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ABSTRACT

Methods and apparatus for streaming DICOM images or
objects through data element Sources and SinkS. Digital data
contained in relatively large DICOM objects of any size can
be transmitted between applications, devices, or Storage
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media in a network. The use of data element Sources and
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data element Sinks to incrementally process data elements
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memory needed to perform a DICOM operation. The meth
ods and apparatus according to the present invention limit
the consumption of memory resources while providing a
relatively Small, fixed amount of memory for handling a
relatively large DICOM object, while maintaining the per
formance of applications operating in the DICOM network.

and data values one at a time, minimizes the amount of
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First 128 bytes: unused by DICOM format
Followed by the characters 'D''''C'M'
This preamble is followed by extra information e.g.:
O002OOOOFile Meta Elements Group Len: 32
OOO2OOOFile Meta info Wersion: 256

OOO2OOOTransfer Syntax UID: 1.2.840.10008.1.2.1.
O008.OOOOldentifying Group Length: 152
OOO80OSOModality. MR
O008OOFOhanufacturer: MRCO

OO 18OOOOACQuisition Group Length: 28
OO 8,005OSlice Thickness: 2.00
OO 81020Software Wersion: 46,643F

028.0000Image Presentation Group Length: 148
OO28.0002 Samples Per Pixel: 1
OO28,0004 Photometric interpretation. MONOCHROME2.
280008. Limber of Frames: 2
OO28OOOROWs. O9
OO2800 Columns: 9

OO280O3OPixel Spacing. 2.00%2.00
28
Bits Allocated: 8
OO28OO Bits Stored: 8

OO28O1 O2High Bit:
028.003 Pixel Representation: 0
OO28,1052 Rescale intercept: 0.00
OO28,1053 Rescale Slope: O.OO39215F
FFEOOOOOPixel Data Group Length: 1985
FFEOOOOPixel Data: 19838

Figure 8
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where a very large data Set is being communicated, almost
all of the bytes in the data set may be pixel data. Most other
types of data elements communicate information about the

image (metadata) Such as the patient name, type of image,

FIELD OF THE INVENTION

0001. The present invention relates in general to image
transmission, and relates more particularly to methods and
apparatus for Streaming DICOM images through data ele
ment Sources and SinkS.
BACKGROUND OF THE INVENTION

0002 Medical images can be communicated between
computers using a network protocol Standard named Digital

Imaging and Communications in Medicine (DICOM). The

DICOM network protocol was created to aid the distribution
and viewing of medical images and objects Such as EKG

waveforms, computed tomography (CT), magnetic reso
nance (MR), and ultrasound.
0003) The DICOM network protocol defines a format
used to Store, receive, and transmit digital image data and
objects. The DICOM object format typically contains a
header and image data. The header contains information
about the patient's name, type of medical procedure or Scan,
image dimensions, etc. For example, a DICOM image file

and image date and time.
0006 DICOM communicates by transmitting data sets. A
data Set is an ordered set of data elements, Such as Sequence
data, pixel data, or other types of data. Each data element
represents information that is being communicated. Each
data element has a particular type, and can vary in size
depending upon the data element type. For example, by way
of illustration of the different range in the size of an image
file, the file size of a DICOM image can range from

approximately 128 kilobytes (KB) for a single DICOM
image, or up to approximately 600 megabytes (MB) for a

time-sequence or multi-frame DICOM image.
0007 DICOM data sets are communicated using one or
more transfer Syntaxes. A transfer Syntax specifies a type of
encoding of the data for the particular data set. The DICOM
network protocol can Support at least three types of transfer
Syntax: little endian explicit value representation, little
endian implicit value representation, and big endian explicit
value representation.
0008. A unique feature of DICOM network protocol

includes a header which contains data that describe the

allows data to be transformed into a different form when

physical dimensions of a medical image. The header can

transported. This unique feature of DICOM data transfor
mation during the transmission of DICOM images over a
conventional DICOM network creates a relatively large
demand for the memory resources in a DICOM network.
0009. The DICOM network protocol consists of multiple
layers. The DICOM network protocol can also be built on
top of a standard TCP/IP protocol. When transmitting data
over a communications network, the DICOM protocol
breaks a data Set into one or more data packets before
Sending it acroSS the network. Each data packet defines one

also include data that contains textual information about a

Scan contained in the image. The Size of a header may vary
depending upon the amount of information that is stored in
the image. The data in a header can be organized as one or
more groups. One group may be a meta file information
group which defines one or more data elements Such as a
group length, a file version, and a transfer Syntax. The
number of data elements depends upon the image type and
the characteristics of the particular image type.
0004 Object data typically follows the header data. The
object data can have data elements which define character
istics of the particular object type and the object data
asSociated with the particular object type. The object data
can include information obtained in a medical Scan per
formed in two and/or three dimensions. For example, a

magnetic resonance image (MRI) may have DICOM image

data that includes a data element that Specifically defines the
MRI echo time. Furthermore, image data may be com
pressed or encapsulated to reduce the image file size.
0005 Most DICOM data elements are small and bounded
in size by the type of data that they can contain. For example,
integer data elements may only contain a few integers. These
data elements are always relatively Small and do not have a
Significant or large impact on the performance and Scalabil
ity of a network because of their relatively small size. Other
types of DICOM data elements such as image data can be
relatively large in comparison. Two types of DICOM data
elements warrant special attention Since they can be large:
Sequences and pixel data. Sequences in DICOM are a type
of data element that can recursively contain other data Sets.
Since they can contain other data Sets, they could potentially
be relatively large if they contain a very large number of
Small data elements, or if they contain pixel data. Pixel data
is a type of data element that corresponds to actual image
data. Pixel data is a type of data element that can be
relatively large, and in Some cases, extremely large. In cases

or more protocol data units (PDUs). If an underlying pro

tocol layer transforms the data into data packets, as in
TCP/IP protocol, the DICOM protocol requires that the data
Sets being communicated across the network also be pack

aged as protocol data units (PDUs). For example, when the

DICOM network protocol runs on top of the TCP/IP pro
tocol, this effectively double packetizes the data. That is,
DICOM packages the data Sets as protocol data units

(PDUs) and TCP/IP packages the data sets as data packets.

This type of DICOM/TCP/IP layered protocol structure
creates a relatively large demand for memory resources in a
conventional DICOM network. Moreover, the transmission

of DICOM images through multiple layers of the DICOM
network protocol can also create a relatively large demand
for memory resources in a conventional DICOM network.
0010) The DICOM protocol follows a strict order for
establishing and maintaining communications. A State
machine operated by the Upper Service Level layer of the
DICOM protocol specifies a strict order for establishing and
maintaining communications between two devices in a
DICOM network. For example, since the DICOM protocol
is connection oriented, no communication of DICOM data
can occur until a DICOM association or connection has been

established between two devices. That is, at least two

DICOM protocol-based devices must be in communication
with each other in order to establish a DICOM association
or connection. After a DICOM association or connection has
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been established, communication must continue to follow a
strict order, and then the DICOM association or connection

must be closed in an orderly fashion. Such a strict order
dictated by the DICOM network protocol can create a
relatively large demand for memory resources in a conven
tional DICOM network.

0.011 Each DICOM association or connection can be
used to perform DICOM data operations in the DICOM
network. DICOM operations can be performed sequentially,
or one after another, or concurrently. Concurrent operations
are called asynchronous operations per association in
DICOM. Conventional DICOM networks typically handle
multiple concurrent or asynchronous operations involving
DICOM data, and large DICOM file sizes can create a
relatively large demand for memory resources in a conven
tional DICOM network.

