Service Class
• Query/Retrieve Service Class
• Basic Worklist Management Service Class
• Print Management Service Class.

DICOM service classes



DICOM: providers and users

Client / server communication approach:

SCP = Service Class Provider
SCU = Service Class User



SOP

Data Dictionary

Information Object DIMSE Service Element

SOP classes are the basic units of DICOM standard:

• service associated to a given information object (DIMSE)

•

Service Object Pair



Composite / normalized DIMSE
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DIMSE example: storage



• DICOM data are divided in multiple elements. For each element one has to define:

• The group/element Tag

• Value Representation (VR): e.g. string, INT16, FLOAT

• Value length: number of bytes

Data Set

Data Element

Tag
Value 

Length
Value Field

optional field - dependent on 
negotiated Transfer Syntax

VR

Data Elem. Data Elem.Data Elem. Data Elem.

order of transmission

DICOM data structure (1)



Data Element Tag
• An ordered pair of 16-bit unsigned integers representing the Group Number 

followed by Element Number.

Value Representation
• A two-byte character string containing the VR of the Data Element. The VR for a 

given Data Element Tag shall be as defined by the Data Dictionary. 

Value Length
• A 16 or 32-bit (dependent on VR and whether VR is explicit or implicit) unsigned 

integer containing the Explicit Length of the Value Field as the number of bytes 
(even) that make up the Value. It does not include the length of the Data Element 
Tag, Value Representation, and Value Length Fields.

• A 32-bit Length Field set to Undefined Length (FFFFFFFFH). Undefined Lengths may 
be used for Data Elements having the Value Representation (VR) Sequence of Items 
(SQ) and Unknown (UN).

DICOM data structure (2)



Data element tag
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Image content:

• Rows (0028,0010)

• Columns (0028,0011)

• Bits Stored (0028,0101)

• Rescale Intercept (0028,1052)

• Rescale Slope (0028,1053)

Geometrical data:

• Slice Thickness (0018,0050)

• Slice Location (0020,1041)

• ImagePositionPatient (0020,0032)

• PixelSpacing (0028,0030)
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Image tags



Image data = raw image values * slope + intercept

Example: save CT images in Hounsfiled Units (HU)

(0028,1052) IMG Rescale Intercept -1024 
(0028,1053) IMG Rescale Slope 1  

Example (image content)



Slice thickness Slice location

Thickness [mm] of a single slice Slice position [mm] along the cranio-
caudal direction with respect to a
reference slice

Slice thickness and location



Image Position Patient = [X Y Z]

[X, Y] = coordinates [mm] of the upper left
corner with respect to axes origin

Es: X,Y = - 250.39 mm

Z = Slice Location

Pixel Spacing = [delta_X delta_Y]

Physical size of a single pixel in the slice [mm] in
X and Y direction

Es: [0.98 0.98] mm

IPP and pixel spacing



DICOM image reference 
system

Physical space

coord(:,1) = x*info.PixelSpacing(1)

coord(:,2) = y*info.PixelSpacing(2)

coord(:,3) = info.SliceLocation

x = x - info.ImagePositionPatient(1)

y = y - info.ImagePositionPatient(2)
Translating the origin of the 
reference system

Coordinates transform

[pixel] -> [mm]

DICOM: from image to physical space



Example



DICOM-RT extension

At the end of 1999 an ad-hoc working group, later to become Working Group 7, 
defined the following Radiotherapy DICOM objects:
• RT Image

Radiotherapy image acquired for simulation and patient setup, including portal 
images and simulation from CT data (e.g. DRRs – Digitally Reconstructed 
Radiographs)

• RT Dose
Dose generated by the Treatment Planning System (TPS): 3D dose data, isodose
curves, DVHs, dose points

• RT Structure Set
Segmented structures, markers and isocenter position

• RT Plan
Geometric and dosimetric data specifying an RT treatment course, depending on 
the radiation type (e.g. beam angles, collimator openings, etc)

• RT Treatment Record
Data obtained from actual RT treatments



RT Treatment record

• RT Treatment Record
Data obtained from actual RT treatments

Further distinction into 3 categories:
• RT Beams Treatment Record
• RT Brachy Treatment Record
• RT Treatment Summary Record

Further extensions for ion beam therapy were first introduced in 2006.

