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INTRODUCTION AND RATIONALE

Specidized sKills required for the delivery of patient care tha are unavalable a the
location of the paient may be provided remotdy through tdemedicine. Using
eectronic media for the trangmisson of images, audio, and patient data, experts
located many miles from the patient may participate in diagnoss and trestment. Such
methods have been shown to improve  access to qudity hedth care in isolated
settings and increase the productivity of specidists by permitting them to agpply their
kills efficiently over awide geographic area.

The @gpplication of tdemedicine to the trangmisson of diagnosic images
(teleradiology) has evolved rapidly in recent years. Tderadiology is now used to
transmit conventiond  radiographs, mammograms, computed tomographic  (CT),
magnetic resonance (MR) and ultrasound (US) images® Teeradiology employs a
vaiety of methods for image acquisition, compresson, encryption, transmisson and
disdlay, and diagnostic imege qudity may be dgnificantly affected by the methods
used to digitize, transmit, receive and display images using teleradiology.? Although
dandards such as DICOM (Digitd Image Communication in Medicine) have been
developed to facilitate the trandfer of digital medica images, problems exig in the
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uniform application of this sandard to teleradiology usng imeges produced by
equipment for different vendors® While a comprehensive functiond requirements
definition is found in the American College of Radiology (ACR) Standard for
Tdeadiology, no single document currently addressss  spedific  minimum
requirements for acceptable quality and daa integrity. With the proliferation of low
cod, high bandwidth data links and incressngly powerful computer processng
capability, an opportunity exids for the widespread implementation of quality
teleradiology support for remote and underserved aress. In order for this to occur
eficently, dandardized protocols addressng  minimum  requirements  for
teleradiology are needed. We propose, in this document, to define minima essentid
requirements for telesonography-the teleradiology of ultrasound images and data.

The development of these essentids is an initid sep toward the development of
forma sandards related to teleradiology of ultrasound and other medicd images
When completed, these standards will provide the bass for improved application of
telemedicine for patient care in both urban and rura aress, as wdl in crewed space
projects and in exchange of data among research centers.

GENERAL REQUIREMENTS

There ae severd fundamenta concepts that apply to telesonography. These are
reflected in the following generad requirements. In most cases, these principles will
goply to dl forms of tderadiology and, therefore, form the framework for a generic
standard reated to the transmission of medicad images.

1. Diagnogtic equivdlence. The premise underlying these essentids is that the
information provided to a physcian reviewing studies by teleradiology should
be aufficent to pemit a primay find diagnoss, without reliance on later
review of origind images or other image data. The primary determinant of the
acceptability of a teleradiology system therefore is its ability to provide the
viewer with images and data of the same diagnogtic content as the source
images. The tderadiology system, protocols, and qudity assurance must
provide the reviewing physcian the same diagnogicdly equivaent content
and equivdent qudity of information as would be expected if the study were
performed and interpreted on Ste, without the use of teleradiology.

2. Dependence on practice standards. The single most important determinant
of the qudity of ultrasound image information and related ultrasound data
recéved a the remote dte is the qudity of the study peformed by the
sonographer and/or physcian examining the patient. Ultrasound examinations
should therefore be conducted in compliance with published standards of the
ACR, the American Inditute of Ultrasound in Medicine (AIUM), or other
recognized standard-setting bodies that relate to personnd qudifications,
conduct of examinations, and communicatiions. These include the ACR
Standard for Teeradiology,* the ACR Standad for Digitd Image
Management,’ the ACR Sandad for Diagnostic Medicd Physics
Performance Monitoring of Red Time B-mode Ultrasound Equipment? the
ACR Sandad for Peforming and Interpreting Diagnostic Ultrasound
Examindions’ and other rdevant AIUM and American Association of
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Physcigs in Medicine (AAPM) dandards pertaining to image qudity and
interpretation standards.

3. Conformance levels. The requirements for telesonography of ultrasound
data in a given sdting are influenced by the dlinicd sdting, the urgency for
interpretation, and the type of ultrasound examinaion peformed.
Requirements for examination content such as daic imeges, multiframe
images (cine loops) or red-time video, vary with the type of examination and
the protocols in use. Snce the transmisson of multiframe images and real-
time video impose specid requirements for teleradiology, three conformance
levelsfor telesonography are proposed.