0012. The rapid handling of relatively large objects by
conventional DICOM communication networks demands

that DICOM protocol operations be performed in an effi
cient, high performance manner. Conventional DICOM
communication networks Suffer a significant drop in the
Speed and performance when handling relatively large
DICOM object files. Since DICOM objects tend to be
relatively large, communication of DICOM objects can
quickly overwhelm a communications network that is not
designed to accommodate Such large image objects. Con
ventional DICOM communication networks rely upon serv
ers to handle multiple and simultaneous DICOM operations.
In cases where a single DICOM file or storage operation
could consume a large portion of a server's resources Such
as a memory and processing time, a DICOM Server may
Suffer from poor Scalability and performance when handling
Such large objects. The network and Server performance
problems can worsen Significantly when multiple clients
attempt to Simultaneously or concurrently use the network.
0013 Therefore, there is a need for methods and appa
ratus for limiting the consumption of memory resources
during the handling of DICOM objects in a network.
0.014. There is a further need for methods and apparatus
for allowing one or more applications in a DICOM com
munications network to limit memory usage regardless of
the size of DICOM objects to be communicated in the
network.
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resources during the handling of DICOM objects in a
network. Furthermore, methods and apparatus according to
the present invention permit one or more applications in a
DICOM communications network to limit memory usage
regardless of the size of DICOM objects to be communi
cated in the network. Moreover, methods and apparatus
according to the present invention permit transmission digi
tal data between two devices in a communications network.

Finally, methods and apparatus according to the present
invention permit transmission of DICOM objects in a net
work while maintaining or improving the performance of
one or more applications operating in the network.
0019 Methods and apparatus according to the present
invention permit the transmission of digital data between
two devices in a communications network using a fixed
amount of memory. For example, methods and apparatus
according to the present invention permit Streaming DICOM
objects of relatively large file size between two devices in a
DICOM network using only a limited, fixed size of memory.
To handle a DICOM object or any other digital data or object
of relatively large file size, methods and apparatus according
to the present invention apportion the object into Small, fixed
portions of data elements. The methods and apparatus
according to the present invention then limit the number of
data elements that can be stored in memory at a single time
for a single operation. Each data element is then handled
incrementally by a data element Source or data element Sink
to avoid using too much memory for a Single operation.
Thus, the methods and apparatus according to the present
invention permit a DICOM communications network to
Stream a DICOM object or image using only a Small, fixed
amount of memory regardless of the size of the DICOM
object or image that is being communicated.
0020. In a first exemplary method for communicating
digital data from a first device to a Second device using a
fixed amount of memory, the method initially defines a
limited number of data values to be Stored in a data Stream.

Next, the method incrementally reads a Set of data elements
from a first device So that each data element is read one at

a time. Subsequently, a data value is extracted from each
data element. If a data element is larger than a threshold size,
then the data can be transmitted in relatively Small, fixed size
portions of data. Finally, the method transmits the data
Stream containing a predefined limited number of data

0.015 There is a further need for improved methods and
apparatus for transmitting digital data between two devices

values to a Second device So that data values can be encoded
to the Second device.

in a communications network.

0021. In another exemplary method for communicating
digital data from a first device to a Second device using a
fixed amount of memory, the present invention may receive
a file containing digital data from a first device. Next, the
method creates a data Stream containing data values for the
file containing digital data. Based on the data Stream, the
present invention creates a data element Source. The method
can then incrementally process the data elements one at a
time from the data Stream through the data element Source.
Finally, the data elements are transmitted to a data element

0016. There is a further need for improved methods and
apparatus for transmitting DICOM objects in a network
while maintaining or improving the performance of one or
more applications operating in the network.
0.017. There is a further need for methods and apparatus
for streaming DICOM objects in a network through a data
element Source and data element sink.
SUMMARY OF THE INVENTION

Sink which encodes the data elements to a Second device.

0.018. The invention addresses the problems above by
providing methods and apparatus for Streaming DICOM
objects in a network through data element Sources and data
element SinkS. Methods and apparatus according to the
present invention limit the consumption of memory

0022. An exemplary embodiment of an apparatus of the
present invention includes a communications module for
Streaming digital data between two devices in a network
using a fixed amount of memory. The communications
module includes a data element Source and a communica
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tions engine. The data element Source is configured for
receiving a set of data elements from a first device. The data
element Source is also configured for incrementally proceSS
ing a Single data element at a time from the Set of data
elements. The communications engine is configured for
extracting data values from the data elements and creating a
data Stream from the extracted data values by passing them
to the data element Sink which encodes them to the Second

device. Moreover, the communications engine is further
configured for transmitting the data Stream containing the
extracted data values to a Second device.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

0033 Particular embodiments of the present invention
will now be described in greater detail with reference to the
drawings.
0034. In a first exemplary method for communicating
digital data from a first device to a Second device using a
fixed amount of memory, the method initially defines a
limited number of data values to be Stored in a data Stream.

Next, the method incrementally reads a Set of data elements
from a first device So that each data element is read one at

0023. Another exemplary embodiment of an apparatus of
the present invention includes a communications module for
Streaming digital data between two devices in a network
using a fixed amount of memory. The communications
module includes a data element Sink and a communications

engine. The data element Sink is configured for receiving a
set of data elements from a first device. The data element

Sink is also configured for incrementally writing a single
data element at a time from the Set of data elements. The

communications engine is configured for extracting data
values from the data elements and creating a data Stream
from the extracted data values. Moreover, the communica

tions engine is further configured for transmitting the data
Stream containing the extracted data values to a Second
device.

0024. Thus, as described in the methods and apparatus of
the present invention, digital data contained in relatively
large DICOM objects of any size can be transmitted between
applications, devices, or Storage media in a network. The use
of data element Sources and data element Sinks to incremen

tally process data elements and data values one at a time,
minimizes the amount of memory needed to perform a
DICOM operation. The methods and apparatus according to
the present invention limit the consumption of memory
resources while providing a relatively Small, fixed amount of
memory for handling a relatively large DICOM object,
while maintaining the performance of applications operating
in the DICOM network.
BRIEF DESCRIPTION OF THE DRAWINGS

0.025 FIG. 1 is a functional block diagram of a system
according to an exemplary embodiment of the present
invention.

0.026 FIG. 2 illustrates a data flow diagram of an exem
plary embodiment of the present invention.
0027 FIGS. 3a-c illustrate an exemplary method of the
present invention.
0028 FIGS. 4a–b illustrate a second exemplary method
of the present invention.
0029 FIG. 5 illustrates a third exemplary method of the
present invention.
0030 FIG. 6 illustrates a fourth exemplary method of the
present invention.
0.031 FIG. 7 shows a representative illustration of data
contained in a DICOM image file.
0032 FIG. 8 illustrates data contained in a DICOM
image file.

a time. Subsequently, a data value is extracted from each
data element. If a data element is larger than a threshold size,
then the data can be transmitted in relatively Small, fixed size
portions of data. Finally, the method transmits the data
Stream containing a predefined limited number of data
values to a Second device So that data values can be encoded
to the Second device.

0035) In another exemplary method for communicating
digital data from a first device to a Second device using a
fixed amount of memory, the present invention may receive
a file containing digital data from a first device. Next, the
method creates a data Stream containing data values for the
file containing digital data. Based on the data Stream, the
present invention creates a data element Source. The method
can then incrementally process the data elements one at a
time from the data Stream through the data element Source.
Finally, the data elements are transmitted to a data element
Sink which encodes the data elements to a Second device.

0036) An exemplary embodiment of an apparatus of the
present invention includes a communications module for
Streaming digital data between two devices in a network
using a fixed amount of memory. The communications
module includes a data element Source and a communica

tions engine. The data element Source is configured for
receiving a set of data elements from a first device. The data
element Source is also configured for incrementally proceSS
ing a Single data element at a time from the Set of data
elements. The communications engine is configured for
extracting data values from the data elements and creating a
data Stream from the extracted data values by passing them
to the data element Sink which encodes them to the Second

device. Moreover, the communications engine is further
configured for transmitting the data Stream containing the
extracted data values to a Second device.

