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IMAGING STANDARDS:
DICOM AND DICOM-RT



DICOM standard

Digital Imaging and Communications in Medicine

* 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 history

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 inter-operability

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

e 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

» Atesting/validation procedure to assess an implementation's conformance to the Standard
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DICOM standard
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DICOM: communication model

Medical Images

and related information

DICOM Application Entity

Service Class Specifications

Dataset Structure and Encoding - Data Dictionary

|
Information Objects Definitions
|

| Message Exchange ] [ File Format ]
BOUNDARY: DICOM Upper Layer Service BOUNDARY: DICOM Basic File Service

I [______S;c_un!L_a;eF """ )

[ DICOM Upper Layer I : (Optional) }

R I ________ N Physical Media and File Formats

: Security Layer i

i (Optional) 4 <FILE>

————————— [———————— <FIELD=

[ TCP/IP Transport Layer I <IFIELDA

=fFILE=

[ Metwork Exchange I [ Media Storage Interchange J

On-Line Communication Off-Line Communication




DICOM information object

 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

e 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.




Normalized vs. composite objects

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).




Information object definition (1)

 Computed Radiography Image
 Computed Tomography Image

* Magnetic Resonance Image

* Nuclear Medicine Image

e Ultrasound Image

e Ultrasound Multi-Frame Image

e Secondary Capture Image

e 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
e Digital Intra-Oral X-Ray Image




Information object definition (2)

* RTImage

* RT Dose

* RT Structure Set

* RT Plan — DICOM-RT extension

* RT Beams Treatment Record
e RT Brachytherapy Treatment Record
* RT Treatment Summary Record

* Waveform

— Basic Voice Audio

— 12-Lead Electrocardiogram

— General Electrocardiogram

— Ambulatory Electrocardiogram

— Hemodynamic

— Basic Cardiac Electrophysiology
e Structured Report Document

— Basic Text SR

— Enhanced SR

— Comprehensive SR




Information objects: classes vs. instances

Patient in
real world Modules |Es
’ \ I0Ds
> [ Name John Smith \
= ID 123456
=5 Patient
R DOB 19681108 datient
o : )y Information
R Weight 75.5 Object
o © "
o Sex M Definition
s
8 | — ' ....... l )
a
10D IOD instance
Instance of (attribute list) (attribute values)
—

Patient |IOD




DICOM service classes

e 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
e Basic Worklist Management Service Class
* Print Management Service Class.




DICOM: providers and users

Client / server communication approach:

SCP = Service Class Provider
SCU = Service Class User

Client Machine

Query/Retrieve SCU

Query Request
(Find matching patients)

j -

Query Response
(List of patients)

e

Retrieve Request

(Patient 1D, Destination AET)

| -

Server Machine

Storage SCP

Listens at a TCP/IP
port for incoming
DICOM messages

Retrieve Response
(Image files)

Server Machine

Query/Retrieve SCP

Listens at a TCP/IP
port for incoming
DICOM messages




Service Object Pair

Data Dictionary

®
Information Object DIMSE Service Element

== SOP

SOP classes are the basic units of DICOM standard:

* service associated to a given information object (DIMSE)




Composite / normalized DIMSE

TABLE 50.2 Composite DICOM message service elements (DIMSE-C)

DIMSE-C service Operation

C-ECHO Verification of communication between two peer application entities (AEs)

C-STORE Transmission of information objects from one AE to another

C-FIND Querying information about the information objects

C-GET Retrieval of stored information objects from another AE using the C-STORE operation

C-MOVE Instructing another AE to transfer stored information objects to a third-party AE using the C-STORE operation

TABLE 50.3 Normalized DICOM message service elements (DIMSE-N)

DIMSE-N service Operation

N-EVENT-REPORT Reporting an event to a peer AE

N-GET Retrieval of attribute values from another AE

N-SET Requesting another AE to modify attribute values

N-ACTION Requesting another AE to perform an action on its managed DIMSE service
N-CREATE Requesting another AE to create a new managed DIMSE service

N-DELETE Requesting another AE to delete a managed DIMSE service




DICOM Application Entity

Services (1)

I I
I I
I I
| -
| Service Classes I \

|
: - Study Mgt - Storage : Part 4
! Fadi - Patient Image Mgt - Print | a
: ASSOC-Iat-IOI'I - Results Mgt - Query/Retrieve :
' | Negotiation |
i |

|
l Information Objects !
: Normalized Composite : .
|  Patient _CT image | Part 3 Q ©
[ - Study - MR image | < g
| - Visit - CR image ! a O
| I > E

fﬂ)}/
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| 1 | £ O
! I \ a >
| S
| | . 5
| DICOM Message Service Element | Part 7 S S
| (DIMSE) | ° 2
I (DIMSE-C and DIMSE-N Operations and Notifications) : &) <
l I 4 ! gl
| |
| I

|
i | Upper Layer !
| Association |
| |
I I
I I

\ Part 8

and
Upper Layer Presentation Data Service Part 9

(see figure 6.1-1)