Conformance Level 1- Sonographic sudies conasting of one
or more Single still satic grayscale or color images.

Conformance Level 2 — Leve 1 dudies plus multiframe image
sequences (e.g., cine loops).

Conformance Level 3 — Leve 2 plus red-time streaming video.

4. Reationship to Technicd Standards. Where applicable, conformance with
DICOM standards ® is strongly recommended. Minimal DICOM requirements
for telesonography are provided in Appendix |. Streaming video and other
image formats currently not addressed by DICOM should use open standards
for hardware and software to implement such features as videoconferencing,
and Web-based access.

5. Security and Confidentidity. Teleradiology requires that medical images
and text be transmitted over common cariers. Therefore, it is essentid that
patient confidentidity be maintained. Inditutional policies and procedures
related to security and confidentidity of patient data and compliance with the
Hedth Insurance Portability and Accountability Act of 1996 ( HIPAA)®
should apply to dl telesonography transactions.

6. Daa Integrity and Preservation of Diagnogtic Qudity. Diagnostic image
qudity must be presarved in image transmisson. The ultimate determinant of
image qudity is the physcian. Thus while cetain physcd parameters, such
as the image dze, the number of bits, and the frame rate, etc. must be
preserved; the use of lossy image compression is dlowable, provided that the
diagnogtic qudlity is not degraded.

SPECIFIC REQUIREMENTS

A tdesonography sesson may be viewed as a saies of image handling and
processng dSeps involving the acquistion of image data in a digitd form, the
transmisson of these data and the viewing of the digitd image information a a
remote location. Each of these steps influences the overdl performance of the system
and has the potentid to degrade image quality. Specific requirements intended to
ensure reasonable system performance and presarvaion of diagnogtic image qudity
are outlined in the following paragraphs.
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1. Networking and Bandwidth. A key factor influencing sysem performance
is the time necessary to transmit a diagnostic study from its source to the
interpreting physdan. Transmisson time is lagdy a function of the
bandwidth of the network used in transmisson and the amount of deata to be
transferred. In addition to bandwidth, other consderations can affect system
performance. In generd, network connections used for telesonography should
mest the following criteria

* Network bandwidth must be adequate to ensure timey
transmisson of the image data Appendix Il outlines bandwidth
requirements for telesonography for each levd of compliance
and provides examples of trangmisson times for images a
severd levels of losdess and lossy compression.

* Network uptime must be commensurate with the urgency of
the studies being read.

* Nework security should comply with the security
requirements of the indtitution providing the data

* Image transmission methods must be fault-tolerant.

* Where gpplicable, a negotiated qudity of service is
encouraged.

2. Digllay. The remote display device must permit replication of the origind
image qudity. Display requirements are identicd for dl conformance leves
defined on page 3. The remote display sysem must replicate the origina
image in terms of dze and pixe matrix and provide 8 bit-gray scae or 24-hit
color display. It shdl have spatid, contrast, color, and tempord resolutions so
as to render images a no less than the resolutions obtained at the originating
gte. The display monitor should meet minimum sandards with respect to
screen Size, pixels, contrast ratio, dot pitch, number of images per monitor
screen, and text display such that images may be displayed a ther native
resolution in a Sze compardble to that avalable in the primary location. In
addition, the display monitor must be capable of displaying patient
demographics and dl other information displayed a the primary location
induding image labds, information presented in look-up tables (eg., for fetdl
age, €c.), anaomic orientation, and scanning parameters.  Information
regarding image trangmisson parameters such as compresson mode, and
bandwidth, etc. should aso be displayed on the monitor.

3. Veificaion of Image Qudity. The god of veification methods is to
provide a rapid means for an observer to assess and establish that the image
received is diagnodicdly equivdent to the origind. This should be
accomplished by evduation of a dde-by-sde display of a locdly stored
verson of a test image and the tranamitted verson of the same test image.
This evduation should be peformed by the physician interpreting the remote
image a the initiation of every reading sesson. The criterion for verification
of image qudity is the assessment of the interpreting physcian tha the
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diagnogtic qudity of the tranamitted image is equivdent to that of the test
image.