0037 Another exemplary embodiment of an apparatus of
the present invention includes a communications module for
Streaming digital data between two devices in a network
using a fixed amount of memory. The communications
module includes a data element Sink and a communications

engine. The data element Sink is configured for receiving a
set of data elements from a first device. The data element

Sink is also configured for incrementally writing a single
data element at a time from the Set of data elements. The

communications engine is configured for extracting data
values from the data elements and creating a data Stream
from the extracted data values. Moreover, the communica

tions engine is further configured for transmitting the data
Stream containing the extracted data values to a Second
device.

0038 FIG. 1 illustrates a functional block diagram of a
System according to an exemplary embodiment of present
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invention. The System comprises a communications module
100. The communications module 100 is configured for the
transmission or Streaming of objects between an associated
application program 101 and another application program
via a network. Furthermore, the communications module

100 is configured for the transmission or streaming of
DICOM objects including DICOM image files or other
Similar types of digital images between an associated appli
cation program 101 and another application program via a
network. For example, the communications module 100 can
communicate between an associated application program
101 and an application program 130 via a communications
network Such as a DICOM network 102 to send or receive

DICOM objects including DICOM image files or other
Similar types of digital objects.
0039) Note that the communications module 100 gener

ally communicates between a Service Class Provider (SCP)
and a Service Class User (SCU). A SCP receives a request

for a DICOM network protocol-defined service, while a
SCU initiates a request for a DICOM network protocol
defined Service. For example, an associated application
program 101 can be a SCU, and a server 128a-n executing
an application program 130 can be a SCP.
0040. An associated application program 101 can be a
DICOM application program Such as a medical imaging
program or an application program capable of communicat
ing with the communications module 100 using a DICOM
communications protocol or DICOM standard. The associ
ated application program 101 may execute on one or more
clients, medical imaging devices, storage devices, informa
tion Systems, databases, printers, WorkStations, acquisition
modules, modalities, viewing Systems, DICOM media, digi
tal archives, or other types of devices capable of operating
using a DICOM communications protocol or DICOM stan
dard. Representative examples of DICOM image files and
associated information contained in a DICOM image file are
shown in FIGS. 7-8.

0041. The communications module 100 includes a com
munications engine 104, a data element Source 106, a data
element sink 108, a state machine 110, a buffer 112, and a

multiple-layer protocol such as a DICOM protocol 114. A
communications engine 104 is configured for handling data
and associated data elements between the associated appli
cation program 101 and the communications module 100, as
well as between the communications module 100 and the

DICOM network 102. The communications engine 104 can
also be configured to transmit data and asSociated data
elements between the various components of the commu
nications module 100 as well as between the multiple layers
of the DICOM protocol 114. A communications module
according to other embodiments may have a fewer or greater
number of elements providing Similar features.
0042. The data element source 106 is a conceptual source
for data elements. A data element Source 106 can function as

a forward iterator over a conceptual Set of data elements. A
data element Source 106 can provide data elements one at a

time, or in a block, to a Service Class User (SCU) or a
Service Class Provider (SCP) such as client or server
128a-n. For example, a data element source 106 can handle
Sequence data (SQ) elements.
0.043 A data element source 106 can also include a pixel
data decoder. A pixel data decoder handles pixel data incre

mentally, or one at a time. For example, a pixel data decoder

handles pixel data (PD) elements. Since a single pixel data
element can contain Several megabytes of data, a pixel data
decoder permits the reading of the pixel data in relatively
Small, fixed size chunks of data. When a pixel data element
is encountered, the pixel data decoder does not read the
entire data element at once, but instead the pixel data is read
incrementally into a fixed size buffer, such as the buffer
shown as 112.

0044) A data element source 106 can include streaming
data elements. Similarly, Streaming data elements can be
handled incrementally.
004.5 The data element sink 108 is a conceptual storage
for data elements. A data element sink 108 can write data

elements one at a time, or in a block, to a Service Class User

(SCU) such as client or server 128a-n. For example, a data
element sink 108 can handle sequence data (SQ) elements.
0046. A data element sink 108 can also include a pixel
data encoder. A pixel data encoder handles pixel data incre
mentally, or one at a time. For example, a pixel data encoder

handles pixel data (PD) elements. Since a single pixel data

element can contain Several megabytes of data, a pixel data
encoder permits the writing of the pixel data in relatively
Small, fixed size chunks of data. When a pixel data element
is encountered, the pixel data encoder does not write the
entire data element at once, but instead the pixel data is
written incrementally into a fixed size buffer, Such as the
buffer shown as 112.

0047 A data element sink 108 can include streaming data
elements. Similarly, Streaming data elements can be handled
incrementally.
0048. The state machine 110 initiates, monitors, and

handles an association or connection between a Service

Class Provider (SCP) and a Service Class User (SCU).
0049. The buffer 112 is a memory storage device config
ured to Store data elements, data values, or other types of
data. The buffer 112 can also include one or more Smaller

buffers or Similar types of memory Storage devices for
Storing data elements, data values, or other types of data.
0050. The DICOM protocol 114 contains multiple layers
including a Transport layer 116, an Upper Level Service
layer 118, a Data Service Layer 120, and a Service Class
layer 122. The Specifications, functionality, and more
detailed description of the DICOM protocol and the asso
ciated layers 116-122 are set forth in the standards document
Digital Imaging and Communications in Medicine

(DICOM), PS 3.1-2000, National Electrical Manufacturers
Association, 2000, which is incorporated herein by refer

CCC.

0051. The communications module 100 communicates
with the associated application program 101. The commu
nications module 100 can also communicate with another

application program 130 through a communications network
such as the DICOM network 102. Typically, another appli
cation program 130 will communicate via the DICOM
network with the communications module 100 through an
interface such as a physical layer 124, i.e. ETHERNET,
ATM, FDDI, etc. Furthermore, those skilled in the art will

recognize that the DICOM network 102 can utilize Trans

mission Control Protocol/Internet Protocol (TCP/IP) 126 to
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further facilitate communication with other networks, com

puters, platforms, and applications. Thus, the communica
tions module 100 can be positioned with the Transport layer
112 adjacent to the TCP/IP 126, thus creating an interface
between the DICOM network 102 and the communications

module 100. Those skilled in the art will recognize the
methods and Systems needed to facilitate this configuration.
0.052 A DICOM network 102 can include one or more
Servers 128a-n connected in a network configuration as
shown In Some instances, a DICOM network 102 will be

Setup to operate in a local area network or LAN configura
tion.

0.053 A server 128a-n can include platforms such as
clients, medical imaging devices, Storage devices, informa
tion Systems, databases, printers, WorkStations, acquisition
modules, modalities, viewing Systems, DICOM media, digi
tal archives, or other types of devices capable of operating
using a DICOM communications protocol or DICOM stan
dard. In a DICOM network 102, a server 128a-n can be a

Service Class Provider (SCP) or a Service Class User
(SCU).
0054) Those skilled in the art will be familiar with other
configurations of communication networks that operate

Similar to the DICOM network 102.

0.055 An application program 130 can be configured to
execute on a Server 128a-in. Generally, an application pro
gram 130 can be a DICOM application program such as a
medical imaging program or an application program capable
of communicating with the communications module 100
using a DICOM communications protocol or DICOM stan
dard. An application program 130 may execute on other
platforms Such as clients, medical imaging devices, Storage
devices, information Systems, databases, printers, WorkSta
tions, acquisition modules, modalities, viewing Systems,
each of which may connected to the DICOM network 102.
0056. The communications module 100 can also com
municate with a media Storage module 132 and a meta
database module 134. The media storage module 132 is
configured to communicate with the communications mod
ule 100, and to Store digital image data on a temporary or
permanent basis. The media Storage module 132 can include
a storage medium Such as a hard drive, a magneto-optical
disk drive, a CD-RW drive, a CD-ROM drive, or other

Similar type of Storage medium. Note that the application
program 130 can also be configured to be executed from the
media Storage module 132.
0057 The meta database module 134 is also configured
to communicate with the communications module 100, and

to Store digital image data on a temporary or permanent
basis. The meta database module 134 can include a Storage
medium Such as a conventional database for Storing digital
data.

