Qualilty Confrol in
Ultrasotind

RMI 403GS
RMI 403GS LE

GAMMEX RMP

| Precision
Multi-Purpose

Grey Scale

Test Instrument

=

Ehetiht SRR S
bl o B
i s S
L 2
el Pl lath e b
P i GEepts e &
S e R
e R Yo
s o
S %@%ﬁlﬁm»ﬁ= B %%g%?i??ﬁ'w;{
R e e S
R P
S e Eat

Wi o ety
e o e
%“”;*T-‘ji@%sgﬂm;% e o
e SaunnE e 5 iyl
e . o
S Sbamneasln ke o b
e e e
Eahe e S
S e e
A SRS N (e
o L
el s e
i S sEas e
Fa A s e
i “‘*M‘.f%‘uwg:ﬁ&m{aw.ﬁém.» e
e = S

WIS iy
gl et
SR
‘gég'ggww Tt

5

B

T Ead SR
S5 S
e

L =
3‘:?@:'2;:‘3?2,““"“«‘3;3:%
e GRS T L)
S




Table of Contents

[[E1470Ts [FT [ ¢ 2
Caring for the RMI 403GS/403GS LE....... T 3
Scanning the RMI 403GS/403GS LE.......ccvunmemusmmnsincns 4
A Guided Tour of the RMI 403GS8/403GS LE........ccerrnne 5
Using the Convertible Water Dam ..o 6
Scanning the Phantom ... 7
Target Configuration .........ocvemesmsmsansssnsssssssaseresssnsssnaes 13
Specificatiohs ................................................................ 15
Grey Scale Applications.......c.ocucrusisecsressemmessssnssssen 16
System Linearity .......ccoocovivevvieccen e 17
Quantitative Measurement.............cccccceevrecnincnn 19
Qualitative Measurement..................coooevvveererenreronnn. 21
Phantom Desiccation ........ccmescnmmnsenesscnsessessenns 22
Charts and Graph Sheet ..........cccmmimermimmmssrsrnnmscansns 22
Data Sheet ..o 24
Quantitative Measurement Chart...............coin, 26
Qualitative Measurement o1 L I 27
Product Warranty ... 30

Sales and ServiCe ..o s - 31



Introduction

The 403 GS LE phantom is designed for measuring
the image quality of high resolution ultrasound sys-
tems. Grey scale targets are provided for monitoring
contrast and temporal resolution and distinguishing
different intensities of brightness and border delin-
eation capabilities of the ultrasound system.

The 403 GS LE offers carefully placed targets to
measure resolution, depth of penetration and elec-
tronic caliper distance accuracy. Axial resolution pin
spacing patterns are small, offering better axial reso-
lution tests. Grey Scale targets are set at -6, +6 and
+12 dB relative to the background material and with
equivalent attenuation properties. A 10 mm anechoic
cyst is also provided to valuate system noise and
geometric distortion. The phantom incorporates the
latest technology in Tissue Mimicking gel which pro-
vides a smoother background texture and which
reduces backscatter. The phantom is fully compatible
with the latest Tissue Harmonics equipment and
technology.

The 403 GS LE is designed to be used to aid in the
Quality Control testing and monitoring of ultrasound
instruments only.
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Caring for the RMI 403GS/403GS LE

Phantom comes ready to scan.
Do not remove surface material.

Store the

BMI 403GS/403GS 1LE

with water dam and

cover closed securely.
Always attach the scanning
surface cover and store the
phantom out of direct sunlight
when it is not in use.

Ve

Store the

RMI 403GS/403GS LE

at 35°- 105°F (2°-40° ). 105°F
Freezing temperatures will I
damage the phantomn and
high temperatures will a5°

accelerate desiccation.

Weigh the

BMi 403GS5/403GS LE

to monitor desiccation.
Weigh the phantom when
you first receive it and then
every 6 months. Record
the values.

Do not drop or

damage the phantom.
Return the phantom for
inspection and/or repair if
it has been dropped or
damaged. Physical damage
to the case will cause
premature desiccation.