The verification process should include an automatic disolay of the test
images a the initigion of a tdesonography sesson and  require
acknowledgement by recaver of sdisfactory imege qudity. 1dedly this
should be accomplished by an automatic display of the reference and
trangmitted test images a the time of sesson initiation as a pat of the log-on
vdidation process with acknowledgement by the receving physcian of
satisfactory image qudlity.

The key for assuring tha image qudlity is mantained is the avalability and
regular use of standard methods and procedures to evauate image acquisition,
trangmisson, and display peformance. Testing should check overdl system
performance sufficiently to ensure that the cepture, transmisson, and display
processes do not ggnificantly degrade the image or information being
trangmitted. In addition, it is important that the test procedures be done
quickly (no more than 2 to 3 minutes) and be used a the initigtion of every
telesonography session. Findly, the test tools and procedures should be based
on the assessment of the image qudity by comparison with a reference imege
or image &t by the physician responsble for interpretation of the transmitted
study.

Test gpparatus and methods should be easy to implement, resde on or be
integra to the sysem beng evaluated whenever possble, and utilize visud
inspection as much as possible. Image test patterns are the preferred means of
asessing system peformance.  Depending on the particular aspect of system
performance being evaluated, the test patterns would be resident on the system
under evauation (eg. acquigtion, transmisson or PACS, display) for
comparison with another pat of the sydem following acquistion or
trangmisson.

Test procedures to verify preservation of diagnogic information during data
acquigtion, trangmisson and display are outlined below. Although some of
the tests and methods relate to specific steps of the telesonography process,
the objective of these measures is not to evauate each step separatdy and
independently, but rether to evduate the overal performance of the system.
Recommended procedures and troubleshooting dtrategies are further detailed
in Appendix I11.

Data Acquisition: During the acquistion phase, the primary god is
to confirm tha the origind image quaity has been preserved.
Images used in telesonography may be acquired by direct digitd
capture of image data, by video digitizer to capture a frame from
the video disgplay dgnd and by scanning a printed film usng a
scanner of sufficient qudlity.

Direct digitd capture (usudly into a PACS sysem) should be
teted and verified as pat of the initid PACS sysem sgtup,



precluding the need for further verification as a source for
telesonography purposes.

Video digitizer peformance will vay with the qudity of the
product used. Therefore, each digitizer should be independently
evauated in accord with procedures in Appendix IV(A). Specid
requirements for acquidtion of multiframe images (cine loops) and
dreaming video ae dso addressed in Appendix 1V (B, C).
Veificaion should be peformed a the initiaion of each
telesonography session.

Printed film scanner performance will vary with the qudity of the
product and thus each scanner should be independently evauated
in accord with procedures in Appendix V(D). Verification should
be performed at the initiation of each telesonography sesson.

Image Transmission: The primary god of peformance evauation
during the transmisson phase is to ensure that transmission does
not degrade the image and that error-correcting agorithms are a
pat of the process. In order to reduce transmisson time, image
compresson may be used. Compresson is dlowed insofar as it
mests the following requirements:

» Lossy and losdess compression are dlowed for al compliance
levels provided there is no compromise of diagnostic
informetion.

» Compresson must be explicitly described and dlowed by the
Site policy and procedures manud.

* Images subjected to lossy compression must be so marked.

Veification of qudity of tranamisson is accomplished by
evduation of a Sde-by-sde display of a localy stored verson of
the test image and the transmitted verson of the same test image.
This evduaion should be peformed by the physician interpreting
the remote image a the initiation of every reading sesson. The
criterion for verification of image qudity is the assessment of the
interpreting physician that the diagnogic qudity of the transmitted
imageis equivaent to that of the test image.

Display: The primary god of display evauation is to confirm that
the origind image qudity is replicated on the remote display
device. Devidions in the qudity of the image displayed a the
remote dte from the source image may reflect problems with the
display itsdlf, or with image acquidtion or transmisson.