0.058 FIG. 2 illustrates a generalized data flow diagram
of an exemplary embodiment of the present invention. This
Figure illustrates an exemplary embodiment of the data flow
200 through multiple layers of the DICOM protocol during
transmission of an object or image file between a network
and an application. In this example, the network is repre
sented by the network level 202, and the application is
represented by the application level 204. With reference to
the elements in both FIGS. 1 and 2, the network level 202

can include a DICOM network 102 with a server 128a-n.

The application level 204 can include an associated appli
cation program 101 Such as a medical imaging program
associated with the communications module 100. Alterna

tively, the application level can include an application pro
gram 130 executing on another server 128a-n, i.e. a DICOM
protocol-capable device Such as client computer, in the
DICOM network 102. The communications module 100

facilitates data communication between an associated appli
cation program 101 and the Server 128a-n by creating an
asSociation or connection between the associated application
program 101 and the server 128a-n. The communications
module 100 then handles standard DICOM network protocol

details such as determining which Service Object Pair (SOP)

classes will be used, defining the roles of the SCP and SCU,
negotiating the type of transfer Syntax used to communicate
between protocol layers, and determining other communi
cation parameters according to a DICOM network protocol
or Similar type of protocol for handling objects or digital
images. Note that in alternative configurations, other devices
may be function as a SCP, SCU, or may function as both a
SCP and SCU.

0059) Moreover, the communications module 100 can be
used to transmit or Stream digital data between two devices,
such as memory storage devices, hard drives, CDR, CD-RW,
or any other combinations of two different memory Storage
devices. Those skilled in the art will realize that the com

munications module 100 can also be used to transmit digital
data between other configurations Such as between a net
Work-to-device, or device-to-network, wherein the device
can include memory Storage devices, hard drives, CD-R,
CD-RW, or any other similar types of devices.
0060) Furthermore, the communications module 100
negotiates with the associated application program 101 and
the server 128a-n to define a maximum size of protocol data

unit (PDU) that will be transmitted between the associated
application program 101 and server 128a-n. The maximum
size of the PDU can depend upon the current size of the
memory Storage available and the Overall performance of the

communication network.

0061 Moreover, the communications module 100 can
negotiate to define a predefined or limited number of pre

sentation data values (PDVs) that can be read into a pre
Sentation data value input Stream. The predefined or limited
number of presentation data values (PDVs) can depend upon
the current size of the memory Storage available and/or the
overall performance of the communication network. Alter
natively, the communications module 100 can negotiate to
define a predefined or limited Size of data elements that can
be read into a data input Stream. The predefined or limited
Size of data elements can depend upon the current size of the
memory Storage available and/or the Overall performance of
the communication network. Depending upon the type of
data element being handled by the communications module
100, one or more of these techniques may be used to limit
the consumption of memory resources to a relatively Small,
fixed amount of memory during the transmission of the
particular data element by the invention. Note that a pre

sentation data value (PDV) includes a header and a payload

that can be an array of bytes.
0062. After the association or connection details
described above have been completed by the communica
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tions module 100, the communications module 100 proceeds
to transmit data 206 from the network level 202 to the

application level 204. That is, the communications module
100 processes data 206 received from the server 128a-n

(acting as a SCP in this example) and sends the processed
data to the associated application program 101 (acting as a
SCU in this example). Typically, data 206 is a DICOM

object or DICOM image file that includes one or more data
elements. The data 206 is first handled by at the network
level 202 by the server 128a-n. The server 128a-n transmits
the data 206 through a standard network physical layer 208
such as ETHERNET, ATM, FDDI, etc.

0.063) Next, the data 206 is transmitted from the standard
network physical layer through TCP/IP 210 in the form of
one or more data packets 212. TCP/IP210 converts the data
206 including the DICOM object or DICOM image file into
one or more data packets 212. Those skilled in the art will
recognize the methods and Systems needed to perform this
conversion.

0064. The TCP/IP210 transmits the data packets 212 to
a DICOM protocol layer 214 using sockets 216. The
DICOM protocol layer 214 contains multiple layers includ
ing Transport 218, Upper Level Service 220, Data Service
222, and Service Class 224. Sockets 216 is an application

program interface (API) that facilitates communication

between TCP/IP210 and other network protocols such as the
DICOM network protocol. Those skilled in the art will
recognize the methods and Systems needed to implement
TCP/IP 210, the DICOM protocol layer 214, and sockets

0069. At the application level 204, the input transfer
syntax 238 extracts data elements 240 from the input stream
of bytes and utilizes the data elements 240 as needed by the
asSociated application program 101. The input transfer Syn
tax 238 has an attribute called a streaming threshold. If the
extracted data element is longer than the Streaming thresh
old, then the data element 240 will be a streaming data
element. The Streaming data element is a proxy for the actual
data element 240 which is still present in the input transfer
Syntax 238. The Streaming data element allows incremental
access to its value using the input transfer Syntax 238. The
incremental access is provided by a block of data which the
Streaming data element fills.
0070 For the downward data flow 242 from the appli
cation level 204 towards the network level 202, a data

element source 236 is first moved through the Service class
224. The data element source 236 then passes to the Data
Service 222. At the Data Service 222, a packetizer 244 takes
the data element Source 236 and creates an output transfer
syntax 238. The output transfer syntax 238 processes each of
the data elements from the data element Source 236, and

passes the encoded data elements to the packetizer 244. The
packetizer 244 then takes the encoded data elements and

creates a presentation data value (PDV).
0.071) When PDV is created, the PDV is passed to the

DICOM state machine 246 to be processed. The PDV is then
handed to the Transport level 218 by the DICOM state
machine 246. The Transport level 218 writes out the PDV to
the TCP/IP layer 210 via an output stream of bytes 248

216.

which is the network connection.

0065 TCP/IP 210 transmits the data packets 212 to the
first layer of the DICOM protocol layer 214, known as the
Transport layer 216. The communications module 100
receives the data packets 212 in the Transport layer 216, and
incrementally reads each of the data packets 212 from

0072 The exemplary data flow described above with
reference to FIG. 2 uses only a limited, fixed amount of
memory to process relatively large DICOM objects. The
memory used can be described in terms of the memory usage
scenario as follows. A DICOM object sent from the network
level to the application level can be approximately 600

TCP/IP 210. That is, a communications engine (shown in
FIG. 1 as 104) associated with the communications module
100 reads the data packets 212 one at a time using the
Transport layer 216. Once the data packets 212 are pro
cessed, the communications engine 104 converts the data
packets 208 to protocol data units 226. Protocol data units

megabytes (MB) in size of which approximately 599 MB
may be pixel data (PD) elements. A maximum protocol data
unit (PDU) size is negotiated during the association or
connection, for a maximum size of approximately 20 kilo

(PDUs) 226 can include a header 228 and one or more
presentation data values (PDVS) 230.
0.066 Each PDU 226 is then passed from the Transport

bytes (KB). Furthermore, the association or connection can
define the maximum number of presentation data values
(PDVS) in the presentation data value input stream (PDVIS)
as a predefined limit, i.e. a maximum number of five (5).

layer 218 to the Upper Level Service layer 220 by the
communications engine 104. The PDU can then be trans
mitted to the Data Service layer 222.
0067. The communications engine 104 then extracts the

Note that the predefined limit can be selected depending
upon the Size of a buffer or memory Storage device used to

store presentation data values (PDVS).
0073) If the PDVIS limits the number of PDVs to five (5),

received by the Data Service layer 222. Generally, the
communications engine 104 creates a Presentation Data

DICOM object from the network is (5x20 KB)+20 KB, or

presentation data values (PDVs) 230 from each PDU 226

Value Input Stream (PDVIS) 232 from the PDVs 230. The
communications engine 104 forms a message 234 using the
PDVIS 232.

