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A Objects
i Images
T Presentation states
T Structured reports
I Encapsulate documents
A Information Models
T UIDs
A Relationship between workflow and objects
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Introduction - Bt

A Medical imaging study performed on a
patient involves a number of steps
T Image acquisition
I Image processing
I Result reporting

A Each of the step can result creation of a
DICOM objects

Introduction B oo

A Medical imaging study is a collection one or
more of the following DICOM objects
i Images
i Encapsulated documents
I SR documents
I Presentation states
A Each class of DICOM object has
standardised set of metadata
A Described by DICOM Information Object
__Definition (10D)
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A Examine the medical imaging workflow

i Identify where DICOM objects are created at
during the workflow

i Identify what attributes (metadata) are stored
as part of the object

i Identify the linkage between objects
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Background
The DICOM Information Model
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Modelling B oo
A Metadata - data to describe an object

A Modelling process to systematically
describe an object

mef aolaT e,
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Entity-relationship model B oot

A Model the type of information that needs to
be stored

A Entity-relationship model

A Entity
I something that exists
iDI COM fireal world obj e
i DICOM Information Entity
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DICOM real-world model 8 Sl
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More simplified B o

Information
Entities

\ t\r Objects
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Information entities vs objects oo
A Entities described by DICOM Information
Entities
I normalised

A Objects are defined in Information Object
Definitions (IOD)
i Composite
i Made up of a number of normalised entities
A 10D will contain metadata about patient,
study, series and object

. . @ THE UNIVERSITY
Information entities B romman
Patient Patient who is the subject of a imaging studies
Study An imaging study is a collection of one or more

series of medical images, presentation states, and/or
documents that are logically related for the purpose
of diagnosing a patient. Each study is associated with
exactly one patient.

Series DICOM series is a set of object that were generated
together by the same equipment at the same
operation.

rovider No
1 DICOM PS3.3 2011 http://nema.org



. . @ THE UNIVERSITY
DICOM information model S O: mmaarn
Patient 6s Name
. Patient ID
Patient > Patients DOB
Patient Sex
T S
Study Instance UID
Study Date
Study Study Time
Accession Number
A S
Series Instance UID
i Series Number
Series Modality Type
I SOP Instance UID
Image Number
Object Bits Allocated
Bits Stored
Columns
Rows
Photometric interpretation
Information entity Attributes
. . . e THE UNIVERSITY
Information object definition IOD) & orosaiis

A DICOM divides all real-world data
(metadata) into standardised attributes

A Listed in the DICOM Data Dictionary

A Describes any real object as a collection of
these attributes known as the Information
Object Definition

A DICOM Part 3 10Ds
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SOP Class UID
SOP Instance UID

SOP Common

Patients’ Name
Patient ID

Patients’ Birth Date
Patient Sex

Patient

Study UID

Study Date

Study Time'

Study ID

Referring Physician
Accession Number

General Study

Series UID
Series Number
Modality Type

General Series

Manufacturer
Institution Name

I General Equipment

Acquisition Attributes ...
Position Attributes ..

Image Number
Image Type

Bits Allocated, Bits Stored
High Bit

& Rows, Columns

Samples per Pixel

Planar Configuration
Pixel Representation
Photometric Interpretation
Pixel Data

o

Window Width
Window Center

System Depended
General Image
Image Pixel

VOI LUT

A3.3  CTlmage 10D Module Table

Image Source www.dcm4che.org

Table A.3-1
CT IMAGE 10D MODULES
IE Module Reference Usage
Patient Patient cr.11 M
Clinical Trial Subject C7.13 u
Study General Study c7.21 M
Patient Study c722 u
Clinical Trial Study C723 u
Series General Series C7.31 M
Clinical Trial Series Cr732 U
Frame of Frame of Reference cr41 M
Reference
Equipment General Equipment C751 M
Image General Image CT761 M
Image Plane c762 M
Image Pixel C763 M
Contrast/bolus C764 C - Required if contrast media was
used in this image
Device N C76.12 U
CT Image / c821 M
HowerayPlate c92 u
VOI LUT C12 U
SOP Commeon c121 M
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Table C.8-3
CT IMAGE MODULE ATTRIBUTES

IE UNIVERSITY

Attribute Name Tag Type | Attribute Description .
Image Type (0008,0008) 1 Image identification characteristics. See ”QH\F:I;:TSLAND
.8.2.1.1.1 for specialization

Samples per Pixel (0028,0002) 1 MNumber of samples (planes) in this image.
See C.8.2.1.1.2 for specialization.

Photometric Interpretation (0028,0004) 1 Specifies the intended interpretation of the
pixel data. See C82.1.13for
specialization.

Bits Allocated {0028,0100) 1 Number of bits allocated for each pixel
sample. Each sample shall have the same
nurnber of bits allocated. See C82.1.14
for specialization

Bits Stored (0028,0101) 1 MNumber of bits stored for each pixel
sample. Each sample shall have the same
number of bits stored. See C.8.2.1.1.5for
specialization.

