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Abstract This study aimed to evaluate the imaging performance of ultrasound systems in clinical and educational institutions
using the ATS-539 phantom, and to analyze performance differences based on device usage duration and the presence of
quality control. The study further highlights the need for standardized national quality control guidelines. From January to
February 2023, a total of 41 ultrasound devices installed in medical facilities and university laboratories in the Seoul and
Gyeonggi regions were evaluated, Eight image quality parameters were assessed using the ATS-539 phantom, with each pa-
rameter measured six times, Statistical analysis was conducted to determine differences based on institution type, usage period,
and quality control implementation. Among the devices, 58.5% passed all performance criteria. Devices in medical institutions
showed a significantly higher pass rate (75%) than those in educational institutions (42.8%)(p ¢ 0.05). Devices with shorter us-
age periods demonstrated better performance (p € 0.05). Furthermore, systems with regular quality control showed a higher
pass rate (83.3%) compared to those without (54.3%). The ATS-539 phantom is a reliable tool for objectively assessing ultra-
sound performance. Given that ultrasound units in educational settings are integral for basic training, regular performance
evaluation and quality control are essential. This study underscores the urgent need for national-level quality control standards

and systematic performance monitoring protocols,

Key Words : Ultrasound Imaging, ATS-539 Phantom, Performance Evaluation, Educational Equipment, Quality Control

.M 2 Bt Aw Fejof oigh AAIA e nlgst Aot o=

W87 5 v A 3gollxle] ol gt A - Al &

253} GARS AARE GAF BE, BRI, AdlEer e FVFATReR W] fiEeR siEn). n=elskaelsty]
vl So] Aoz olFf, WAl Mz ohe} HACR WS (AAPM)[4] & Ul%ia—JHo@(AIUM) [SloME 223t %
HoplNw de] 281 9Jtl1,2]. E3], AR A THL H]o] S Sl WS o83t s H7} 7152 AXISE
Zcke] AlFwEiut olua} ofju] AR 919 7% ) siA a1 glow, sfjolxw et delets] 9 tigtxgatolsish=

Y o IRl aaole3], TEu Ul S| 20039FE ATS-539 WS 35 W= Aaisicie],
M= 283} n)|o] Fgo] Fslow Borslal, o] Ay o] W2 QA AT} FARE EOR A=l & G,

Corresponding author: Sungchul Kim, Department of Radiological Science, Gachon University, 191 Hambakmoero, Yeonsu—gu, Incheon—si,
21936, Republic of Korea, / Tel; +82—32—820—4364 / E—mail: ksc@gachon,ac kr

Received 14 July 2025; Revised 6 August 2025; Accepted 13 August 2025

Copyright (©2025 by The Korean Journal of Radiological Science and Technology

Journal of Radiological Science and Technology [Vol. 48 No. 4 2025] 375



Ji—Young Jin*Sungchul Kim

FAAR 54, 71sA s, W 5 TRt el oidt
B7VPE 7hs510H2,3,6]. 710 AFeS = Y BHIE
Joi 3] WHe| 184S UTIREL: ke Rt
TRt bgoli] 25ut Anle) e SRR BAT at
+ F531EH3,6,7]. wEbA 2 Atolde Ak 2 7] A9
WS B ST RHefA A ARE- S0 25 IS ATS-539
WS Z8sto] s FriskaL, gule] AR Rt B e
o ] BRIE FAFA sl 531, sHEelA 7]
2 A 58S 7EA= A ] Qe wov|e] 2oul &
vlof tigt Adeiele) Beids I sk} S
Il. S7xiE S giH

1. A7 oy

B e 20234 19~2971K] AL, A= X2 oY
SUHY, diehge, dietal S ARESIaL Qe 23t

] 41T Q)27 20TH(48,8%), theh A4 21T(51,2%),
21l 5t(12.2%), Z3H< 8th(19.5%), ThElE<Y 7oH(17.1%)]
£ ez 6}?‘;4.

2. 97 M=
233} ol 5 75410 13744 mdlo] ARgEgLe

H8 B5=8 g=Aconvex probe)| 79 Au|mdujc} g
Ap Fule o] th27| izl 1~6 MHz 89| 5, g4
ﬂlra]xp]- AALAA} A] A ARESH= 2|20 Zuldao) HE 4
ZEQo] FA gepulelgte s Al"seirt. TGC(Time Gain
Compensation)= £0}0 &2 24351911, depth= 2F 94 &
7RHEEE 5 cm~16 cm HO= 2459t 249 oA =
Z0)7] Y3l ARDMS(n|=Z2u} A4S AX|51 YA 7