0068 The communications engine 104 transmits the
message 234 containing the PDVIS 232 to the Service Class
layer 224. At the Service Class layer 224, a data element

the maximum amount of memory required to read the

120KB. The “+20 KB” accounts for the PDUs waiting to be
placed in the PDVIS.
0074 The application program will then write the incom
ing DICOM object to a file, passing the input transfer Syntax

(ITS) as a data element Source to the output transfer Syntax
(OTS) for the file. The OTS will use approximately 10 KB

Source 236 extracts the data elements from the Presentation

to encode the pixel data elements. All other data elements
can be encoded individually as a whole, except for Sequence

Data Value Input Stream (PDVIS) 232 from each message.

data (SQ) elements. Since all other data elements are nor

syntax (ITS) 238 that can be used to parse the data contained

mally relatively smaller than 10 KB, the maximum amount
of memory used to decode the data elements to file should

in the PDVIS 232.

be 10 KB.

The data element source 236 becomes the new input transfer

May 2, 2002

US 2002/0052866 A1

0075 Thus, the total amount of memory used to decode

packet. That is, the communications engine 104 initiates a

from the network and used to encode the file should be

read thread (not shown) through the Transport layer 116 of

approximately 120 KB to decode and 10 KB to encode, or

the DICOM protocol 114. The read thread incrementally
reads and transmits each of the PDUs or DICOM packets,
one at a time, across the Transport layer 116 of the DICOM
protocol 114. The read thread continues processing the
PDUs or DICOM packets until all of the PDUs or DICOM
packets of the digital data to be transmitted from the network

130 KB total.

0076 FIGS. 3-6 illustrate flowchart diagrams of exem
plary embodiments of methods utilized by the present inven
tion. FIGS. 3a-c and FIGS. 4a–b depict network operations
such as reading from and writing to a network, FIGS. 5 and
6 Show file operations Such as reading from and writing to
a file. Utilization of the methods shown in FIGS. 3-6 permit
handling of all possible DICOM data interactions using only
a relatively small, fixed amount of memory. These DICOM
data interactions include DICOM network interactions Such

as reading and writing data from network to a memory
Storage device, reading and writing data from a memory
Storage device to network, and reading and writing from
network to network. Note that other types of DICOM data
interactions using different configurations of memory Stor
age devices and a network can be performed by the inven
tion.

0077 FIGS.3a-c depict a method 300 for reading digital
data from a network to an application. Generally, the digital
data is a DICOM object or image file, the network is a
DICOM communications network, and the application is a
medical imaging application program capable of communi
cating using a DICOM network protocol. The method 300
begins at 302.
0078 304 follows 302. In 304, a communications engine

104 negotiates the size of protocol data units (PDUs).

Establishing the size of PDUs permits the communications
engine 104 to monitor the amount of memory in the buffer
112 needed or desired to process the digital data. Further
more, a predefined number, limit, or size of presentation data

values (PDVs) or another type of data element or quality can
also be established by the communications engine 104
depending upon the amount of memory Storage in the buffer
112 needed or desired to process the digital data. Typically,
these Steps are executed in conjunction with the establish

ment of an association or connection between a Service

Control Provider (SCP) and a Service Control Unit (SCU)

by the state machine 110. The communications engine 104
through the Upper Level Service layer 118 monitors and
controls the state machine 110 throughout the method 300.
0079 304 is followed by 306, in which the communica
tions engine 104 incrementally reads digital data from a
network. For example, the communications engine 104
requests digital data Such as a DICOM image file from a
server 128a-n in a DICOM network 102. The DICOM image
file can include one or more Sets of digital image data. The
Server 128a-n transmits the digital image data Sets to the
communications engine 104 through TCP/IP 126 via sock
ets, an application program interface. The communications
engine 104 receives the digital image data Sets in the form

of DICOM packets or protocol data units (PDUs) from the
server 128a-n.

0080) Note that one skilled in the art will recognize the
methods and Systems needed to create and transmit digital
data through TCP/IP using sockets. Furthermore, protocol
data units (PDUs) and DICOM packets are defined under the
DICOM network protocol previously described above.
0081. 306 is followed by 308, in which the communica
tions engine 104 incrementally reads each PDU or DICOM

have been handled.

0082) 308 is followed by 310, in which the communica
tions engine 104 transmits the PDUs to the Upper Level
Service layer 118. When the PDUs arrive at the appropriate
time during the association or connection, the PDUs are then
transmitted to the Data Service layer 120 by the communi
cations engine 104.
0083) 310 is followed by 312, in which the communica

tions engine 104 extracts presentation data values (PDVs)
from each protocol data unit (PDU). That is, when the PDUs

are received at the Data Service layer 120, the communica
tions engine 104 extracts the presentation data values

(PDVs) from the PDUs. Each protocol data unit includes one

or more presentation data values.
0084 312 is followed by subroutine 314, in which a
presentation data value input Stream is created for an opera
tion message. Subroutine 314 is described in greater detail

with reference to FIG. 3c.

0085. In FIG. 3b, subroutine 314 begins at 350. In 350,
the communications engine 104 creates a presentation data
value input Stream using presentation data values. For the
initial or first protocol data units (PDUs), extracted presen
tation data values (PDVs) received by the communications
engine 104 are used to create a presentation data value input
stream (PDVIS). For subsequent PDUs, the extracted PDVS
can be inserted into an existing presentation data value input
Stream or a new presentation data value input Stream is
created when needed. A presentation data value inputStream
is essentially a string of presentation data values (PDVS)
from one or more PDUs that can be transmitted using a
relatively Small, fixed amount of memory. The presentation
data value input stream (PDVIS) forms the basis of an
operation message.
0086 The communications engine 104 continues to
transmit each extracted PDV incrementally or one at a time
to the Data Service layer 120. The Data Service Layer 120
inserts each PDV in a presentation data value input Stream
(PDVIS) as described above. The PDVIS can be limited to
storing a predefined or limited number of PDVS at any given
instant of time. Typically, the PDVIS is limited to storing
five (5) PDVs at a time. Note that the predefined or limited
number can be set according to the size of a buffer or other
memory storage device to store the PDVS and/or PDVIS.
0087 350 is followed by decision block 352, in which the
Data Service layer determines whether the predefined or
limited number of PDVS has been reached. In this manner,

the transmission of image data can be controlled incremen
tally to minimize the amount of memory Storage Space
needed to proceSS all of the image data. The data element
Source 106 processes PDVS incrementally or one at a time,
and transmits each PDV to the PDVIS. If a predefined or
limited number of PDVS is reached, then the “YES” branch

is followed to 354. For example, if the predefined or limited
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number of PDVS is previously set to five (5), and there is

already the predefined or limited number of PDVS in a
particular PDVIS, then the limit has been reached. In this

manner, the invention can monitor and limit the use of

memory to a relatively Small, fixed amount of memory that
can be used for the transmission of digital data Such as
DICOM data. Note that in some instances, a predefined or
limited Size may be set depending upon the size of the buffer
112 or memory Storage device. In this manner, pixel data

(PD) elements and relatively larger DICOM objects may be
handled in relatively Small, fixed size portions of data.
0088. In 354, the communications engine 104 delays
further processing of presentation data values until a pre
Sentation data value can be read from the presentation data
value input Stream. The communications engine 104
instructs the Data Service layer 120 to wait until a presen

tation data value (PDV) is read from the presentation data
value input stream (PDVIS). That is, the communications

engine 104 sends a command to the Data Service layer 120
that temporarily prevents the Transport layer 116 from
reading any further PDVs to the PDVIS, until a PDV is read
from the PDVIS. When a PDV is read from the PDVIS, the

communications engine 104 instructs the Data Service layer
120 to permit the Transport layer 116 to continue to pass
PDVs to the PDVIS until the predefined or limited number
of PDVS is reached.

