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22 B9l 3¥l7ol] PACS (picture archiving and commu-
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219 Ee8lA 54 #H7hek A E3e(quality control, QC)
2o vy 83 Ark 3HTell QC FH3 Azt
Hagdo] Axe &2l viaFdlel SA4EE AFs
Be o Bol o] TolARTE olel e 45 AA T
g Z2a9e F2 SMPTE (society of motion pic-
ture and television engineers)®! sEly} 7+-2 Z¢hz ol ©lA
E e Ageto] Aztd wo Aol
ol] v)=-o)ghE-2] 8¢ (american association of physicists in
medicine, AAPM) Task Group (TG)1894]& ZA} & v
2Fdlo] AA 9 Ag Hrte AAL dFe BE ARXE
E9lt)l. AAPM TGI8 R LA+ Al (visual), &3
(quantitative), L8] 3L i-F-(advanced) T-F¢} 3ctA|2 FH
sto] A 57t whe 2ela, 4zhe] gt dhAlell
A s kel ik ARE 7] ulHste] AlFela
itk AAPM TGI8 EA & At tjaZdlole] A5 7t
(e Axge]) FEo8 7ol ol F(geometric distor-

tions), WEAH(display reflection), 3% "h-2-(luminance response),
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dencies), 5-8l-5(display resolution), x-o]=(display noise), W]
g Zdlo](veiling glare), 4% (display chromaticity)e} 7]€}
Bl] 2 E (miscellaneous tests)E E3+3}31c}h.”

2002 089 AAeEY AHIAHAL odAolE o)
HE=LoF 18tHe] CRT tv]AE#|o|(MGD521 MKII, Braco-
View, Belgium)$} 32 te] 3t LCD v AFd|o|(ME312L;
Totoku Electric Co., Ltd., Japan)E& E3%Hsl+ full-PACS (GE
Medical Systems Korea, GEMSK)2] AX& 9 g53le] A&
o As7] Apstglond, elzsgelel 0 v Y
& A Z=AT Aasls AAzZE 24 (calibration) S E&Hs}
- AERE -71‘-71315’—3 TePstgith. AAPM TGI8 K314
oflAE ¢ 8/ BETe] 3Zol tislo] HEg AePEA
(HVWTJ&VP g gkl WAL F1(H Y, o

i, 2714, efd)E ekl Hastar Qlvh /4
g]zq o8 978 tiaZdylo] AXd 3 A5 744/24:-'
gl AAE HAlste e 2go] dF A ALEI 9]
FTellA AFekEdiA A 871”4 PACS o
Ao A7 71 ML d3tew 8§ tiaFeo]
z(};‘(]g] /l(-)ll:ﬁ:l7}. =1} JS]CEV,}‘;]7]_’,‘_ 7HH]— o:]:‘Loﬂ = J/]./ll [+]
Zra ZRAEE APt 9l

H o Fof|A = AAPM TG189)] 715¢}o] 21§ & LCD ¢
2Zglo] AX9 AAZ A AT T ARy =9
Aol A3 BAS St Arele wre AE
#Hel 71E A V12 ArE e A 9 F7)DE A
szt g 2 AellAle B B4 A, d4
HQ A% st FHEA dEeE 3k vk, #

=

, willE, 22la HEE e ® ki

A Agsta 9E 1008 Fu LCD 3@ o2 Ealol
X](Totoku, Model ME312L, Japan)E A X3 Azl A
H7t Ao g AAsg k. MEL312L t]~Zdo] AHX)
20.8 inch active TFT monochrome LCD panel- & Al-£3}H,
tAaZdlo] WAL 4239x318.0 mm, pixel resolution-
2,048 x 1,536, 1 3% 600 cd/m’o]t}.
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Aol A48 10049] F LCD H o 2Ewlo] A
T 20043 119 129 AAAZL ;24 (calibration)S 3}od A&
qez YuHe Qaeletn WAL ko] Agelsie.
200513 2% 26 e 3% F7F oER, Halls, o
2l A5 55 AAPM TGI8 Kol whE A4 &
3 3 ¥, AR 23S Ak o] FE kg, Hs
E, B, 12la MEE Stk AR

7@% A zAl| A AlGst+ calibration = 2 18 (Medivisor
Totoku, Japan)3} monitor optimizer (X Rite DTP94, USA)

£ heoto AAsion 210 A e A2 o
gstod 410 cd/m’gie). A= WHE, E T JEE, Bl

agl3 M5 2% L2 telescopic photometric and colorimetric

(¢

ot
i

equipment (Topcon spectrometer SR-3, Japan) 18] 31 AAPM
dlaE REe Agsisi.