H
s

ol Fiat 199] 2Sup e Agslsich. gl Ak
B9 283} WL 20034 HeAelekle} thetgutelst

Slof|A] A 02 QIS 22u} HE WE ] ATS-539 (CIRS
Inc. )& AMESIROH, =2 F71 WY (Tlssue Equivalent,

Horizontal Group

Axial-Lateral
Resolution Array ~ * 5

b)

Dead Zone Nk * Anechoic Target Structures
o % & Qoo
OO0ovoe
O 0o
+15dB
for Linear Arrays ~ * O O 0ooe
. Q0o Q
QO0o0oe s
]
; O oo Q 5
e g
g OOooo 3
H +3d8
[ O oo ki
e Kl
! 0Oooo- @1
= =
Oo0° 3e §
O Qo000
Y O oo
Horizontal Group &4
for Sector Scan  * O Q 0O0oo B
O oo ‘
O0Ooo0o
A5d8
O oo
8 6 4 3 2

Fig. 1. ATS-539 Phantom
(a) Actual photograph of the ATS-539 phantom
(b) Schematic diagram of the internal structure

Table 1, General Specifications of the ATS-539 Standard Phantom

[tem

Specification

Material

Polyvinyl chloride (White)

Core material

Rubber urethane (Urethane)

Weight

3.1 kg

Size

23,4%20.5%9.5 c¢m

Scannable surface dimensions

17.5x7.5 c¢m, 14.0X7.5 cm

Speed of sound

1,450 m/st1.0% at 23°

Attenuation coefficient

0.5 dB/em/MHz+5.0%
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Fig. 3, Phantom Image for Vertical Measurement
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Fig. 2, Phantom Image of the Dead Zone
(a) Phantom image that passed the visual assessment
(b) Phantom image that failed the visual assessment

Journal of Radiological Science and Technology [Vol. 48 No. 4 2025] 377



Ji—Young Jin*Sungchul Kim

Fig. 4, Phantom Image for Horizontal Measurement
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Fig. 5. Phantom Image of Axial/Lateral Resolution
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Fig. 6. Phantom Image of the Focal Zone
(a) Phantom image that passed the visual assessment
(b) Phantom image that failed the visual assessment
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Fig. 7, Phantom Image of Sensitivity, (a) Phantom image that passed the visual assessment,
(o) Phantom image that failed the visual assessment

Fig. 8, Phantom Image of Functional Resolution, (a) Phantom image that passed the
visual assessment (b) Phantom image that failed the visual assessment
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Fig. 9. Phantom Image of Gray Scale and Dynamic Range (@) Phantom image that passed
the visual assessment (b) Phantom image that failed the visual assessment
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Table 2, Evaluation Results by Measurement Iltem (n=41)
Measurement items Standard - Measrement Pass
Min Max Mean=SD N(%)
Dead zone (N) 9 8 9 8.9810.15 40(97.6)
Vertical measurement (cm) 10.0£1.0 cm 9.37 10.12 9.71£0,16 41(100)
Horizontal measurement (cm) 8.010.4 cm 7.98 8.93 8.3310.18 35(85.4)
Axial/Lateral resolution (N) 117§ 11.0 11.0 11%0 41(100)
Sensitivity (cm) 16,0+1.0 cm 15.1 16.9 16.240.53 33(80.5)
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0.4 cm: 37§ 0.4cm: 1770
Total 24(58.5%)
Table 3, Evaluation Results by Institution Type
Institution Type Pass (n, %) Fail (n, %) Pass Rate (%)
Clinics 5 3(7.3%) 2(4,9%) 00.0%
General hospitals 8 7(17.1%) 1(2.4%) 87.5%
Medical institution Unive.rsity ; 5(12.2% 24.9%) 1.4%
hospitals
Sub total 20 15(36.6%) 5(12.2%) 75.0%
Educational laboratories 21 9(21.9%) 12(29.3%) 42.8%
Total 41 24(58.5%) 17(41.5%) 58.5%
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Table 4, Pass Rate of Ultrasound Evaluation and Mann-Whitney U Test by Institution

N M+SD p-value
Medical 20 0.75%0.44
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University US Lab 21 0.42+0.50
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Table 5, Comparison of Mean and SD of Equipment and Probe Usage Periods Between Pass and Fail Groups

Equipment usage period M+SD p-value
Pass (n=24) 7.33%5.19
0.001
Fail (n=17) 13.82+5.37
Probe usage period M=SD pvalue
Pass (n=24) 7.21+5.26
0.002
Fail (n=17) 12,6515.58
M: 34t SD: EFHx}
Table 6, Evaluation Pass Rate According to Quality Control Implementation and Fisher’'s Exact Test
QC Implementation Pass (N) Fail (N) Total (N) pvaue
Performed 5 1 6
0.37
Not performed 19 16 35
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