Veificaion of display qudity is accomplished by evaudtion of a
Sde-by-sde display of a locdly stored verson of the test image
with the trangmitted verdon of the same tet image. This
evduation should be peformed by the physcian interpreting the
remote image a the initiation of every reading sesson. The
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criterion for verification of image qudity is the determination by
the interpreting physician that the diagnogtic qudity of the image
test patterns being compared is equivaent. In addition, procedures
to evduate proper operation of the remote display should include
the ability to assess contrast, brightness, resolution, noise,
uniformity, focus, dynamic range, color diplay, color fiddity and
agpect ratio usng a reference image. In addition to the verification
procedures are outlined in Appendix IV, more specific display
evauation tools are discussed in Appendices V and VI.

SECURITY AND PATIENT CONFIDENTIALITY

In communicating between a remote Ste and a central Ste using a common carrier for
the purpose of transmitting sonographic data, security mechanisms ae essentidl.
Compliance with HIPAA or equivdent sandards is required. Security methods
should ensure that the data may not be read by anyone other than the intended
recipient. In addition, a mechanism to ensure data integrity should be provided so
that the recipient can verify the received message is the same as the message that was
origindly sent. Identification of the data origin is essentid to ensure that the message
or transaction came from the person who is purported to have sent it. Non-repudiation
is essentid to ensure that a person who is clamed to have sent a message cannot later
fdsdy deny having sent it. Findly, a foom of use identification is essentid.  This
may include passwords, biometric data, or digital sgnatures. Access control must be
enforced to ensure that users have access only to those data that are spedificdly
dlowed by indtitutiona policy and procedures.

In generd, the security for remote dtes will be governed by and should be in
compliance with the policies and procedures for network security of the inditution
trangmitting the images For tdesonography, a virtud private network (VPN) is
conddered to be highly dedrable to ensure privacy of eectronic communications,
including login and password information. In addition, al software communicating
image data should encrypt or otherwise encode the image data and encrypt dl text
daa Compliance with indtitutional policies and procedures for protection of patient
confidentidity in accord with HIPAA regulaions is dso required. Verification should
be performed at the initiation of each telesonography sesson.
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APPENDIX |
DICOM REQUIREMENTS

1. Assumptions

These assumptions involve, in generd, functions outsde the scope of DICOM
a present, but that are assumed in a telesonography system or for generd
support of the DICOM components needed.

A. Noatification: Telesonography sysems should have some way of natifying
personnel at the dte where sudies are to be read that an examination has been
sent.

B. Dadbase Depending on the recelving sysem desgn (dand-done or
PACS-basd) it is assumed that at least a minima database function exists so
that, in the event tha multiple examinations are sent to a gdte, tha the gte's
system can retrieve them in a Imple and fast manner for the radiologis. This
may use the DICOM Query/Retrieve Service Class, but is not required to.

C. Storage The dorage of receved sudies should be set by agreements
between the parties involved and be based on practice standards and regiona
lega requirements. Archival storage (if needed) may use the DICOM Storage
Service Class, but is not required to.

2. Genera

The manufacturer of any device-cdaming conformance to the DICOM
Standard shdl provide to the user (or potentia user) a DICOM Conformance
Statement for the devicee  This Conformance Statement shal meet the
requirements set forth in DICOM PS 3.2-2000 (or, the most current version of
the DICOM Standard) Part 2: Conformance *°.

Conformance Level 1 as defined in this document should be consdered a
minimum requirement for dl tdesonography sysems. In the event that the
different components of a telesonography network do not dl support the same
levels, they must be able to default to Conformance Leve 1.

3. Image acquisition
Three methods of acquiring images for telesonography as described in
Specific Requirements, Data Acquistion, should conform to applicable parts
of the DICOM Standard.

A. FHIm digtizer: FIm digitizers are suitable for only Conformance Levd 1
of this document (see Genera Requirements, section 3). HIm digitizers shdl
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support the DICOM Storage Service Class as a Service Class User (SCU) for
the following DICOM Information Object Definition:

1) Secondary Capture Image Information Object Definition

Note that the Secondary Capture Image Object Definition requires the Generd
Image and Image Pixd modules (among others). The DICOM Image Pixd
module does provide for color images, o0 a digitizer that can generate one of
the color schemes supported by the Image Pixel module ?° should be able to
provide digitized color aswell as black and white images.

B. Video digtizer: Video digitizers, or frame-grabbers will typicdly
support Conformance Level 1 of this document, though devices are avalable
that can support Levd 2 (with multiframe images). Conformance Leve 3,
with use of streaming video, requires use of services that are not yet part of
the DICOM Standard.