Scanning the RMI 403GS/403GS LE

*
*

Always place the phantom on a stable, level surface for scanning.

The phantom comes ready to scan. Do not peel off the .
surface material. --

Use water or a generous amount of coupling gel to ensure good
transmission. Do not use mineral oil, baby oil or lanolin-based
gels as a coupling medium. Poor transmission is a result of insuf-
ficient coupling.

Do not press the transducer into the scanning surface.
This damages the scanning surface and will shorten the life of
the phantom. For curved transducers, use water, or a gel layer.

Clean the scamning surface immediately after use. Use a soft
cloth or paper towel and scap and water, if needed.

Caution:

Do not press the
transducer into
the scanning
surface.



A Guided Tour of the RMI 403GiS/403GS LE

The Precision Multi-Purpose Grey Scale Test Instrument RMI
403G5/403GS LE provides a means for monitoring the image
quality of ultrasound scanning systems. The tissue mimicking gel in
the RMI 403GS/403GS LE is ultrasonically similar to human tissue.
This allows the use of normal scanner control settings and ensures
that the performance measured closely approximates the scanner’s
performance in a clinical examination.

Scanning is the best way to familiarize yourself with the fea-
tures and functions of the RMI 403GS/403GS LE. A guided tour is
provided on the following pages.

Converitbie water
dam for got free
scaniting and
protaciive storage.
Dead zone
target group.
Horizonial pins
2-;; ;%zgzomal 3 grey scale targets,
low seatier.
accuracy fest. K
Axtal resolution
target group.
Low secatter
targats for cyst
imaging tests.

Vertical pins for vertical Depth

dlstance aceurasy and Indlcators In
lateral rosolutlon tests. centimeters,

Figure 1: Targets and features of the RMI 403GS LE.



Using the Convertible Water Dam

The convertible water dam and cover make it easfer for you to
use and protect your test instrument. The water dam cover helps
reduce desiccation which extends the usable life.

The water dam allows scanning with water. Water-coupled scan-
ning is easier to clean up; however, where extra transducer clearance
is needed or gel-coupled scanning is desired, the water dam can be
flipped out of the way.

Scanning with water

Loosen top Fill water dam
sSCrews, \ with water and
scan,
remove cover
and retighten
screws.
Scanning with gel
To detach the water dam, I
3 E ter dam o
loosen top screvtr_s_; kpwgz :rndi?anuxtv%me
coupling gel.
P N
and slide
water dam
to the side.

After scanning

Always
» clean the scanning surface,
= reseal the water dam,
= and replace the cover.

Tighten

retgining
SCrews,

+




Scanning the Phantom

Remember

+ The phantom comes ready to scan. Do not peel off
the surface material.

+ Never press the transducer into the scanning sur-
face.

+ Always clean and dry the scanning surface after each use.
Never leave coupling gel or water on the scanning surface
for more than a few hours.

+ Do Not use mineral oil, baby oil or lanolin-based gels as a
coupling medium.

A 4.5 MHz probe will provide a good overall view of the test
instrument for this demonstration.

1. Remove the water dam cover by loosening the two thumb-
screws on the top, then slide the cover sideways, and pivot
on the thumbscrew to remove,

2. To couple the transducer with water, leave the water dam in
place, press down and tighten with the thumbscrews. Once
secure, fill with water.

To couple the transducer with gel, move the water dam out
of the way by loosening the two thumbscrews on top of the
water dam. Slide the water dam over and then swing it off

to the side.

To detach the water dam, Flip water dam out of

loosen op screws, the way and scan
. with coupling gel.

Pl

and slide
water
dam to

the side.




3. Rest the transducer on the scanning surface. Adjust the scan-
ner to display the full depth of the test instrument. You may
notice that the tissue echoes near the bottom of the phantom
fade into noise. The depth at which usable echoes disappear
is called the depth of penetration. The depth markers on the
phantom label wil help you determine the depths of the tar-
gets.

4. Move the transducer across the scanning surface observing the
locations of the targets. Notice how the smooth texture of the
tissue mimicking gel emphasizes image nonuniformities and
artifacts, making them easier to detect. Scanning an area with-
out targets is a good way to test for image uniformity.

