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Figure 1. Ultrasonic scanner (SA-9000 PRIME, Medison, Korea) & 5-12

MHz Linear Probe used in the experiment.
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receiving gains at a specific depth. 2D/Gain controls amplifications at all
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Figure 4. A typical ultrasonic image to +15dB LCS target. Pointing out
using mouse the location of the edges in either sides of the target to
identify its circular boundary, a circle whose circumference coincides with

the boundary is created and its radius R is calculated.



5-1 5-2

Figure 5. Methods to obtain mean pixel values of the target and
background image

5-1 Gibson et al (2004) method [3] based on line integral for calculating
Xt and Xb. 5-2 Kang et al (2006) method [6] where Xt is the mean pixel
value of the inner circle whose radius is 70% of the circular target, Xb is
the mean value of the pixels located in the ring which has the outer radius
of 130% of the target circle and the inner radius determined by satisfying a
condition that the annular area is the same as the area used for

calculating Xt.
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Figure 6. Ultrasonic images of all LCS targets obtained using an
ultrasonic scanner (SA-9000 PRIME, Medison, Korea) with a typical clinical
setting (TGC: max, Gain: max, DR: 92dB, freq.: pen)
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Figure 7. Contrast Ratio CR measured against nominal LCS for all LCS
target ultrasonic images shown in Figure 6 - TGC: max, Gain: max, DR:

92dB, freq.: pen.
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Figure 8. Contrast Ratio CR measured against nominal LCS for the LCS
target ultrasonic images obtained at the different settings of TGC (min,

mid, max) — Gain: max , DR: 92dB, freq.: pen
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Figure 9. Contrast Ratio CR measured against nominal LCS for the LCS
target ultrasonic images obtained at the different settings of Gain (min,
mid, max) — TGC: max , DR: 92dB, freq.: pen.
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Figure 10. Contrast Ratio CR measured against nominal LCS for the LCS
target ultrasonic images obtained at the different frequency mode (res,
gen, pen) — TGC: max, Gain: max, DR: 92dB.
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Figure 11. Contrast Ratio CR against dynamic ranges for LCS target
ultrasonic images obtained with settings of TGC max, Gain max and
Frequency mode pen.

11-1 negative LCS targets — n15, n6, n3 for CR measured on ultrasonic
images of the target with LCS —15dB, —-6dB, —3dB, respectively and n15n,
nén, n3n for the nominal LCS of —-15dB, -6dB and —3dB respectively. 11-2
positive LCS targets — p15, p6, p3 for CR measured on ultrasonic images
of the target with LCS 15dB, 6dB, 3dB, respectively and p15n, p6n, p3n
for the nominal LCS of 15dB, 6dB and 3dB respectively.
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Figure 11. Contrast Ratio CR against dynamic ranges for LCS target

ultrasonic images obtained with settings of TGC max, Gain max and
Frequency mode pen.
11-1 negative LCS targets — n15, n6, n3 for CR measured on ultrasonic
images of the target with LCS —-15dB, -6dB, —3dB, respectively and n15n,
nén, n3n for the nominal LCS of —-15dB, -6dB and —-3dB respectively. 11-2
positive LCS targets — p15, p6, p3 for CR measured on ultrasonic images
of the target with LCS 15dB, 6dB, 3dB, respectively and p15n, p6n, p3n
for the nominal LCS of 15dB, 6dB and 3dB respectively.
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Figure 12—-1 Ultrasonic images of the LCS targets obtained at settings of
TGC max, Gain mid, DR 40dB, freq. pen. 12-2 Contrast Ratio CR
measured against nominal LCS for the ultrasonic images shown in 12-1.

— continued -
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Figure 12-2 Contrast Ratio CR measured against nominal LCS for the

ultrasonic images shown in 12-1.
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Figure 13. Ultrasonic images of the LCS targets as DR varies (TGC max,
Gain mid, Freq. pen)

13-1 +15dB, 13-2 +6dB, 13-3 +3dB, 13-4 -3dB, 13-5 -6dB, 13-6
—-15d8B.
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Figure 14. Contrast Ratio CR measured against nominal LCS for the

ultrasonic images obtained at the different setting of frequency modes (DR:

40dB, TGC: max, Gain: mid).
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Figure 15. Thyroid ultrasonic image of cystic lesion with multiple
calcifications (similar to solid lesion) (Left: DR 92dB, Right: DR 40dB) -

TGC max, Gain max, Freq. pen.
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Figure 1. Ultrasonic scanner (SA-9000 PRIME, Medison, Korea) & 5-12

MHz Linear Probe used in the experiment

Figure 2. Structure of ATS 539 Multipurpose Phantom (ATS Laboratories
Inc., Bridgeport, CT, USA)

Figure 3. Control panel

3-1. TGC. 3-2. Gain 3-3. Freqg 3-4. DR on monitor. TGC curve adjusts
receiving gains at a specific depth. 2D/Gain controls amplifications at all
depths. Freq. has 3-mode (gen, pen, res). DR set to 94dB in this scanner,

ranges from 40 to 170dB, controling contrast of images.