0089. Returning to decision block 352, if a predefined or
limited number of PDVS is not reached, then the “NO”
branch is followed, in which the Subroutine 314 ends and the
method 300 continues at 316.

0090. In 316, the Message Service determines which
operation the operation message corresponds to. Typically,
once an operation message is created by the communications
engine 104 in Subroutine 314, the communications engine
104 sends the operation message including the PDVS and

PDVIS to a Message Service (not shown). The Message
Service is a component of the Data Service Layer 120 of the
DICOM protocol 114.
0091. In the DICOM network protocol, an operation is

defined by a Service Object Pair (SOP). During the initial
asSociation or connection established by the State machine
110, one or more SOPs can be identified. Utilizing the SOPs,
the Message Service determines whether a message has a
matching or corresponding operation.
0092) 316 is followed by 318, in which the Message
Service transmits the operation message to the correspond
ing operation. When a SOP is identified by the Message
Service as a corresponding match for a message, then the
operation message is transmitted to the corresponding opera
tion.

0093. 318 is followed by 320, in which the operation
message is queued by the corresponding operation for
Subsequent processing. Once the message is queued, the
method 300 continues at 320 in FIG. 3c.

0094) 320 is followed by 322, in which the queued
messages are processed by each respective operation. All of
the operations that receive at least one queued operation
message will initiate a thread. For each operation, each
thread then processes each queued operation message one at
a time. Each queued operation message is then passed to the
corresponding Service that the operation message was cre

ated for. Note that each operation has a corresponding
Service or SOP, as defined by the DICOM network protocol.
Each thread continues to process each operation message
until each queued message for each respective operation has
been processed.
0.095 322 is followed by 324, in which the Service
extracts data elements from the presentation data value input

stream (PDVIS).
0096) 324 is followed by 326, in which the Service
creates a new Input Transfer Syntax (ITS). The Service
utilizes the presentation data value input stream (PDVIS) to
create a new ITS that can be used to parse the data contained
in the PDVIS. The data contained in the PDVIS will be a

series of presentation data values (PDVS). Typically, the data
values are encoded, and the input transfer Syntax can be used
to convert the coding to a representation that can be under
stood as a Standard memory representation for the data
elements. The parsed data can then be Streamed by the
communications engine 104 to a data element source 106.
0097. 326 is followed by 328, in which the data element
Source 106 incrementally reads the parsed data Stream. Each
Service utilizes the data element source 106 to read one
block of data elements at a time from the data Stream

contained in the presentation data value input Stream

(PDVIS). The input transfer syntax (ITS) can also be utilized

to incrementally read the data elements through the data

element Source 106.

0098. At least two types of data elements can be handled
by the Service at the data element source 106: Sequence data

(SQ) and pixel data (PD). The SQ data element can be a data
element that contains one or more Sets of data elements. SQ

data elements can be processed recursively. That is, a set of
data elements can be processed one data element at a time.
The PD element is one of the largest data elements in a
DICOM object or image file. The PD elements can be

composed of a raw data array of bytes (8-bit) or words
(16-bit). This type of data element allows additional layers

of Streaming. The Service can obtain pixel data incremen
tally, thus minimizing the need to obtain all of the PD values
in memory at a single instance of time. Note that pixel data

(PD) elements and other DICOM objects can be relatively
large. The invention allows pixel data (PD) elements and

DICOM objects of all sizes to be handled in relatively small
portions over time.
0099 326 is followed by 328, in which the method 300

ends.

0100 FIGS. 4a–b illustrate a second exemplary method
of the present invention. As follows, FIGS. 4a–b describe a
method 400 for writing data from an application to a
network or to another application. Generally, the data is a
DICOM object or image file, the network is a DICOM
communications network, and the application is a medical
imaging application program capable of communicating
using a DICOM network protocol.
0101. In 402, the method 400 begins.
0102) 402 is followed by 404, in which the communica
tions engine 104 calls upon a data Set. Typically, when a user
interacts with an associated application program 101, or
alternatively, an application program 130 executing on a
server 128a-n in a DICOM network 102, the user may desire
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to perform a particular function on a particular DICOM
object or image. The user may Select a corresponding
command function in the associated application program
101 or application program 130 that corresponds with a
particular Service of the application program 101, 130 or
network 102. Upon receipt of the command function, the
Service locates a corresponding data Set for the communi
cations engine 104. Note that a data Set can be one or more
data Sets, each data Set comprising one or more data ele
ments. The data set for a DICOM object or image can be
Stored in an associated memory device Such as a media
storage module 132 or meta database module 134.
0103) 404 is followed by 406, in which the selected

Service creates a new output transfer syntax (OTS) for the
data Set. When a Service receives a command function, the

Service creates a new output transfer syntax (OTS) to handle
the data set. The OTS can format and convert a data set into

a data Stream Such as a byte Stream. The data Set may be a
data element Source. The OTS can also format and convert

a data element Source into a data Stream Such as a byte

stream. A data element source (DES) is a forward iterator
over a conceptual Set of data elements. For example, an input
transfer Syntax (ITS) can produce a data element Source
(DES) for a particular set of presentation data values
(PDVs).
0104 406 is followed by 408, in which the Service
creates a governed data set input stream (GDSIS). Using the
output transfer Syntax, the Service creates a governed data

set input stream (GDSIS). Using its own thread, a GDSIS
can then convert a data set or data element Source to a data

Stream Such as a byte Stream using the output transfer
syntax. The GDSIS can convert the data set or data element
Source to a data Stream using only a relatively Small, fixed
amount of memory.
0105 Typically, the output transfer syntax takes each

0108) 414 is followed by 416, in which the Message
Service determines the corresponding operation for the
meSSage.

0109) 416 is followed by 418, in which the Message
Service passes the message to the Data Service layer 120.
0110 418 is followed by 420, in which the Data Service
layer 120 decodes the governed data Set input Stream from
the message. Generally, the Data Service layer 120 receives
the message from the Message Service. The Message Ser

vice extracts the governed data set input stream (GDSIS)
from the message and reads bytes from the GDSIS. The
Message Service continues to read bytes from the GDSIS
until the Message Service can construct a protocol data unit

(PDU). The method 400 then continues at 420 in FIG. 4b.
0.111) 420 is followed by 422, in which the Message
Service sends a protocol data unit (PDU) to the Transport

layer 116. Typically, when the association or connection is
open, the Message Service can send the PDU through the
Upper Service Level layer 118 to the Transport layer 116.
0112 422 is followed by 424, in which the Transport
layer 116 transmits the protocol data unit to a receiving
application. Generally, the Transport layer 116 transmits the

protocol data unit (PDU) through the TCP/IP layer 126, and
then through the DICOM network 102 to the application
program 130.
0113 424 is followed by decision block 426, in which the
Message Service determines whether all of the data elements
have been converted to a byte Stream by the data element
Source 106. If all of the data elements have been converted,
then the “YES branch is followed to 428.

0114. In 428, the method 400 ends.
0115 Returning to decision block 426, if not all of the
remaining data elements have been converted, then the

data element one at a time from the data Set or data element
Source and encodes each data element into a Series of data

“NO’ branch is followed to 420. The method 400 returns to

elements or a data Stream. At least two different types of data
elements can be processed by the output transfer Syntax:

data set input stream (GDSIS).
0116 FIG. 5 illustrates a third exemplary method of the

Sequence data (SO) elements and pixel data (PD) elements.
In the case of Sequence data (SQ) elements, SQ elements
contain sets of data elements. When SQ elements are read by
the output transfer syntax (OTS), the OTS recursively pro
ceSSes one data element at a time from one particular set of
data elements. In the case of PD elements, PD elements

contain a large array of bytes or words. When PD elements

are read by the output transfer syntax (OTS), the OTS

processes these as chunks or Small, fixed sizes of data
elements. In any case, only a relatively Small, fixed size of
memory is used by the OTS to process the data elements.
The Service can obtain pixel data incrementally, thus mini
mizing the need to obtain all of the PD values in memory at

a single instance of time. Note that pixel data (PD) elements
and other DICOM objects can be relatively large. The

invention allows pixel data (PD) elements and other DICOM

objects of all sizes to be handled in relatively small portions

over time.