5. Scan the vertical pin targets and freeze the image. Use the
electronic calipers to measure the distance between two of the
vertical pin targets. Repeat for two of the horizontal pin tar-
gets. The vertical pins have 2 cm  spacing while the horizontal
pins have 3 em spacing. Use these pin targets to determine
vertical distance accuracy and horizontal distance accuracy.

To make these measurements easier, adjust the time gain con-
trols (TGC’s) and systern gain o minimun. Then increase the
systemn gain until all fargets are visible. Record the gain setti-
hgs for future measurements.

0.1 mm Nylon Pins |




Measure pin width
to get lateral
resolution.

Pin targets are
narrowest in the
focal zone.

. Freeze an image of the vertical pin targets. Use the

electronic calipers to measure the horizontal width of the pin
targets in the near, mid and far fields of the image. Notice
how the pin targets are narrowest in the focal zone. Target
width demonstrates the width of the ultrasound beam at that
depth and approximates the ulirasound system’s lateral
resolution.

. Decrease the image dépth and freeze an image of the axial

resolution target group at 3 cm. Notice how the images of
the lower pin targets may begin to merge. The smallest dis-
tance between two pins is called the ultrasound systemn’s
axial resolution.

Examine the other axial resolution target groups and com-
pare the resolution at various depths. Axial
resolution may change with depth.

Lower pin —2.0 mm
targets have
merged. 171.0mm
%“\‘0.5 mm
0.25 mm

Axial resolution of this scan is 0.5 mm.
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8. Scan the nearest cystic target group. Each target should be
round with a clean black anechoic appearance and well
defined edges. Bright specular echoes at the top and bottom
of the targets are normal.

Measure the diameter of the 6 mm cystic target to check the
image geometry. Use the calipers to measure from top to
bottom and side to side. Repeat with the other cystic target
groups as part of the cyst imaging test.

Normal Distorted System noise

9. Decrease image depth to the minimum and examine the
dead zone target group. Determine the depth of the shallow-
est visible pin target to measure the scanner’s dead zone.

The dead zone targets can also be used to measure
lateral resolution in the extreme near field of the
transducer,

Smm{

f The depth of an instrument's dead zone
Dead Zone Target Group 1S determined by identifying the shallow-
est pin target that can be ciearig visual-
ized. In this example the dead zone is at
the depth of target A.
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10. Scan the four grey scale targets and observe the difference

in their grey levels. Adjust the gain control and observe how
this affects the brightness of the targets. Notice how noise
in target #1 (the low scatter target} becomes apparent as the
gain increases. If your system has image “post-processing”
capabilities, observe how the contrast between targets
changes with different settings.

Adjust the gain control to the lowest noise level. This is the
point at which you eliminate noise in the anechoic cyst
(lower the gain until it just disappears). Record this gain set-
ting and use it for future grey scale measurements. Freeze
the image and visually evaluate the grey scale targets. Match
each target with a step on the grey bar in the image. Make
a hard copy and compare the hard copy with the image on
the scanner.

"



11. When you're done scanning, empty the water dam or com-
pletely clean off the coupling gel with a soft cloth or paper
towel. '

Secure the water dam and replace the cover.

Return the water dam to the 2 Return the coverto the
top of the water dam.

top of the RMI 403GS LE.

3 Tighten the top 4 Store in an airtight
thumbscrews. container or plastic bag
with a moist sponge.




Target Configuration

Low Scatter (Anechoic) Targets

Diameters . . ............... 2,4, 6, and 10 mm
Placement ... .............. 3, 6, 8, and 14 cm deep
Speedofsound ............. 1540 + 10 m/s
Atftenuation coefficient ... ... .. 0.05 + 0.01 dB/cm/MHz
Grey Scale Targets
Diameter . . ................ 10 mm
Placement .. ............... 6 cm deep
Speedofsound ............. 1540 £ 10 m/s
Temperature dependence
onspeed ofsound ......... 1.5m/s/C
Contrast .................. -6 dB, +6 dB, High Scatter
{(+12dB or +15dB}

relative to background

Pin Targets

Diameter . .. ........ ... ... 0.1 mm

Vertical spacing . ......... ... Z cm at 2-16 em deep
Horizontal spacing . . . . . .. 3 cm at 2 and 12 cm deep

Axial Resolution Target Group
..................... at 3, 8, and 14 cm deep

All acoustic measurements at 4.5 MHz, 22 C.