Conformance Level 1 The video digitizer shal support the DICOM Storage
Sarvice Class as a Savice Class User (SCU) for the following DICOM
Information Object Definition:

1) Ultrasound Image Information Object Definition

Conformance Level 2 The video digitizer shdl support the DICOM Storage
Service Class as a Service Class User (SCU) for the following DICOM
Information Object Definitions:

1) Ultrasound Image Information Object Definition
2) Ultrasound Multi-Frame Image Information Object Definition

Conformance Level 3 The video digitizer shal support the DICOM Storage
Sarvice Class as a Savice Class User (SCU) for the following DICOM
Information Object Definitiorns:

1) Ultrasound Image Information Object Definition
2) Ultrasound Multi-Frame Image Information Object Definition

In addition, Conformance Level 3 devices support red-time streaming video.
There are no applicable DICOM Standards for this. However, it is expected
that sysems that can support streaming video will use exising Internet or
videoconferencing standards.

C. Direct-cagpture ultrasound sysems  Many currently avallable ultrasound
machines have DICOM capability built-in.  That is, they can output images
that conform to the DICOM Standard over a DICOM Standard interface.
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Mogt of these systems will support Conformance Levels 1 and 2 as now
condtituted.

Conformance Level 1 The direct cgpture ultrasound machine shal support the
DICOM Storage Service Class as a Service Class User (SCU) for the
following DICOM Information Object Definition:

1) Ultrasound Image Information Object Definition

Conformance Level 2 The direct capture ultrasound machine shal support the
DICOM Storage Service Class as a Savice Class User (SCU) for the
following DICOM Information Object Definitions:

1) Ultrasound Image Information Object Definition
2) Ultrasound Multi- Frame Image Information Object Definition

Conformance Level 3 The direct cgpture ultrasound machine shall support the
DICOM Storage Service Class as a Service Class Usar (SCU) for the
following DICOM Information Object Definitions:

1) Ultrasound Image Information Object Definition
2) Ultrasound Multi-Frame Image Information Object Definition

In addition, Conformance Level 3 devices support real-time streaming video.
There are no applicable DICOM Standards for this. However, it is expected
that sysems that can support sreaming video will use exising Internet or
videoconferencing standards.

4. Networking and communications systems

Conformance to DICOM requires the use of a compatible communications
network. DICOM presently specifies the TCP/IP protocol operating over an
IEEE 802.3 (1ISO 8802-3) CSMA/CD network (commonly referred to as
Ethernet). Telesonography systems may employ other communications
networks, but if they do, the sending and recelving ends may require a device
to perform protocol trandation to and from TCP/IP to connect to DICOM-
conformant devices.

The communications requirements for DICOM are described in DICOM
PS3.5-2000 (Data Structures and Encoding), PS3.7-2000 (Message
Exchange), and PS3.8-2000 (Network Support for Message Exchange).

5. Display systems (workstations)
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For dl conformance levels, support of the DICOM Grayscae Display
Function Standard should be the base method for display Standardization
(DICOM PS3.14-2000).

Specific requirements:

A. Conformance Levd 1. The workstation shal support the DICOM Storage
Service Class as a Searvice Class Provider (SCP) for the following DICOM
Information Objects:

1) Secondary Capture Image Information Object Definition
2) Ultrasound Image Information Object Definition

B. Conformance Level 2. The workstation shal support the DICOM Storage
Service Class as a Searvice Class Provider (SCP) for the following DICOM
Information Objects:.

1) Secondary Capture Image Information Object Definition
2) Ultrasound Image Information Object Definition
3) Ultrasound Multi-Frame Image Information Object Definition

C. Conformance Levd 3. The workstation shall support the DICOM Storage
Sarvice Class as a Savice Class Provider (SCP) for the same Information
Objects as for Conformance Level 2. In addition, for support of streaming
video, there are no currently applicable DICOM sandards. Such applications
should use publicly avalable standard specifications (e.g., those for Internet
streaming video or videoconferencing).