(1) This figure expands upon figure 6.1-1 by showing that the Association



DIMSE example: storage

Acquisition computer
(storage SCU)

Request for
establishing association

Request for
C-STORE service

Request for
dropping association

DIMSE SERVICE

Association request

Archive server
(storage SCP)

‘..-'-"‘

» Association granted
L —

Receive images from

Dropping
association request

> acquisition computer and
store images in local disks

» Drop association




DICOM data structure (1)

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

DataSet o o fuansmission —

Data Elem. Data Elem. %’L\ - - - Data Elem.

Data Element

Value i
Tag % Length Value Field

— optional field - dependent on
negotiated Transfer Syntax




DICOM data structure (2)

Data Element Tag

* An ordered pair of 16-bit unsigned integers representing the Group Number
followed by Element Number.

Value Representation

* Atwo-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

e 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
(5Q) and Unknown (UN).




Data element tag

PATIENT IDENTIFICATION MODULE ATTRIBUTES

Attribute Name Tag Attribute Description

Patient's Name (0010,0010) | Patient's full name

Patient ID (0010,0020) | Primary hospital identification number or code
for the patient

Issuer of Patient ID | (0010,0021) | Name of healthcare provider which issued the
Patient ID

Other Patient IDs (0010,1000) | Other identification numbers or codes used to
identify the patient

Other Patient (0010,1001) | Other names used to identify the patient

Names

Patient's Birth (0010,1005) | Patient's birth name

Name

Patient's Mother's (0010,1060) | Birth name of patient's mother

Birth Name

Medical Record (0010,1090) | An identifier used to find the patient's existing

Locator medical record (e.g. film jacket)




DICOM image

Filemodoate: '08-Jul-2003 17
Filesize: 527734
Format: 'DICOM'
Formatversion: 3

width: 512
Height: 512
EitDepth: 16

ColorType: ‘grayscale’

Patientsname: [1x1 struct]
PatientIb: 'S9991333%°
PatientsBirthbate: '1%9340804°
Patientssex: 'F'
Patientsage: '068Y’
contrastBolusagent: 'NONE'
BodyPartExamined: 'ABDOMEN'
canoptions: 'axTal MODE'
sliceThickness: 3
EVP: 140 -l
patacollectionbiameter: 500 i
DeviceserialMumber: "01123050°
oftwareversions: Q504" I .,
Reconstructionniameter: 500 | £
GantryDetectorTilt: O 2

TabhleHeight: 228
RDtat"anD"lr'ectgon: T FOV (mm)
ExposureTime: 1000

s e 128 [-250.39,-250.39)(mm)

250.39 mm

-l

|

[tmagerssitionpatisnt: [3x1 double] |

ImagecrientationPatient: [&xT doubTle]
FramecfreferenceuIn: '1.2.840.113619.2

Positionrefs

Mage_Omments: @0 '
Private_0021_l1l0xx_Creator: 'GEMS_RELASEL'
Private_0021_1070: [42x1 double]

Private_0021_1071: [44x1 double] Slice Iocation
samplesperpixel: 1
PhotometricInterpretation: 'MONOCHROMEZ'

JRows: 512 Image (7FE0,0010)

Pixelspacing: [2x1 doub'le]l
EftsATTocated: 16
BitssStored: 16
HighEit: 15

pixelr tation: 1
ana 1 e L [0.98, 0.98](mm)

LargestImagePixelvalue: 8151
PixelPaddingvalue: -8152
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Image tags

Image content:

« Rows (0028,0010) Columns= 512
« Columns (0028,0011)

+ Bits Stored (0028,0101) | ARG

 Rescale Intercept (0028,1052) ~

 Rescale Slope (0028,1053) ?

Geometrical data: é

« Slice Thickness (0018,0050)

» Slice Location (0020,1041)

» ImagePositionPatient (0020,0032)

* PixelSpacing (0028,0030)




Example (image content)

Image data = raw image values * slope + intercept

Cutput Linear LUT
levels

4 1
250 -

v
. /
150 4"/’
- A
50 //
v

=====

Example: save CT images in Hounsfiled Units (HU)

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




Slice thickness and location

Slice thickness Slice location

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




IPP and pixel spacing

Image Position Patient=[X Y Z]

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

£
£
&
o
(T}
o~

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




DICOM: from image to physical space

DICOM image reference l

system Physical space

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

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

coord(:,3) = info.SliceLocation [pixel] -> [mm]

X = X - info.ImagePositionPatient(1)