High Bit (0028,0102) 1 Most significant bit for pixel sample data.
Each sample shall have the same high bit.
See C.8.2.1.1.6 for specialization

Rescale Intercept (0028,1052) 1 The value relationship between
stored values (SV) and Hounsfield (HU).
HU = m*SV+b

Rescale Slope (0028,1053) 1 m in the equation specified in Rescale
Intercept (0028,1052)

KVP (0018,0060) 2 Peak kilo voltage output of the x-ray
generator used

Acquisition Number (0020,0012) 2 A number identifying the single continuous
gathering of data over a period of time
which resulted in this image

Scan Opfions (0018,0022) 3 Parameters of scanning sequence.

Data Collection Diameter (0018,0090) 3 The diameter in mm of the region over
which data were collected

Data Cellection Center {Patient) (0018,9313) 3 The x, y, and z coordinates (in the patient
coordinate system) in mm of the center of
the region in which data were collected.
See CB8.1536.1.

Reconstruction Diameter {0018,1100) 3 Diameter in mm of the region from within
which data were used in creating the
reconstruction of the image. Data may
exist outside this region and portions of
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Grp Elmt Length | Description | VR | VM | Value

0002 0000 4 | file_group_length | UL | 1 | 0x000000c8 200

0002 0001 2 | file_meta_information_version | OB | 1 | 0x00 0x01 0 1

0002 0002 26 | file sop_class_uid | UI | 1 | "1.2.240.10008.5.1.4.1.1.4"

0002 0003 52 | file sop_instance uid | UI | 1 | "1.3.12.2.1107.5.2.30.25068.2012080908001021929204148"

0002 0010 22 | file transfer_syntax_uid | UI | 1| "1.2.840.10008.1.2.4.70"

0002 0012 18 | file implementation class uid | UT | 1] "1.2.124.113532.1.1"

0002 0013 12 | file implementation version_name | SH | 1 | "MITRA22JANGT

0002 0016 8 | file source application entity title | AE | 1 | "RBHWFM2"

0008 0005 10 | specific_character set | €5 | 1-n | "ISO_IR 100"

0008 0008 30 | image type | C5 | 1-n | "ORIGINAL\PRIMARY\M\NORM\DIS2D"

0008 0012 8 | instance creation date | DA | 1 | "20120809"

0008 0013 14 | instance creation time | TM | 1 | “080016.671000"

0008 0016 26 | sop_class_uid | UT | 1| "1.2.840.10008.5.1.4.1.1.4"

0008 0018 52 | sop_instance_uid oL 1| 2.1107.5.2.30.25068.2012080908001021929204148"

0008 0020 8 | study_date | DA | 1]

0008 0021 8 | series_date | DA | 1]

0008 0022 8 | acquisition_date | DA | 1

0008 0023 e | image date | DA | 1 | "20120809"

0008 0030 14 | study time | TM | 1 | "074500.000000"

0008 0031 14 | series time | TM | 1| "080009.671000"

0008 0032 14 | acquisition_time | TM | 1 | "075805.060000"

0008 0033 14 | image time | TM | 1 | "080016.671000"

0008 0050 12 | accession_number | SH | 1 | "MR120000001"

0008 0060 2 | modality | cs1 1] "R

0008 0070 8 | manufacturer | Lo | 1 | "SIEMENS"

0008 0080 32 | institution name | Lo | 1 | "Royal Brisbane & Womens Hospital"

0008 0081 42 | institution_address | 5T | 1 | "Herston Road 1,Brisbane,Queensland, AU, 406%"

0008 0030 0 | referring_physician_name | PN 1| "t

0008 1010 8 | station_name | SH | 1 | "RBWHMR1"

0008 1030 8 | study_description | Lo | 1 | "MR Face"

0008 103e 12 | series_description | Lo | 1 | "tl_se_cor_fs"

0008 1040 16 | institutional department name | Lo | 1 | "RBWH MR Imaging"

0008 1048 14 | physician_of_ record | PN | 1-n | "REFERRER DR"

0008 1050 @ | performing physicians name | PN | 1-n | "UNKNOWN"

0008 1070 2 | operator name | PN | 1-n | "LC"

0008 1090 6 | manufacturer model name | Lo | 1 | "Avanto"

0008 1110 104 | referenced study sequence Isel 1]

CRICOS Provider No 000258

22/12/2015
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DICOM Objects

CRICOS Provider No 000258

AUSTRALIA

DICOM Image file B oo

Prefix (DICM)

DICOM Element
Value
Name
DICOM Element
Value
Name

DICOM Element
Value
Name

Pixel Data
Element Image Data
(7FE0,0010)

CRICOS Provider No 000258

10
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A Pixel Data Element (7FE0,0010)

A Native
i Uncompressed
Encapsulated (compressed) in file format
defined outside of DICOM
i JPEG
RLE
i JPEG-LS
JPEG2000

CRICOS Provider No 000258

11



Images

A Information Object Definition
T CT Image 10D
T MR Image 10D
T CR Image IOD
i VL Photographic Image IOD
i VL Endoscopic Image IOD

A Images created
I modality

22/12/2015
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JPEG to DICOM 8 oo
[FDIcOM image creation ol x|

ame. Sex
aaaaa Date of bith e
[28/0272005 | :é
Accession no. Study date i
[ [2170572010 =]
Refering phys Modaity 5
=L LT [ =
Study descript ion
Feiforming physician N
Peife radiographer J]\)\ i
Institution et

rImag g
" Dilferent studies

" One study but diferent series

i zol® o0

@ One series

Step 2: Create metadata
— elements by filling in the
form

Step 3: Create the
— DICOM image file.