Due to our philosophy of continuous quality
improvement, all specifications are subject to change.

13



14

10

32

14

il

® + 7

2.4 and 8 mm
{ow Scatter Cysts
.

+12 o
+15

Grey Scale Targels
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+ . 4______E1 mm Nylan Pins
3 om spacing

Auxdal Resclkrion
Target Group
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©.% mm Nylon Pins
2 om spacing

Auxtdal Resolution Target Group

}—-2.0 mm

7—1.0 mm

3~0.5 mm
0.25 mim

3 mm

3mm1: *

M

Dead Zone Target Group
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Specifications

Physical Specifications

Weight ................... Approx 2.8 kg (6 bs. 5 0z.)

Dimensions ................ 232x825x 185 om
..................... (9.25x3.25x7.25in.)

Scanning surface ............ Composite film

Case material . ... ... ........ Extruded ABS plastic

Pin target material . ... .... ... Nylon monofilament

Tissue Mimicking Background Material

Water-based gel with appearance of human tissue.

Speedofsound ............. 1540+ 10 m/s

Attenuation coefficient ... ... ... 0.7 £ 0.05 dB/cm/MHz
............... s .05 %005 dB/cm/MHz
.................... refer to phantom side label

Nonlinear parameter (B/A) .. ... 5.8+ 0.4 RMI 403)

..................... 6.6 (0.3 (RMI 403 LE)
..................... 6.7 (Accepted value for
..................... human liver tissue)

All acoustic measurements at 4.5 MHz, 22 C.

Due to our philosophy of continuous quality
improvement, all specifications are subject to change.

15



Grey Scale Applications

Metastases are sometimes slightly hyperechoic or hypoechoic
compared with the surrounding tissue. If the scanner is not measuring
arey levels accurately, the metastases may not be detected. The
Quantitative Measurement ensures that the grey level signal is meas-
ured consistently. The Qualitative Measurement ensures that grey lev-
els are displayed on the monitor consistently. By performing these
tests, the user can determine the optimal system control settings for
measuring grey  levels. These settings can then be used in clinical
applications.




System Linearity

Ultrasound systerns use special processing circuits to translate the
amplitude of echoes into brighiness levels on the video monitor.
O These circuits use mathematical functions that often produce an S
shaped curve when graphed. As shown in the figure below, each echo
level produces a corresponding brightness level on the monitor.

Monitor
Brightness
Level
Bif==mmmemmmmmmm -y
1
]
7] I
1 ]
B 1
n lnunnnun-«-nn----n--q--s- ’ :
- B
H i M
ke
~-XdB 0dB +XdB Echo Level
An S-shaped curve is used to translate echo levels into brightness levels
on the video display. Notice how each echo level, ~X, 0 and +X dB pro-

duce the corresponding brightness values B_ , B, and B...

17
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As long as the shape of the curve remains constant, the contrast
or difference in brightness between different echo levels will remain
constant. If the shape of the S-curve changes, the relative image
brightness for each echo level will also change. For example, “image
post-processing” techniques help the user identify subtle tissue varia-
tions by modifying the shape of the S-curve to emphasize certain
ranges of echo levels. Degradation in the system hardware can also
affect the shape of the curve and produce unexpected variations in
the contrast between echo levels. This distortion in the information
displayed to the user may affect the interpretation of the ultrasound
image. An example of these distortions is shown below.

Monitor
Brightness
Level

E
By e m s s 20 o e e

1

IR BW T WE SRR T X W W

i
A1

(=3 T S .7 A
/)

I

i

~XdB 0 dB +XdB Echo Level

Changes in the shape of the S-curve result in different brightness
levels for the same echo levels. Notice how the positions of the
original brightness levels B_ , B, and B have moved to B_}, B

and B+1 .