6. Usewith PACS

Some telesonography agpplications will operate with a PACS as the device
recaving the images. In this case, the interface device on the PACS (the
device to which the remote sysems send images it may be a particular
workgtation, the PACS sorage system, or a specific interface device) shdll
support the DICOM Storage Service Class as a Service Class Provider (SCP)
for the same DICOM Information Object Definitions as for display systems
(workstations). PACS may have a heterogeneous display environment; that is,
workgtations may be tallored to specific gpplications  In this case if
telesonography applications are one of the classes to be supported, then at
leet one workgtation a the reading dte should support the DICOM
requirementsin Section 5 above.

7. Optional DICOM support

In some indances, ether systems sending images or those recalving them (or
both) may have information sysem infrastructure that supports additiona
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DICOM features. A radiology information sysem (RIS) that is integrated
with a PACS or that has interfaces to imaging equipment may support festures
that potentidly improve operaiond efficency. Some of these features
involve the use of DICOM Standard parts. Examples include (but are not
limited to):

A. DICOM Moddity Work list: Support of this DICOM component alows
ultrasound machines to load gppropriate patient demographic information
directly to the machine. This obviates sonographer manua data entry.

B. DICOM Peformed Procedure Step: Support this DICOM component
dlows an ultrasound machine to report back to another information system
that a particular examination has been completed. This can replace severd
manua steps on the part of the sonographer.

C. DICOM Storage Commitment Service Class Allows an  applicaion
receiving DICOM images as pat of DICOM Storage to notify the sending
device tha the recalving device has recaived the images and will take
responsbility for them. In some environments, this dlows the loca sending
device to delete the examination from its temporary storage.

D. DICOM Grayscde Softcopy Presentation State Storage Service Class
Adlows a conformant gpplication to sore information related to how an
image was displayed so that those display conditions may be reproduced for
subsequent display of that image.

E. DICOM Structured Reporting: support of these information objects may
potentidly dlow ultrasound sysems to include messured vdues (eg.,
obstetrical fetal biometry) with the images. Other gpplications (outsde of the
scope of DICOM) may then use this information to produce structured reports
automaticaly or with reduced radiologist effort.
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APPENDIX 11
BANDWIDTH REQUIREMENTSAND EXAMPLES

Conformance Leve 1 (Static images only):

Assumptions. A typicd study conssts of 30 gray scde (8 bit) and 6 color (24 bit)
images having a matrix of 640 x 480 pixels. Under these assumptions, the following
transmisson times are typicd a the compression levels indicated:

Transmission Compression

11 3:1Losdess 10:1 Lossy
56k modem 37min 14sec 12min 25sec 3min 43sec
ISDN (2BRI) 15min 00sec 05min 00sec 1min 30sec
ISDN(6BRI) 05min 00sec 01min 40sec Omin 30sec
Cable Modem / DSL 03min 00sec 01min OO0sec Omin 18sec
T1 01min O5sec 00min 25sec Omin 08sec
10 MB Ethernet 00min 11sec 00min 04sec Omin Olsec

Conformance Leve 2 (Satic images plus multiframe sequences (cine loops))

Assumptions. The following table estimates the time to transmit 3 to 6 second video
loops, each 640 x 480 x 24 hit obtained a 15 frames per second. This time is in
addition to the time to transmit ill images (Leve 1). The addition of video loops
(multi-frame US objects) will necessaxily increase the bandwidth requirements for
telesonography.

Transmission Compression
10:1 50:1 100:1

56k modem 62min 50sec 12min 34sec 6min 17sec
ISDN (2BRI) 25min 19sec 05min O4sec 2min 32sec
ISDN(6BRI) 08min 26sec O01lmin 41sec Omin 51sec
Cable Modem / DSL 05min 04sec 01min Olsec Omin 30sec
T1 02min 07sec 00min 25sec Omin 13sc
10 MB Ethernet 00min 19sec 00min O4sec Omin 02sec
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The addition of red-time video further increases bandwidth requirements. The feashbility
of trangmitting red time video is edimated, assuming 640 x 480 x 24-bit images
transmitted at 15 frames per second. As a point of reference, DVDs use approximately

25:1 compression, and typical web video is compressed 1000:1 or more.

The table

(below) shows whether transmisson is possble for different compresson factors and

different bandwidths.