Translating the origin of the
Y=VY- info.ImagePositionPatient(Z) reference system




Example

Instancelumber: 14
Alicelocation: -78 , ,
aliceThickness: 3 > —
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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:
* RTImage
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
* RTPlan
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 Total of 7 DICOM-RT objects
* RT Treatment Summary Record

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




DICOM-RT extension

RT Dose RT Structure Set RT Plan RT Treatment

o ey

RT Image

| |




DICOM-RT object modules

A

Modules for each RT Object

( "'lgrflaum‘\ fmaum] [RTGummlJ
reatment
Image lmane Sat Pla
J ..«‘ ..«‘ ; J
‘[ ) ) RT (" RT pPatient |  RT Patient "“""“f]
Image Pixel Image Plang | | ROI Contour (P inti J 5 J F&mry
" S A A " S ¥ Record
M M ™ RT 7\ (RT Treatmeni} (RT Treatment)
w [Imuuu Pixel [m“"' m“' (Tulu'anc& Machine Machine
o Y, J J Tables J | Record [ | Recod j
- ™ = ~, > Weasured ™  Weasured ™
i [mm [w [RT;M wome | [ B
" "y W, Y, 4 s Record / \_ Record /
- ~ ~ ~TCaicuiaied ™, ¢ Calculated ™
Multifra Overay RT Fraction Dose Dose
(1] e F'Il'lﬂ sm Reference Reference
J y J \_Record _/
Y wm atiframe RT Beams RT Brachy
\_ J J Record Record
i E Madality h RT Brachy
RT Image Application Summary l Summary l
Modality )
A
VOI LUT [ RT DVH
L A A
ra T
oo | (S0
- Y .J




DICOM-RT workflow

Series Series Series Series

Series Series

RT-TREATM.

RT-PLAN [ RT-IMAGE RECORD

RT-IMAGE § RT-IMAGE j§ RT-IMAGE

N 7 e _—
Y‘ V

Plan and reference image Portal images




Treatment Planning

Treatment Delivery ———» =

DICOM-RT object generation

[1] Acquisition DICOM
o

[2] Field planning
at Treatment

Planning System

[3) Generation of
DRR as reference

image

[4] Transfer of

[8] Generation of
treatment record

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

IIIIIIIIIIII

NNNNNN




UID mapping

PATIENT PATIENT
Study
| Ser Ser
7]
ST| | DS
T

S

PLAN STRUCT DOSE %
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Example: treatment planning CT

H{ Tag | Attribute Name ' Value
(002,001 %) | {Implementation VersionName S H IOFFIS _DCMTK_352

0008, 0008 ) Image Type § IORIGINALWPRIMARY'\AXIAL
J(0008,0016) | SOPClassUID UL (12840 10008.5.1.4.1.1.2
l0008,0018) SO Instance U 1D JU1 H1.2.840.113619.2.22 287 35138 243 1.2, 1920031 117.200530
0008, 0020) [ S tudyDate DA 20031117

H0008,0032) || Acquisition Time 100450.674

(0008 0064 | Modality ; |

0008, 00700 | Manofacturer L0 IGE MEDICAL SYSTEMS
0008, 0080 [ InstimtionN ame 1L IEDINBURGH CANCER CENTRE
O018,0022) | ScanOptions 5  IHELICAL MODE

O018,0050) | Slice Thickness D

l((018,5100) | PatientPosition §  HFS

00190010 | |Proprictary Tag L0 IGEMS_ACQU 01

0020,0032) limagePositionPatient 1§ [-250.00-250.025.0

20,0037 | ImageOrientation Patient 1 | 1LOADLOVDONDLEN MO0
NO020,1041 ) | S liceLocation I 125.0

110027,0010) | Proprictary Tag LO  JGEMS_IMAG 01

l10028,0030, [PixelSpacing DS 007656250 9765625
J(0028,0100) | BitsAllocated us fhe

lO028, 0101 ) [ BitsStared us fhe

W02, 10500 | WindowCenter 2 0.0

0028, 1051) | [WindowWidth I 1350.0

l(0028,1052) [Rescalelntercept I 0.0

li0028,1053) [RescaleSlope 5 1.0

TEEDO010% Pixel Data WO BRIP4 P 2 R4

-
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Example: RT Structure Set

Tag Attribute Mame Yalue
(D008.0018) OPInstanceUID U1 [11.2.840.113619.2.832162344279.12377.1069165019.472
(D008, 0060) odality S [RTSTRUCT
(D008, 103E) eriesDescription dv §im RT Structure Sets
(D00, 1050 anufacturerModelName dvantage Sim |
(D018, 1000) [I]JeviﬁeﬂerialNumber OeScedT
(0018,1020) oftwareVersion 15.0.13 |
(3006,0004) tructureSetName \prostate
(3006,0008) tructureSetDate 20031118
(3006,0009) tructureSetTime [TM 144014000
=ITEM 1 1l inullinull
=(3006,0084) erencedROINumber :
>(3006,002A) | ROIDisplayColor 1352061235
e 3006,0016) tourlmageSequence inull

coscw (J00E, 1155 erenced5S0PInstancel) I|m 1.2.840. 113619222 287.35138.2431.3.19.20031117. EUUSS{J