Changes in the system response can be identified by measuring
the average pixel value of the grey scale targets and the background
material as displayed on the video monitor. Pixel values can be meas-
ured with image analysis tools provided on some ultrasound instru-
ments or computers equipped with video “frame grabbers” and spe-
cial software (see next page).



Quantitative Measurement

A target’s brightness level can be more accurately measured elec-
tronically. The user defines a region of interest and the scanner deter-
C mines the average pixel value. To reduce the effect of speckle and
small variations in the targets, several measurements are taken and
averaged.

Note: If your system does not have a region of interest (ROJ) tool,
you will not be able to perform this test. As an alternative,
refer to the Qualitative Measurement on page 20.

Note: All values determined by the quantitative measurement test
depend on scanning technique. Great care should be taken to
perform the test in the same manner each time.

Method

Define a region of interest and measure the average echo level.

Procedure

Baseline Test

1. Scan the grey scale targets and display them as large as
possible. Freeze the image.

2. Measure the echo level of the anechoic target. Adjust the
' systern gain so that the measurement is approximately 1.
This ensures that the system’s noise floor is barely reaching
the visible level.

3. Record this setting and reuse for all subsequent tests.

19
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Subsequent Tests

1.

Scan the grey scale targets and display them as large as pos-
sible. Adjust the system control settings as recorded on the .
data sheet. .

Freeze the image and place the region of interest (RO} tool
completely inside the grey scale target image. The ROl
should be as large as possible.

Measure and record the echo level of each target.

Measure and record the echo level of the background mate-
rial directly beside the anechoic target. Unfreeze the image.

. Perform this process three times and record the average

echo level for each grey scale target and for the background
material on the data sheet.

Analysis

Contact your service engineer if target 2, 3, or 4 varies from the

baseline by 10% or more.




Qualitative Measurement

Video monitors on most ulirasound systems contain a “grey bar”
which shows the grey levels available for display. Grey bars normally
contain between sixteen and sixty-four steps of increasing brightness.
Pixel values can be estimated by locating a grey bar step that approxi-
mates the brightness of the region of interest.

Note: It is absolutely critical that all system control settings be pre-
cisely reproduced for these tests. Errors will introduce varia-
tions in your data and potentially invalidate your results.

Method

Assign a step on the grey bar to each grey scale target and the
background.

Procedure

1. Assign a unique number to each grey level on the grey bar.

2. Scan the grey scale targets and display them as large as pos-
sible. Freeze the image.

3. For each target, determine which step on the grey bar is the
same brightness as the target and record this number on the
data sheet. Do the same for the background material directly
beside the anechoic target. Keep a print out of the image
for reference.

Analysis

Contact your service engineer if any target varies from the base-
line by more than two steps.

21



Phantom Desiccation

Over time, the phantom’s water-based gel will slowly lose mois-
ture. This process is accelerated by high ternperatures, incorrect stor-
age, and damage to the case or scanning surface. Consistently storing
the phantom in an air-tight container will contribute greatly to long
phantom life. Properly storing your phantom will reduce the amount
of moisture lost per year.

For most climate-controlled environments the phantom weight
should be checked every six months. Phantoms used in high tempera-
ture/low hurmidity environments or in mobile situations should be test-
ed more frequently. As the phantom desiccates, the scanning surface
may flatten out. If this occurs, contact GAMMEX RMI {1-800-GAM-
MEX-1}.

Figure 2: Periodically weighing the RMI 403GS/403GS LE is the
best way to monitor desiccation.