Transmission Compression
10:1 50:1
lossy lossy

56k modem No No

ISDN (2BRI) No No

ISDN(6BRI) No No

CableModem/DSL  No No

T1 No No

10 MB Ethernet No Yes

100 MB Ethernet Yes Yes

100:1
|lossy
No
No
No
No
Yes
Yes
Yes

500:1
lossy
No
No
Yes
Yes
Yes
Yes
Yes

1000:1
lossy
No
Yes
Yes
Yes
Yes
Yes
Yes

For conformance levd 3, the minimum accepteble bandwidth a various leves of

compression is summarized below:

Compression Minimum Bandwidth
10:1 Lossy 100 Mb Ethernet

50:1 Lossy 10 Mb Ethernet

100:1 Lossy T1 (1.5 Mbs)

500:1 Lossy ISDN (6BRI — 384 Kbs)
1000:1 L ossy ISDN (2BRI — 128 Kbs)

Another gpproach currently in use is the sending of ultrasound video over red-time
(H.320) video conferencing equipment by putting the US video output into an
auxiliay input in the video code This has been shown to be effective for fetd US

and echocardiograms at 768K bps.
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APPENDIX I11: TROUBLE SHOOTING GUIDELINES

If the image veification methods outlined in Appendix IV indicate a loss of
diagnogtic image qudity in the transmitted image compared to the reference image,
the following steps may ad in isolating the problem:

1. If the source images are film or print hardcopy, evaduate the film digitizer by
re scanning and comparing scanner output to origina image.

2. If the source images are acquired by a video frame grabber, repeat the frame
grab and compare result with source scanner image.

3. If the film digitizer and video frame grabber show no errors evduae
tranamisson/compresson link by retransmisson of the dinicd image in
question back to originating Ste for comparison with source image.

4. |If problems pergd, retransmit without compression.
As an additional step, mean squared errors for a series of degraded conditions

(resolution degradation, added noise, color shift, geometric digtortion) could be
computed as abasis for establishing acceptance/rgection criteria
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APPENDIX IV - VERIFICATION PROCEDURES

A: Static video frame grabber perfor mance

Video frame grabbers for static images should be evaduated with a commercid video
test pattern generator and color bar generator. A video test pattern generator is
substituted for the ultrasound machine as the input to the video frame grabber.® An
appropriate SMPTE***21* NTSC color bars, or custom pettern is then captured by the
frame grabber and sent to the recelving Ste where comparison is made with a locally
stored image of the same test pattern.

B: Multiframe image sequences

The video frame grabber for video loops (cine loops) should be evauated with a
dynamic test pattern generator designed to output a digitaly stored sequence of video
frames through a precison time base and digitd to anaog converter. A pattern
condging of a rotating image with a known angular increment per frame with the
rotation rate determined by the video frame rate is suggested. In use, the dynamic
video test pattern generator would be connected to the cine-loop capable video frame
grabber and a sequence of images is sent to the recalving Ste. At the receiving
workgtation, the sequence is examined in red-time and frame-by-frame to check for
out-of-sequence frames, discontinuities, or nonlinearities in the motion from frame to
frame. For ultrasound systems that have direct DICOM Storage Service Class
Support (US Multiframe object), an interndly stored version of the cine loop would
be transmitted to the recelving gte.

Verification of dynamic peformance (multi-frame and streaming video) could dso be
evauated through the use of an *.AVI or *.QTW clip stored on the remote computer
a a frame rate gppropriate for the red time study being interpreted. This could be
used to demondrate the expected performance. This would permit the user be able to
see what the proper digolay, frame-rate etc. would look like and then watch the
dreaming or multi-frame display to verify performance.

C - Real-time streaming video

A dynamic test pattern generator is required and is used with the same equipment as
for the video frame grabber with loop capability. In this case, the dynamic generator
should be capable of operation a the ultrasound image refresh rate (typicdly 7.5 to
30 frames per second depending upon the application, transducer frequency, or pulse
frequency,) For some echocardiographic gpplications higher frame raes may be
required. In use, the dynamic video test pattern generator is connected to the
sreaming video cgpture system and the dynamic test pattern is dlowed to run. The
dynamic video test pattern generator is set to generate frames at the rate the streaming
video system is designed to support. The video stream is sent to the recalving Ste. At
the dte, the red-time video is viewed and a segment is captured. After capture, it is



Page 18

examined frame-by-frane for  out-of-sequence  frames,  discontinuities, or
nonlinearitiesin the motion from frame to frame.