0106 408 is followed by 410, in which the Service
packages the governed data Set input Stream in an operation
meSSage.

0107 410 is followed by 412, in which the Service sends
the message to a Message Service.

420 as necessary to complete processing of the governed
present invention. FIG. 5 describes a method 500 for
reading data from a file. Generally, the data is a DICOM
object or image file, and the file can be associated with an
asSociated application program 101 or application program
130 Such as a medical imaging program capable of com
municating using a DICOM protocol. The file may be
previously stored on a Storage device or System Such as a
Server 128a-n operating in conjunction with a communica
tions network Such as DICOM network 102, or a media

Storage module 132, or meta database module 134 as
described previously. In FIG. 5, the method 500 begins at
502.

0117 502 is followed by 504, in which the communica
tions engine 104 creates a file input Stream for an image file.
A file inputStream can be an inputStream of bytes. Typically,
when a user decides to read image data or objects from a file,
the user Selects an application command to read an object or
image file. For example, an associated application program
101 can permit a user to Select a command to read a file
containing a DICOM object or image file. When the par
ticular command is Selected, the associated application pro
gram 101 then creates a file input stream for the DICOM
object or image file to be read in a System containing the
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DICOM object or image file. The file input stream is a
forward iterator over a portion of bytes or data elements in
a file. The file input Stream can be read from the beginning
to the end in a single direction. The System can be a server
128a-n, media Storage module 132, or meta database module
134 as defined previously.
0118) 504 is followed by 506, in which the communica

tions engine 104 creates an input transfer syntax (ITS) to
read the image file. Generally, the communications engine

104 creates an input transfer syntax (ITS) using the previ

ously created file input Stream. The input transfer Syntax can
then be used to read data elements from the corresponding
object or image file.
0119) 506 is followed by 508, in which the data element
Source 106 incrementally reads each data element from the
file input stream. The data element source 106 utilizes the

input transfer Syntax (ITS) to incrementally read one data

0124 604 is followed by 606, in which the application
program 130 creates an output transfer syntax (OTS) to
write the image data to the object or image file. Generally,
the associated application program 101 or application pro

gram 130 creates an output transfer syntax (OTS) using the
previously created file output Stream. When an output trans

fer syntax (OTS) is created, the file output stream is one

argument used to create the output transfer Syntax. The OTS
can then be used to write the image data to the corresponding
object or image file.
0125 606 is followed by 608, in which a data element
sink 108 incrementally writes each data element to the file
output stream. That is, the data element sink 108 utilizes the

output transfer syntax (OTS) to incrementally write one data
element or one block of data elements at a time to the file

output stream. As described in FIG. 5 above, at least two
different types of data elements can be processed: Sequence

input Stream. At least two different types of data elements

data (SQ) elements and pixel data (PD) elements. In the case
of Sequence data (SO) elements, SQ elements contain sets of
data elements. When SQ elements are written by the output
transfer syntax (OTS), the OTS recursively processes one

elements, SO elements contain sets of data elements. When

data element at a time from one particular Set of data

element or one block of data elements at a time from the file

can be processed: Sequence data (SQ) elements and pixel
data (PD) elements. In the case of sequence data (SQ)
SQ elements are read by the input transfer syntax (ITS), the

ITS recursively processes one data element at a time from
one particular set of data elements. In the case of PD
elements, PD elements contain a large array of bytes or
words. When PD elements are read by the input transfer

syntax (ITS), the ITS processes these as chunks or small,

fixed sizes of data elements. In any case, only a relatively
Small, fixed size of memory is used by the ITS to process the

data elements.

0120) 508 is followed by 510, in which the communica
tions engine 104 closes the input transfer syntax (ITS). That
is, after all of the data elements have been read by the data
element Source, the communications engine closes the input
transfer Syntax is closed and no further processing of the
data elements is performed by the data element source 106.
0121) 510 is followed by 512, in which the method 500

elements. In the case of PD elements, PD elements contain

a large array of bytes or words. When PD elements are

written by the output transfer syntax (OTS), the OTS pro
ceSSes these as chunks or Small, fixed sizes of data elements.

In any case, only a relatively Small, fixed size of memory is

used by the output transfer syntax (OTS) to process the data
elements.

0126 608 is followed by 610, in which the communica
tions engine 104 closes the output transfer syntax (OTS).
That is, after all of the data elements have been written by
the data element sink 108 to the file output stream, the output
transfer Syntax is closed by the communications engine 104,
thus effectively closing the file now containing the object or
image file.
0127. 610 is followed by 612, in which the method 600

ends.

ends.

0.122 FIG. 6 illustrates a fourth exemplary method of the
present invention. FIG. 6 describes a method 600 for writing
data to a file. Generally, the data is a DICOM object or image
file, and the file can be associated with an application Such
as a medical imaging program capable of communicating
using a DICOM protocol. The file may be previously stored
on a Storage device or System Such as a Server operating in
conjunction with a network such as DICOM communica
tions network. In FIG. 6, the method 600 begins at 602.
0123 602 is followed by 604, in which the communica
tions engine 104 creates a file output Stream. A file output
Stream can be a output Stream of bytes. Typically, when a
user decides to write image data to a file, the user Selects a
command from an associated application program 101 or
application program 130 to write data to an object or image
file. For example, an associated application program 101 can
permit a user to Select a command to write image data to a
file configured for storing a DICOM object or image. When
a particular command is Selected, the application program
130 then creates a file output stream for the image data to be
written to a system containing the DICOM object or image
file. The System can be a Server 128a-n, media Storage

0128 FIG. 7 shows a representative illustration of data
contained in a DICOM image file. This particular example

module 132, or meta database module 134 as defined

previously.

is a magnetic resonance image (MRI) DICOM image file
700. In this example, the first 794 bytes are used for a
DICOM format header 702. The format header 702

describes the image dimensions and retains other text infor
mation about the Scan. The size of this header 702 varies

depending upon how much header information is Stored. The
example shows the dimensions of the image as 109x91x2
pixels, with a resolution of 1 byte per pixel, thus the total
image size will be approximately 19,838 bytes.
0.129 Image data 704 is stored in the file portion follow
ing the header 702. The image data is also stored in the same
file as the header 702 and associated information.

0130 FIG. 8 illustrates data contained in a DICOM
image file. In this example, the DICOM header format
requires a 128-byte preamble. Typically, in a DICOM header
format, the 128 byte preamble is usually set to zero. The
128-byte preamble is then followed by the letters “D”, “I”,
“C”, and “M”. Header information then follows the last

letter “M”. The header information can be organized into
one or more portions called "groups”. For example, a group
“0002hex” can designate the file meta information group.
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This group can define three elements Such as group length,
file version, and transfer syntax. The DICOM data elements
defined in each group depends upon the image type. A
representative Sample of data elements that can be defined is
listed in Part 3 of the 2000 DICOM standard. For example,

a magnetic resonance (MR) image file can be designated by

element 0008,0060. This type of image file can include one
or more elements to describe MRI echo time.