1) &= Y-S (Luminance response)

YeZae] 4x AAe] HEE EFHY daZdol
A2sle) D PaBdolsE HE Aol S WA
71 Aoleh. AFHQ AE WL AAE 18RAR o] Fol
2 TOISLN BI2E HRED HEAZ Agsto] o] ol
ZIcHFig. 1). 18l %75151 AN}EL = =4 Aol 3
£ Rolol ok T fzE A FA4S AFHES A
AR D5 g vaFalo] 4 Hol ATt A
171 cdim® o]Arolojok #}31, ulEtAgt 3] % 8] (luminance
1atio, LR=Luay/Luin) = 250 ©]Fo] Hoofglir}.

1. 48 oy
A B Anzegd Ggelsst A5 Ao
TG18-LN8-01 TG18-LN8-09 TG18-LN8-18

Fig. 1. TG18-LN-01 test pattern
(left), TG18-LN-09 test pattern (mid-
dle) TG18-LN-18 test pattern (right).
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3) CJAEd 0| 2dlls(Display resolution)

taEe] AlavoA 37 Ealled 2 SHERA
g Ex9 AZ oE HES Eelstd & F e 58S
ZA3%t+ ZAoltl. TG18-QC (== SMPTE) H|AE &g
tjaZHo]slS w 3&E3) £22] Nyquist frequency (line-
pair pattern)®] g3} 4 A lolA FHEAE ALt 7

. ”7{G 18-UNL10O™ | R/ TG18-UNLE0

Fig. 2. TG18-UNL10 test pattern (left), TG18-UNLSO test pat-
tern (right).

Measured contrast response for 18 gray level test results
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7o) I EE 2430 d2E el o] FotolA] A3
% 2}o], AL=200*(Lyer — Lior)/(Lver + Luor) % 7} 30% 1.
t} ztojol ghrl(Fig. 3).
4) C|AEY 0] M=(Display chromaticity)
taEdle] Axe A Hze &5 YA ol AdA
ALEE gekdl Az FEA(gray-scale)?] AHE =z3}HA]7)
= dl Faslth Ay MEE FA37] s, 44
(colorimeter)2} TG18-UNL8O H|AE el Alf3lo] T]A
Z o] A xule] Fotat 4 BAE BEA A48 AF
wet v ARES F% Ay FdE WHEE ¢ A,

@', vi)¢ W, v2), Aol A D=(w’ —w’)+v’—

Fig. 3. TG18-QC comprehensive test pattern.

Measured contrast response for 18 gray level test results
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Fig. 4. Example of measured contrast response, which is related to the expected contrast response associated with DICOM 3.14
standard luminance response with 10% tolerance limits indicated with dot lines, for before (left) and after (right) calibration.
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HoHZT - 25| : AAPM TG180| oIst AETE LCD CIASHOl BXl HEHel 510 NEH 24
v Aleome ALY FEL faZae] & gk
Aol A A Ag] L& #HEE 001 E} 22 Zholojof 3= ol ofgt Halls HAoNA AT 28 A
3t} % % 3|5 20| E Fo}(center, CT), Y Y% (top left, TL), ¢
E Z(top right, TR), o}z}]¢1 % (bottom left, BL), L2} 1. o}
g 3 71| 2 22 (bottom right, BR)ol| thsle] z+7t Fig. 604 £4)
slaict.
10t} Totoku ME312L & LCD H vFdo] # A5 Z2AA AR A A & HF Ay 7YUE
X (n=10)0l] heto] AA7ZE A A} %9 3= wk-g ZH4 W< (D)= 7HZ 0.0040-+0.005, 0.0028 +0.00059] t}.
A3} DICOM 3.14 £% 3% uhL 3<~(DICOM part 14

grayscale standard display function, GSDF) -2 % JND (just
noticeable difference) indices® w3l zrE HESo g
Fig. 45 5o EAshglom 4Rzt 24 Aol Hlste] m7
£ AL uge WAL Ve 1 el Beld B4
0] Lug @™ ¥]5), LR (luminance ratio, 3}58]) % AL
R o) A=k 244 20 AT Aolo) Aok
Table 1of] VERHSACH

= T JEE HIAEZRY AAg 2 A ¥ F
) 3= wo|= TGI8-UNLIO H|=E dglol] thste] 2H7}
27.4+249% 28]x 21.5+62%P e, TG18-UNL30O H]
2~E ¥l tale] 27 21.5+4.6% LEl T 233+3.7%