Charts and Graph Sheets

Photocopy the charts and graph sheets on the following pages
and add them fo the other graph sheets in your QA Cookbook.
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Product Warranty

WARRANTY, DISCLAIMERS AND LIMITATION OF LIABILITY:

The Products are covered by the warraniy set forth in the following paragraphs. The war-
ranty is exterided only to the purchaser of the Products directly from Seller (or an author-
ized dealer of Seller) as new merchandise. For a period of 12 {twelve} months for the
403GS fom the date of original delivery to Buyer, the Products are warranted o be free
from functional defects in materials and workmanship, provided they are operated under
condition of normal use, and that repairs and replacements are made in accordance here-
with. Seller does not warrant bulbs. The foregoing warranty shall not apply to Products
that have been disassembled, altered or repaired (other than proper replacement bulbs)
other than by Selier or if the Product has been subject to abuse, misuse, negligence or
accident.

Seller's sole and exclusive warranty obligation and Buyer's sole and exclusive warraniy
consists of Seller, at its option, repairing or replacing free of charge Products: {2} which
contain a defect covered by the above warranty; (b) which are reported in writing to Seller
not later than seven {7) days after the expiration of the warranty period; {c} which are
returned to Seller promptly afier discovery of the defect; and (d) which are found to be
defective by Seller upon Seller’s examination. Buyer shall pay all transportation charges.
SELLER SHALL NOT BE OTHERWISE LIABLE FOR ANY DAMAGES, INCLUDING
BUT NOT LIMITED TO INCIDENTAL. DAMAGES, CONSEQUENTIAL DAMAGES OR
FOR ANY OTHER LOSS, DAMAGE, PENALTY OR EXPENSE OF ANY KIND,
INCLUDING WITHCOUT LIMITATION, LOSS OF PROFITS OR QVERHEAD, REIM-
BURSEMENT, PERSONAL INJURY OR PROPERTY DAMAGE. THE AFCRESAID
WARRANTY OBLIGATION OF SELLER CONSTITUTES ITS SOLE LIABILITY, AND
UNDER NO CRCUMSTANCES, SHALL THE MAXIMUM LIABILITY OF SELLER
UNDER ANY LEGAL THEORY {e.g. CONTRACT, WARRANTY, NEGLIGENCE,
PROMISSORY, ESTOPPEL, STRICT LIABILITY, MISREPRESENTATION, TORT) AND
FOR ANY REASON WHATSCEVER {e.g. DEFECT, DELAY OR OTHERWISE} EXCEED
THE PURCHASE PRICE OF THE DEFECTIVE PART, REGARDLESS WHETHER THE
CLAIM IS ASSERTED BY BUYER OR ANY OTHER PERSON OR ENTITY. THE LIA-
BILITIES OF SELLER, AS ABOVE SET FORTH, SHALIL NOT BE EXTENDED
BECAUSE OF ADVICE GIVEN BY IT IN CONNECTION WITH THE DESIGN, INSTAL-
LATION OR USE OF THE PRODUCTS OR PARTS THEREFOR.

THERE ARE NO EXPRESS OR IMPLIED WARRANTIES WHICH EXTEND BEYOND
THE WARRANTIES SET FORTH ABOVE. SELLER MAKES NO WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT
TO THE PRODUCTS OR ANY PARTS THEREOF,

© 2003 GAMMEX-RMI 006260-00-04




Sales and Service

GAMMEX RMI is committed to safisfying our customers’ needs. If
you have any questions, comments, or suggestions regardmg our prod-
ucts and service, please call or fax us.

Sales Department hours are Monday through Friday, 7:00 am
to 7:00 pm Central Time.

1-800-GAMMEX-1 {426-6391)
1-608-828-7000
1-608-828-7500 Fax
e-mail: sales@gammex.com

Service Department hours are Monday through Friday, 7:00 am
to 5:00 pm Central Time.

1-800-232-9699
1-608-828-7000
1-608-831-0964 Fax
e-mail: support@gammex.com

GAMMEX RMI
2500 West Beltline Hwy. at University Avenue
P.O. Box 620327
Middleton, WI 53562-0327 U.S.A.

http://www.gammex.com
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Target Numbers/Locations

Graph data immediately after performing QC tests.
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8  Name Wuaniiative vieasurement

Test Period Depth

Target # (Make a copy of this chart for each grey scale target.)

Circle values which reach an action level. Document events in the event log.

Date | EventlLog

‘
‘

Average
Echo Level

Date

[
~J