0131 Alternative embodiments will become apparent to
those skilled in the art to which the present invention
pertains without departing from its Spirit and Scope. Accord
ingly, the Scope of the present invention is defined by the
appended claims rather than the foregoing description.
We claim:

1. A method for communicating digital data from a first
device to a Second device using a fixed amount of memory,
wherein the digital data defines data elements, comprising:
providing an inputStream of bytes representing the digital
data from the first device;

creating a data element Source from the input Stream of
bytes,
creating an output Stream of bytes representing the digital
data received at a Second device;

creating a data element Sink configured to provide one or
more bytes to the output Stream of bytes,
creating a communication engine configured to use the
data element Source and data element Sink,

requesting a data element from the data element Source;
converting the next bytes from the input Stream of bytes
to a data element;

10. The method of claim 9, wherein a data element sink

is created from the output Stream of bytes.
11. The method of claim 10, wherein the data element sink

comprises an output transfer Syntax created from the output
Stream of bytes.
12. The method of claim 1, wherein the second device is

a network comprising a network connection configured for
receiving an output Stream of bytes.
13. The method of claim 12, wherein the output stream of
bytes comprises a packetizer configured to create protocol
data units containing presentation data values.
14. The method of claim 13, wherein the data element

Sink provides bytes to the packetizer.

15. The method of claim 14, wherein the data element

Sink is an output transfer Syntax created with the packetizer.
16. The method of claim 1, wherein the data element

Source comprises an input transfer Syntax further comprising
a streaming threshold configured to provide a byte limit.
17. The method of claim 16, wherein if the byte limit is
exceeded by a stream of bytes comprising a data element,
then the data element is a streaming data element.
18. The method of claim 17, wherein the streaming data
element comprises incremental values obtained from the
input transfer Syntax.
19. The method of claim 1, wherein the data element sink

is provided a Streaming data element, and the data element
Sink comprises an output transfer Syntax.
20. The method of claim 19, wherein the data element

Sink requests from the Streaming data element values in
fixed block size.

21. The method of claim 20, wherein the output transfer
Syntax encodes the Streaming data element values as each
block is received.

22. The method of claim 1, wherein the first device is any
device capable of providing an input Stream of bytes.
23. The method of claim 22, wherein the first device

providing the data element to the data element Sink, and
converting the data element to bytes and providing the
bytes to the output Stream of bytes.

consists of one of the following: a database, a tape, a CD, a
Storage medium.

2. The method of claim 1, wherein the first device is a file

any device capable of receiving an output Stream of bytes.

System comprising at least one Selectable file configured for
conversion to a stream of bytes, and wherein the data
element Source can be created.

3. The method of claim 2, wherein the data element Source

comprises an input transfer Syntax.

4. The method of claim 1, wherein the first device is a

network comprising
a network connection configured for providing the input
Stream of bytes.
5. The method of claim 4, wherein the input stream of
bytes comprises protocol data units containing presentation
data values, the presentation data values comprising byte
arrayS.

6. The method of claim 4, wherein the byte arrays can be
placed in a presentation data value input Stream.
7. The method of claim 6, wherein the data element Source

comprises an input transfer Syntax created from the presen
tation data value input Stream.
8. The method of claim 6, wherein the presentation data
value input Stream is limited to buffering a predefined or
limited number of presentation data values.
9. The method of claim 1, wherein the second device is a

file System comprising a file with an output Stream of bytes.

24. The method of claim 1, wherein the second device is
25. The method of claim 23, wherein the first device

consists of one of the following: a database, a tape, a CD, a
Storage medium.
26. A method for communicating digital data from a first
device to a Second device using a fixed amount of memory,
wherein the digital data defines data elements and data
Values, comprising:
defining a limited number of data values to be Stored in a
data Stream;

incrementally reading a Set of data elements from a first
device So that each data element is read one at a time;

extracting a data value from each data element;
creating a data Stream with only a limited number of the
data values,

if the predefined limit of data values is reached, then
transmitting the data Stream containing the limited
number of data values to a Second device; and

extracting the data values from the data Stream.
27. The method of claim 1, wherein defining a limited
number of data values further comprises:
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negotiating an association between the first device and the
Second device.

and transmitting the data values to a Second device.
40. The method of claim 39, wherein the file consists of

30. The method of claim 1, wherein the digital data
consists of one of the following: a DICOM object, a DICOM
image file, or an object that can be transmitted using a
DICOM-based communications network protocol.
31. The method of claim 1, wherein defining a limited

one of the following: a DICOM object, a DICOM image file,
or an object that can be transmitted using a DICOM-based
communications network protocol.
41. The method of claim 39, wherein creating a data
element Source further comprises:
creating an input transfer Syntax configured to incremen
tally read a Single data value at a time.
42. The method of claim 39, wherein creating a data
element Source further comprises:
creating an output transfer Syntax configured to incremen
tally write a Single data value at a time.
43. The method of claim 39, wherein incrementally pro
cessing the data values one at a time from the data Stream
through the data element Source, further comprises:
defining a maximum number of data values to be Stored

number of data values to be Stored in a data Stream Sets the
number of data values at five or leSS.

44. The method of claim 39, wherein the data elements are

28. The method of claim 1, wherein transmitting the data
Stream further comprises:
defining a message prior to transmission which contains
the data Stream and data values,

determining an appropriate operation for the message, and
queuing the message for Subsequent processing.
29. The method of claim 1, wherein extracting the data
values from the data Stream further comprises:
creating a transfer Syntax that can be used to parse the data
values contained in the data Stream.

32. The method of claim 1, wherein the data elements are

protocol data units, and the data values are presentation data
values.

33. The method of claim 1, wherein the data consists of

Sequence data elements defining Sets of data elements, and
incrementally reading the received set of data elements. So
that each data element is read one at a time, further com

prises:
incrementally processing a set of data elements, one data
element at a time, until all of the data elements from all

of the Sets of data elements have been processed.
34. The method of claim 1, wherein the data consists of

pixel data elements defining data arrays of bytes, and
incrementally reading the received set of data elements. So
that each data element is read one at a time, further com

prises:
incrementally processing a data array of bytes as a block
of data elements.

in a data Stream at five or leSS.

protocol data units, and the data values are presentation data
values.

45. The method of claim 39, wherein the data consists of

Sequence data elements defining Sets of data elements, and
incrementally processing the received set of data values So
that each data value is read one at a time, further comprises:
incrementally processing a set of data values, one data
value at a time, until all of the data values from all of

the sets of data elements have been processed.
46. The method of claim 39, wherein the data consists of

pixel data elements defining data arrays of bytes, and
incrementally processing the received set of data values So
that each data value is read one at a time, further comprises:
incrementally processing a data array of bytes as a block
of data values.

47. The method of claim 39, wherein the data stream is a

presentation data value input Stream.

48. The method of claim 39, wherein the first device is a

35. The method of claim 1, wherein the data stream is a

Storage medium and the Second device is a network.

36. The method of claim 1, wherein the first device is a

network and the Second device is a storage medium.
50. An apparatus for Streaming digital data between two
devices in a network using a fixed amount of memory,
comprising:
a communications module comprising,
a data element Source configured for providing a set of

presentation data value input Stream.

network and the Second device is a network.

37. The method of claim 1, wherein the first device is a

network and the Second device is a storage medium.
38. The method of claim 1, wherein the first device is a

Storage medium and the Second device is a network.
39. A method for communicating a file containing digital
data from a first device to a Second device using a fixed
amount of memory, wherein the digital data defines data
elements and data values, comprising:
receiving a file containing digital data from a first device;
extracting a data value from each data element to be
communicated;

creating a data Stream containing data values for the file
containing digital data;
creating a data element Source based on the data Stream;
incrementally processing the data values one at a time
from the data Stream through the data element Source;

49. The method of claim 39, wherein the first device is a

data elements from a first device, and further con

figured for incrementally reading a single data ele
ment at a time from the Set of data elements,

a communications engine configured for transmitting
each data element from the data element Source; and

a data element Sink configured for incrementally
receiving data elements from the data communica
tions engine for encoding each data element into a
data Stream, and further configured for transmitting
the encoded data Stream to a Second device.