Figure 4. A typical ultrasonic image to +15dB LCS target. Pointing out
using mouse the location of the edges in either sides of the target to
identify its circular boundary, a circle whose circumference coincides with

the boundary is created and its radius R is calculated.

Figure 5. Methods to obtain mean pixel values of the target and
background image

5-1 Gibson et al (2004) method [3] based on line integral for calculating
Xt and Xb. 5-2 Kang et al (2006) method [6] where Xt is the mean pixel
value of the inner circle whose radius is 70% of the circular target, Xb is
the mean value of the pixels located in the ring which has the outer radius
of 130% of the target circle and the inner radius determined by satisfying a
condition that the annular area is the same as the area used for

calculating Xt.

Figure 6. Ultrasonic images of all LCS targets obtained using an
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ultrasonic scanner (SA-9000 PRIME, Medison, Korea) with a typical clinical

setting (TGC: max, Gain: max, DR: 92dB, freq.: pen)

Figure 7. Contrast Ratio CR measured against nominal LCS for all LCS
target ultrasonic images shown in Figure 6 - TGC: max, Gain: max, DR:
92dB, freq.: pen.

Figure 8. Contrast Ratio CR measured against nominal LCS for the LCS
target ultrasonic images obtained at the different settings of TGC (min,

mid, max) — Gain: max , DR: 92dB, freq.: pen

Figure 9. Contrast Ratio CR measured against nominal LCS for the LCS
target ultrasonic images obtained at the different settings of Gain (min,
mid, max) — TGC: max , DR: 92dB, freq.: pen.

Figure 10. Contrast Ratio CR measured against nominal LCS for the LCS
target ultrasonic images obtained at the different frequency mode (res,
gen, pen) — TGC: max, Gain: max, DR: 92dB.

Figure 11. Contrast Ratio CR against dynamic ranges for LCS target

ultrasonic images obtained with settings of TGC max, Gain max and
Frequency mode pen.
11-1 negative LCS targets — n15, n6, n3 for CR measured on ultrasonic
images of the target with LCS —-15dB, -6dB, —3dB, respectively and n15n,
n6n, n3n for the nominal LCS of —15dB, —6dB and —3dB respectively. 11-2
positive LCS targets — p15, p6, p3 for CR measured on ultrasonic images
of the target with LCS 15dB, 6dB, 3dB, respectively and p15n, pbn, p3n
for the nominal LCS of 15dB, 6dB and 3dB respectively.

Figure 12—1 Ultrasonic images of the LCS targets obtained at settings of

TGC max, Gain mid, DR 40dB, freq. pen. 12-2 Contrast Ratio CR

measured against nominal LCS for the ultrasonic images shown in 12-1.
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Figure 13. Ultrasonic images of the LCS targets as DR varies (TGC max,
Gain mid, Freq. pen)

13-1 +15dB, 13-2 +6dB, 13-3 +3dB, 13-4 -3dB, 13-5 -6dB, 13-6
-15dB.

Figure 14. Contrast Ratio CR measured against nominal LCS for the
ultrasonic images obtained at the different setting of frequency modes (DR:
40dB, TGC: max, Gain: mid).

Figure 15. Thyroid ultrasonic image of cystic lesion with multiple

calcifications (similar to solid lesion) (Left: DR 92dB, Right: DR 40dB) -

TGC max, Gain max, Freq. pen.
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EXE

o
i

A

Setting parameters of ultrasonic scanners influence the quality of
ultrasonic images. In order to obtain optimized images sonographers need
to understand the effects of the setting parameters on ultrasonic images.
The present study considered typical four parameters including TGC (Time
Gain Control), Gain, Frequency, DR (Dynamic range). LCS (Low Contrast
Sensitivity) was chosen to quantitatively compare the quality of the
images. In the present experiment LCS targets of a standard ultrasonic
test phantom (539, ATS, USA) were imaged using a clinical ultrasonic
scanner (SA-9000 PRIME, Medison, Korea). Altering the settings in the
parameters of the ultrasonic scanner, 6 LCS target images(+15dB, +6dB,
+3dB, -3dB, -6dB, -15dB) to each setting were obtained, and their LCS (ie,
contrast ratio) values were calculated. The results show that the contrast
ratio (measured LCS) was high at the max setting in TGC, mid to max in
Gain and pen mode in Frequency and 40-66dB in DR. Images with the best in
the measured LCS were obtained at the setting of DR 40dB. It is expected
that the results will be of wuse in setting the parameters when
ultrasonically examining masses often clinically found in either solid
lesion (similar to +15, +6, +3dB targets) or cystic lesion (similar to

-15, -6, —-3dB targets).

Key words: ultrasonography, setting parameters, DR(Dynamic Range), LCS(Low

Contrast Sensitivity), Contrast Ratio, solid lesion, cystic lesion
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