—e— Before calibration
--a—- After calibration

-10 1

% deviation of dL/L from GSDF

- 1 5 -
18 gray level on TG18-LN patterns

Fig. 5. Contrast response computed for 18 gray levels (n=10).
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Backlight A8 %% LCD el Zolo] 4AE A4
A|Zbo] 7 3etol] w2l backlighte) $| =7t Aoz 7}
Asb, gt DICOM (digital imaging and communications in
medicine) Part 14: Grayscale Standard Display Functionel] 2]
St AR o) WA Dk vk AWAY =

oz Agst 98§ taFdel AL FAHoz
S8 E Aol APl 2THE HEel

The % difference between the maximum and

127 minimum luminance values
10
g 87
e
o
£ 61
hel
X N
4 1 —e— Before calibration
-—a- After calibration
2 -
0 T T T T T
0 CT TL TR BL BR

Five locations over the faceplate of the display device

Fig. 6. The % difference between the luminance on vertical
lines and the luminance on horizontal lines (n=10).

Table 1. Additional average values derived the results of luminance response tests and the maximum luminance

of the LCD displays was set to 410 cd/m? (n=10).

Lonax (cd/m?)

LR:Lmax/ Lmin

ALmax (%)* Contrast deviation

Before calibration 477.2+34.5 481+111 17.6£5.0 12.8+59 (%)
After calibration 4199144 446+73 0.9+05 46+09 (%)
AAPM criteria <170 <250 >5 >10% of GSDF

ALmax {%)*=100 X (measured maximum luminance-desired maximum luminance)/desired maximum luminance.
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AAPM TGI89|A] 28§ t|aFdo] A A5H7HA

E#el2 Aushs Pl A% T AaEL
B pielZ9) w22 FAE F o 2Zdo)
& Rolulele, i A% A B4 3 49 9
29 At 77 Fasln, oj= A PlAEE f&
Zd]o] A]A® 2] normalized noise power spectrum (NPS)-3
Tafjob 3t7] wiEoll A W A E o]z HAE
ol thste] A7+ HIAEE AAge} g wid® 2eo]
HAEE AR Wdthche gaEae] AX7t 7tA 1
Ue s B4l FE2 &3t} o3t o| K& V)5
N3, BhAL, o]z, e WY ® FHElo] HAEs B o
Toll EgkslAl gkoket.

Fig. 49} 5ol 4 ¢} zto] AAZ 24 A 5 3= gt
H|AEol|A] 24 Zol| contrast response?] Hx}7} 2A
off ¥jgte] Zhaste g HoFrh 447 24 A 3=
HbS- HlZEoA 10u]9) tjaF#le] Ax] F 4] con-
trast response7} AAPM TG180l|4] @AIrsl+= 10% 3]-8 EHA|
£ Holytort 3% Foll= 5 AAPM TGI8ol A A gk
Well Eahulglch. oleak Auki Ak ZAo| HAE b
2o AAE PaAsEd EHYYS RolFeh Table 1
oAt 2ol Hul I ELmet vFE2EE HY 2 &
A3 FH FE Aole] Ao|(ALm) T ARZL 2l <3}
o] Y} A5 Eg HoiFrh

ARk 2ol A A T AER, F & Hele
=15k o)7} 99w TGI8-UNLIO B|~E sfelol] ti3t
¥io]7} TG18-UNLSO H|AE dleld] u]sle] 3A Vel G&
HolZu},

HaZalo] 429 AL dxEdA ARz 2Pl ¢
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Quantitative Analysis of Effects for Quality Control on Medical Primary
Class LCD Display Devices Based on AAPM TG18 Report

Haijo Jung*, Hee-Joung Kim**

*Research Institute of Radiological Science, Yonsei University, TDepartment of Radiological
Science/Radiology, Yonsei University College of Health Science/Medicine

The image display is an important component of PACS and of medical digital imaging chain. Displayed
image quality is affected by the physical characteristics of display device, appropriate clinical settings and
calibrations, and ambient lighting conditions. The performance of display systems is continuously degraded
over time due to luminance deterioration and changes of clinical setting parameters. A routine QC is
recommended because the performance of display systems is continuously degraded over time. Ten flat
panel monochrome LCD display devices were included in the evaluation of the QC effect. The effect of QC
on primary class LCD medical display devices for selected QC tests was evaluated by comparing the
performances, luminance response, luminance dependencies, display resolution and display chromaticity in
this study, of before and after the calibration procedures. The effects of the QC are significant to luminance
response and luminance spatial dependencies test and the other side, are slight to the display resolution and
display chromaticity test. A routine QC of display device is essential for the consistency of medical image
display and presentation. The study of the QC effects of display devices will play an important role in
practical QC procedures of display devices.

Key Words: AAPM TG18, Quality control, Display device, Primary class LCD
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