D — Static hardcopy images

Digitizers used for film or hard- copy color prints (eg. color Doppler) should be
cdibrated usng a film test patern such as the SMPTE RP 133-1991 Test Image
standard  (http://mwww.smpte.org/sandardsmedical.cfim ). In use, the cdibrated film
test pattern is digitized and sent to the interpretation Ste. At the dite, the image of the
tes pattern is compared with a localy dored verson. This is done visudly.

E - Display Evaluation

A dandard test image, such as the SMPTE test pattern, should be used to evaluate
diglay contradt, brightness, resolution, noise, uniformity, focus, dynamic range, color
display, color fiddity and aspect ratio.** The test image(s) would be displayed both
full screen and at the resolution and sze of the clinical images to be evauated. In
use, a visud assessment of each parameter would be performed in accord with
ingructions specific for the test pattern used. For example, with the SMPTE test
pattern the resolution for each area of the image (corners and center), the presence of
noise in the image, the uniformity of the background gray-scale and the contrast
scae, could be quickly evduated aong with grid and color patterns. Monitor
adjustments to correct performance would be made to meet the minimum

performance standard.
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APPENDIX V-DISPLAY SET-UP AND DISPLAY FUNCTION

The following procedures are recommended for initid display set-up and periodic
display quality assurance. Prior to tedting, it is desrable to turn off the pedestd, an
option on some display controllers, in order to alow brightness and contrast to be
controlled independently.

1.

Adjust room lighting to levels to be used during interpretetion. (The levd of
illumination for interpretetion should be low enough to permit the monitor to
replicate al necessary brightness and contrast levels).

Set brightness and contrast controls to zero, then dowly increase the
brightness control is until the scanned raster on the otherwise dark CRT s
bardy visble This luminance levd is cdled the black levd. If there is
noticegble ambient, set the black leve dightly above the ambient levd.

Increese the contrast control until the maximum luminance; the working
luminance or white level is reached. (For reference, a good white leve is
about 300 cd/n?, while agood black level is between 0.5 and 1 cd/nf).

When practica for initid cdibraion, the preferred digplay function is the
DICOM 14 Display Function Standard™. In generd, this can be achieved only
with a Cdibration Software Package and a photometer such as the Dome TQA
Package or the Image-Smiths VeriLUM Verson 4.2.The DICOM test pattern
15,16 "condsts of a white square in the center of the display, (the area of which
is 10 % of the total display ared), and a background area (the area outside the
white square), the luminance of which is 20 % of the maximum luminance of
the white square. The DICOM 14 Display Function Standard is generated by
the respective cdibration program. This program generates various luminance
vaues in the white square, which are measured with the photometer while it is
hdd firmly agang the white square. These luminance vadues are used to
generate look-up tables on the display controllers which in turn produce the
DICOM 14 Display Function Standard.

After the cdibration procedure the user should display the SMPTE pattern and
make sure thet the O to 5% and the 95 to 100% contrast patches are clearly
visble
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APPENDIX VI - AAPM TASK GROUP 18
ASSESSMENT OF DISPLAY PERFORMANCE FOR MEDICAL IMAGING
SYSTEMS.

For some time a task group organized by the American Association of Physcids in
Medicine (AAPM) worked on a report, concerned with the assessment of display
perfformance for medicd imaging systems'’. It is expected that this report will be
completed and accepted by the appropriate channds a AAPM early in the year
2002*8. This report will be of particular interest to the Filot Project to Develop a
Process for Defining Teeradiology Protocols for Diagnostic Sonography because of
advanced test patterns, which go beyond the SVIPTE pattern and permit image quality
assessment to be made more essly.

It is recommended that as soon as the report of the AAPM Task Group 18 is
completed the “Pilot Project to Develop a Process for Defining Teeradiology
Protocols for Diagnostic Sonography” be revised to include appropriate test patterns
and assessment procedures of the report of the AAPM Task Group 18.
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