Total of 7 DICOM-RT objects



DICOM-RT extension

Visit

Image

Patient
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Study

RT Treatment 
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DICOM-RT object modules



Portal imagesPlan and reference image

Patient

Study

Series

Study

Series

Study

Series

Study

Series

Study

Series

RT-TREATM.

RECORD
RT-IMAGE RT-IMAGE RT-IMAGERT-IMAGERT-PLAN

Series

DICOM-RT workflow



Radiographics. 2009 May-
Jun;29(3):655-67

DICOM-RT object generation



UID mapping
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Example: treatment planning CT



Example: RT Structure Set



Example: RT Plan



DICOM-RT objects overlay



Definition of treatment geometry

Need to define the following:
• Patient geometry
• Beam geometry

Practical considerations:
• Need to account for multiple reference systems
• Structures visible in the image (i.e. in the DICOM reference system) 

link spatial information altogether



Based on the norm EN 61217 (IEC 1217):
• Right-handed axis systems

RCS („ f “)

CoCS („ e “)
PCS („ p “)

ChCS („ e “)

DICOM („ d “)

head 

fixation
chair

Reference systems (1)

Room Coordinate 
System (RCS)

fixed

PatientCouch

Chair



Reference systems (2)

Gantry Coordinate System:

• Stationary w.r.t. Gantry

• Zg axis passes through radiation source S

• Derived from Fixed Coordinate System (RCS) by 
rotation about Y axis

At gantry angle 0, the beam comes from Zf (RCS)



Reference systems (3)

Collimator MLC positions

Positions sent in order:
X1,1,X1,2,…X1,N,
X2,1,X2,2,…X2,N

Y1,1,Y1,2,…Y1,N,
Y2,1,Y2,2,…Y2,N



RT Plan:  RT Beams

Beam
Beam Name
Radiation Type
Beam Limiting Device (MLC, Collim.)
Wedge
Compensator
Bolus
Block
Applicator
# of Control Points

Control Point
Beam Energy
Gantry Angle, Rotation Direction
Collimator Settings
MLC

Control Point



Control point sequence

Flexible structure to handle:
• Static Beams, including static MLC
• Arcs
• Dynamic MLC
• Uses “Cumulative MetersetWeight” concept  portion of the beam 

delivered in segments

Control Point 0;
• Cumulative MetersetWeight = 0
• Defines all initial parameters
• Gantry, table, collimator/MLC settings, etc.
Subsequent Control Points
• Cumulative MetersetWeight > 0 (<=1)
• Specify all parameters which change



Examples: static and arc beams

Static beam

Control Point 0:
• Cumulative MetersetWeight = 0
• Define Gantry, Table, Collimator, MLC, etc…
Control Point 1:
• Cumulative MetersetWeight = 1
• (No other parameters defined)

Arc Beam

Control Point 0:
• Cumulative MetersetWeight = 0
• Gantry Angle = θinit

• Gantry Rotation Direction = CW/CCW
• All other Parameters (collimator, table, …)
Control Point 1:
• Cumulative MetersetWeight = 1
• Gantry Angle = θend

• Gantry Rotation Direction = NONE



Example: dynamic MLC

Dynamic MLC, N Segments

Control Point 0:
• Cumulative MetersetWeight = 0
• Initial MLC Leaf Sequence S0

• All other parameters
Control Point 1:
• Cumulative MetersetWeight = 1/N
• MLC Leaf Sequence S1

Control Point r:
• Cumulative MetersetWeight = r/N
• MLC Leaf Sequence Sr

…
Control Point N:
• Cumulative MetersetWeight = 1
• MLC Leaf Sequence SN


