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DICOM Standard 
● DICOM (Digital Imaging and Communications in Medicine) was developed in the 1980s 

by the American College of Radiology (ACR) and the National Electrical Manufacturers 
Association (NEMA) to standardize the handling and sharing of medical images

● Before DICOM, compatibility issues between different devices made medical imaging 
workflows inefficient

● Since its first release in 1985, DICOM has become the global standard for the storage, 
transmission, and display of medical images, ensuring seamless interoperability across 
healthcare systems



DICOM Standard 
● DICOM (Digital Imaging and Communications in Medicine) is a technical standard for 

the digital storage and transmission of medical images and related information

● It includes a file format definition, which specifies the structure of a DICOM file, as 
well as a network communication protocol that uses TCP/IP to communicate 
between systems

● The primary purpose of the standard is to facilitate communication between the 
software and hardware entities involved in medical imaging, especially those that are 
created by different manufacturers



DICOM Standard 



DICOM File format 
DICOM file is comprised of a Header and a Data Set:

● Header, also known as DICOM File Meta Information, includes a preamble, 

followed by 128 byte File Preamble, followed by 4 byte DICOM prefix (‘D’, ‘I’, ‘C’, 

‘M’), followed by the File Meta Elements which include elements such as the 

TransferSyntaxUID (which is important for understanding the file format).

● Data Set is a collection of Data Elements.



DICOM File format 

DICOM basic file structure

Hexadecimal representation of DICOM file. Starts with 128 byte File Preamble, 
followed by a 4 byte DICOM prefix, followed by the File Data Elements



DICOM File format 
● Each data element is a unit for storing information and it has a 

well predefined tag and purpose defined in the DICOM Standard

● Every data element has a Tag that uniquely identifies the element 

and is represented as: (gggg,eeee), where gggg represents the 

Group Number and eeee the Element Number

● Many DICOM contain bulk pixel data, which is usually used to 

represent one or more image frames (although other types of data 

are possible)

Tag Tag Description

(0010,0010) Patient’s Name

(0010,0020) Patient ID

(0010,0021) Issuer of Patient ID

(0010,0022) Type of Patient ID

(0010,0030) Patient’s Birth Date

(0010,0040) Patient’s Sex

… …



pydicom
● pydicom is a pure Python package for working with 

DICOM files such as medical images, reports, and 

radiotherapy objects

● pydicom makes it easy to read these complex files 

into natural pythonic structures for easy 

manipulation. Modified datasets can be written 

again to DICOM format files



pydicom
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pydicom
● By default pydicom reads in pixel data as the raw bytes found in the file:

● Because of the complexity in interpreting the pixel data, pydicom provides an easy way to get it in a 

convenient form: Dataset.pixel_array



pydicom
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DICOM network protocol
● DICOM is a widely adopted network protocol used primarily in medical imaging to ensure the seamless 

exchange of information between imaging devices, such as X-rays, MRIs, and CT scanners, and 

healthcare systems like PACS (Picture Archiving and Communication Systems)

● It defines a standardized format for storing, transmitting, and sharing medical images and associated 

data, enabling interoperability across various equipment from different manufacturers

● DICOM uses a client-server model 

and supports communication over TCP/IP



pynetdicom
● pynetdicom is a pure Python package that implements the DICOM networking protocol

● Working with pydicom, it allows DICOM clients (SCUs - Service Class Users) and servers 

(SCPs - Service Class Providers) to be easily created



pynetdicom Application Entity + Association

pynetdicom's main user class is AE and is used to represent a DICOM Application Entity

With it you can:

● Start the application as an SCP by specifying the supported presentation contexts then calling 

AE.start_server() and waiting for incoming association requests

● Use the application as an SCU by specifying the presentation contexts you want the peer SCP to support, 

then requesting an association via the AE.associate() method, which returns an Association thread

Once associated, the services available to the association can be used by sending DIMSE messages
(DIMSE = DICOM Message Service Element)



pynetdicom DICOM Message Service Element

DICOM Messages are used to communicate information across the DICOM network

A DICOM Message is a DICOM Command Set, and can be followed by a conditional DICOM Data Set

The Command Set indicates the operations and/or notifications that the requesting Application Entity (AE) 

wishes to have the accepting AE perform on or with the conditional Data Set

Name Group Type

C-STORE DIMSE-C operation

C-GET DIMSE-C operation

C-MOVE DIMSE-C operation

C-FIND DIMSE-C operation

C-ECHO DIMSE-C operation



pynetdicom DICOM Network Protocol

A-ASSOCIATE-RQ

A-ASSOCIATE-AC

OR

DATA-TF

A-RELEASE-RQ

A-ASSOCIATE-RJ

SCU

“Calling AE”
TCP 64123

SCP

“Called AE”
TCP 11112



pynetdicom DICOM Network Protocol

SCP

“Called AE”
TCP 11112

What?
CT, MRI, US, etc

How?
ILE, ELE, JPEG, etc



DICOM Receiver 



pynetdicom DICOM Network Protocol

SCP

“Called AE”
TCP 11112
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