12
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Encapsulated documents B oo

A Types encapsulated documents
I PDF document

T Clinical Document Architecture (CDA)
document

A Wraps the document in DICOM header

A Referrals, request form, worksheets,
diagnostic reports

A Encapsulated Document (0042,0011)
contains the byte stream of the actual PDF
__or CDA document

THE UNIVERSITY
CDA B oo
A XML encoded

A XML (as opposed to free text) allows both
machine and human processing

A Structure is defined by HL7

A Discharge summary, imaging report,
pathology report

A Can be transported by HL7 or DICOM e.qg.
C-STORE, C-MOVE

13
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Encapsulated documents 8 ool

A Methods
i Direct document import
I Document scanner (TWAIN)
i Virtual print driver

A Workflow
i Convert (Text, MS Word), Encapsulate (PDF)
and store or transmit
A Metadata
i DMWL
.\ PACS query

u THE UNIVERSITY
Encapsulated documents W Emeian

T Doc2DICOM - 1056 ez (ol &

Patient ID | Patient Sex Male - [ Search PACS | | Setup |

Patient Name Accession Number [ sewchur || cear |

Patient 6D 04/07/2012 @ Study Description

Name ID Sex Birth Date Study Description Accession M. |Study Inst
Add Doc | | Add POF |

22/12/2015
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Encapsulated documents

‘ Pre-amble

Prefix (DICM)

DICOM Element

Value
Name

DICOM Element
Name

Value ‘

DICOM Element

Value
Name

I
|
I
'
Encapsulated |
Document
Element

(0042,0011) )

PDF or CDA

AAAAAAAAA
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Structured Report

A Storage (and transmission) of clinical
documents
i Diagnostic reports
I Other clinical documents

A Generated by person or machine

A About content not display

I Style sheets to display content in reader
friendly format

22/12/2015

15



Structured reports B oo

A plain text

A coded values

A numeric values (with units)

A person names, dates and times

A references to DICOM images, waveforms
and other composite objects

A spatial and temporal coordinates in
referenced objects

THE UNIVERSITY
Person generated SR 8 oo
|

A
Initialize from SR template: >

Document title: Diagnostic imaging report
Subject: (@ Patent () Fetus () Specmen

Findings:

=« SOftware application for
creating a structure report.
Separate (but often linked)
to image viewing software.._

Best illustration of finding:

—
- (s W SOP Class: 1.2.840.10008.5.1.4.1.1.4
D SOP inst: 1.3.12.2.1107.5.8.2.485251,834849. 77825349, 2002111313291304
. . i1

- \ ) e -ame Num:

FFFFFFF

22/12/2015
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Machine generated SR

Exam Description: CT HEAD WO CONT

Series  Type

1 Scowt
2 Al
2 Axial

CRICOS Provider No 000258

Dose Report

(TDIvol
(mGy)

Scan Range
{mm)

133.750-52.100 8323
§3.000-5143.275 7344
Total Exam DLP:

111

DLP  Phantom
(mGy-tm)  tm

34098  Head 16
105302 Head 16
1394.00

Machine generated SR

Mame

BFD: 750 e
OFD. ~rn

Jane Doe

Exam - 2nd73ed Trimester

MAN: 900007123

GA 007 wha

HC; 290 men GA 2047 whs

APD. "~
TAD: nn

AC: 300 s GA 3367 whs

FL. 050 s
CRL: mm
Duscosdance
FUSPD:
HCIAC

cr

TCIAC

TUAC

1Y event sty
Moconte AH

CRICOS Provider No 000258

Exam Date;  O&/25/2007

EGA based on LWP: 54 77

EGA based on BPD HC ACFL: 31 &7
Other EGA

Assigned EGA: 31 57

EFW based on BPOHCACFL 2113 gm

GA Y7 why Pescentie 04
Other EFW om
A% et Ghcordance Percentée
"n
o8’ Assigned EFW. 2 i
a1
093 Nosmal Range. 98. 121 \W mjor
Percentie t4
00
Dont Dvnply X Targeted wer U Mg oy teton
el U 2p0dY 20w o0 Ranpent Aot Gragta Gt D) Seacibor

Yoo

Py E——

cdee

e

wer | Neyiow
- vt | Bban

ieny | Someny e
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SR containing radiation
dose information generated
by CT scanner.
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SR generated from
measure recorded
during obstetric

ultrasound examination.
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17



22/12/2015

Structured reports 8 ool
A DICOM name-value pairs
CODE: AFindingo = fAMass
NUM: nADiametero = 01. 30
CODE: AShapeo = fARoundo
CODE: A Mar g-definedo= f Wel |

A Facilitates searching

nAIl I mal e pat.
| ung nodul es |

nt s un

e
ess 1cm
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