~(3006,0042) wurGeometricType  |CS |

e 30060044 ) tour5labThickness

>>(3006,0046) | NumberOfContourPoints

12 2076591825156 3. 1 8406294 102 5. 1 3601 9. 043"

>>(3006,0050) tourDxata = 164.941125.156120.02\-65.918125. 1561,

s 3006, 0084) erencedROINumber

>(3006,0085) |ROIObservationLabel  |SH it fh

~(3006,00A4) |RTROInterpreted Type IORGAN E

LUDWIG-




Example: RT Plan

Tag Altribute Name Value
(D00E, 0G0 ity TPLANM
{300A0002) TPlanLabel inal_beams
(3004, 00067 TPlanDiate 200310119
=300A,.00B2) | TreatmentMachineName
>(I00A.D0B4) | Source-AxisDistance .
= I00A DOBE)  RTBeamLimitingDevice Type X
ol 3004 D0BCY NumberOfLeafTawPairs

2000 190000 TROLON- 170000 La0.00- 150000 140.00-

130.0- 120001 10.00-100.0. ..

=(300A,00C0) | BeamNumber i
>(300A.00C2) | BeamName |
>(300A.00C4) | BeamType ISTATIC
>{300A.00C6) | RadiationType C5 [PHOTON
>(300A.00CE) | TreatmentDeliveryType ITREATMENT

NumberOfWedges

{3004, 00D0)
>{300A,00E0) | NumberOfCompensators
=(300A,00ED) | NumberOfBoli

MNumberOfBlocks

>{300A,010E)
(0008, 1 150)

TUT [1.2.840.10008.5.1.4.1.1.481.3

=((008,1135)

11.2.840.113619.2. 832162544279, 12377. 1069 165019.472 -




DICOM-RT objects overlay

Dose Prescription
RT to IMRT: Give 2 Gy/fr, 5 fr/wk at 100% I.L. to 76 Gy in 38 fr. and stop.

Fields

LA Energy ID X1 X2 Y1 Y2 SSD | Gantry | Coll | Table | Weight | MU

LA2 6X Fieldl +5.8 +6.3 +4.5 +2.5 90.1 180 ° 0° 0° 1.0 30

LA2 6X Field2 5.3 +5.5 | +4.5 +2.5 85.2 110° 0° 0° 1.0 75

LA2 6X Field3 4.5 53 | +4.5 +2.5 82.8 85° 0° 0° 1.0 76
.
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Definition of treatment geometry

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

Practical considerations:

* Need to account for multiple reference systems

e Structures visible in the image (i.e. in the DICOM reference system)
link spatial information altogether




Reference systems (1)

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

Patient
CoCS (, e “) ——
Z 4 :
tumour

Z
_ | DicoM (,d*) |
Room Coordinate z

System (RCS) x/ ‘y
fixed / vy ¥ .
RCS (, f*) /
1 7

Isocentre z 4 | ChCS(,e" |
X Chair

head / LA
£ ch
fixation | -

A -




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 Z; (RCS)




Reference systems (3)

Collimator MLC positions

(Viewed from
radiation source)

Positions sent in order:
Xl’l,xllz,.-.xllN,
X2’1,X2’2,...X2,N

LUDWIG-

MAXIMILIANS
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RT Plan: = RT Beams

Beam
 Beam Name
Radiation Type
Beam Limiting Device (MLC, Collim.)
Wedge
- Compensator

Bolus

Block

Applicator

# of Control Points
B 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 O;

* 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

AAAAAAAAAA



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:

e Cumulative MetersetWeight =0

* Gantry Angle=0,,

* Gantry Rotation Direction = CW/CCW

» All other Parameters (collimator, table, ...)
Control Point 1:

* Cumulative MetersetWeight = 1

* Gantry Angle=0_,4

* Gantry Rotation Direction = NONE




Example: dynamic MLC

Dynamic MLC, N Segments

Control Point 0:

e Cumulative MetersetWeight =0

* Initial MLC Leaf Sequence S,

e All other parameters

Control Point 1:

* Cumulative MetersetWeight = 1/N
* MLC Leaf Sequence S;

Control Point r:

* Cumulative MetersetWeight = r/N
* MLC Leaf Sequence S,

Control Point N:
* Cumulative MetersetWeight = 1
e MLC Leaf Sequence S




