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» 2KOTTOZ

O €Aeyxog¢ tTwv latpikwyv oBovwyv , HE TN HOP@R OOKIHWY ATMOOOXNG
N ouxvwy eAéyxwyv  mowotntag (QC) mapexer €va  HEoO
HE TO omoio 0 Xpnotng pmopei va BeBaiwbdei o0tl N moloTNTA TG 000VNG
gival EmMapkng Kai olatnpeital EMapKNG o€ OAN TNV WE@EAINN OlAPKELA
{wNg TNG GUCKEUNG.

KaBopioel emiong mote pia o0ovn Oa mpeEMel va amocupOei , mplv TUXOV
Kakn Agltoupyia tng, eEmMnpedcel SUCHEVWG T O1ayvwon.

EmmAéov, €va oAOKANPWHEVO TPOYPAUHA - GUOCTNHA TIOIOTIKOU £AEYXOU
TwV  atplkwy oBovwy JOlac@aAilel opolopop@ia TNG AmModoong
Twv 00ovwv o€ 0AOKANPN TNV KAVIKA 1 To NooOKOpEI(O.

Mewwvovtal £€tol mMOAVEC AVOHUOIOHOPYIEC OTIC KAIVIKEG ATMOWACEIS , TTOU
moOavov mpokumtouv e€altiag tou mw¢ ep@avifovral ol €IKOVEG Of€
OlaWOPETIKEG CUCKEUEG.
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» YITAPXEI ENNOIA ;

Investigative Radiology:
. anuary - Volume 38 - Issue 1 - pp 57-
Quality Assu 2003 - Volume 38 - | 1 57-63
v Original Investigations

AL SaVVA’, 8. OISO s, P A e
V. c Influence of Monitor Luminance Change on Observer Performance
for Detection of Abnormalities Depicted on Chest Radiographs

The (!11311'[}’ O{:‘ Tllﬂ ] IKEDA, MITSURU MD™; ISHIGAKI, TAKED MDT; SHIMAMOTO, KAZUHIRO MD+; KODERA, YOSHIE PhD#;
Monitor 1s not t‘BSll}f obs KOYAMA, SHUJI PhD#; USAMI, HISASHI MDt; KATO, KATSUHIKO MDT

that use them. A deprade
diagnostic conclusions. [—| Abstract

lefﬁ‘!‘ﬂncf?s were fou lkeda M, Ishigaki T, Shimamoto K, et al. Influence of monitor luminance change on chserver
formed m this Stlld}’ that performance for detection of abnormalities depicted on chest radiographs. Invest Radiol

ance levels. These indic 2003,38:57-63.

roeram must be put in Rationale and Objectives. To investigate how changes in luminance affect the detection
PIog P accuracy of radiclogists viewing chest radiograph images on high-resclution CRT monitors.

displayed image is diagn _ _ o _
Due to this studv it Materials and Methods. Thirteen radiclogists performed a detection task for 11 chest
. uc 1o 11.5 study 1T W radiograph images with simulated nodules on a monitor with 11 luminance conditions (the
will be carried out on maximum luminance ranges from 157 4-369.0 candela/m*) simulating CRT degraded by
; . long-term usage, under the ambient illumination of 200 lux; the observation order was always
111011t111y intervals. from the darkest to the brightest.

Results. There was a statistically reliable effect of the 11 monitor display conditions on the
detection of nodules (F < 0.001). In the conditions in which the maximum luminance of the
CRT was 60.7% or below that of the standard display luminance, the correctly detected
nodule number reliably deteriorated.

Conclusions. The luminance change in CRT monitor display under long-term usage will have
a detrimental effect on nodule detection performance in chest radiograph images.
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» YITAPXEI ENNOIA ;

Current Situations and Problems of Quality Control for Medical Imaging
Display Systems

Takayuki Shibutani,"** Tsuyoshi Setojima,’ Katsumi Ueda,' Katsumi Takada,' Teiichi Okuno,’
Masahisa Onoguchi,” Tadashi Nakajima,' and Ichiro Fujisawa’

' Department of Radiological Technology, Kishiwada City Hospital
* Department of Health Sciences, Graduate School of Medical Science, Kanazawa University
! Department of Radiology, Kishiwada City Hospital

Received October 7, 2014; Revision accepted February 20, 2015
Code Ho. 920

Summary

Diagnostic imaging has been shifted rapidly from film to monitor diagnostic. Consequently, Japan medical
imaging and radiological systems industries association (JIRA) have recommended methods of quality control (QC)
for medical imaging display systems. However, in spite of its need by majority of people, executing rate is low. The
purpose of this study was to validate the problem including check items about QC for medical imaging display
systems. We performed acceptance test of medical imaging display monitors based on Japanese engineering
standards of radiological apparatus (JESRA) X-0093*A-2005 to 2009, and performed constancy test based on
JESRA X-0093*A-2010 from 2010 to 2012. Furthermore, we investigated the cause of trouble and repaired number.
Medical imaging display monitors had 23 inappropriate monitors about visual estimation, and all these monitors
were not criteria of JESRA about luminance uniformity. Max luminance was significantly lower year-by-year about
measurement estimation, and the 29 monitors did not meet the criteria of JESRA about luminance deviation.
Repaired number of medical imaging display monitors had 25, and the cause was failure liquid crystal panel. We
suggested the problems about medical imaging display systems.

Key words: monitor, Japanese engineering standards of radiological apparatus (JESRA), quality control (QC),
luminance, liquid crystal display (LCD)

Results. There was a statistically reliable effect of the 11
monitor display conditions on the detection of nodules (P <
0.001). In the conditions in which the maximum luminance of
the CRT was 60.7% or below that of the standard display
luminance, the correctly detected nodule number reliably
deteriorated.

* Proceeding author
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» YITAPXEI ENNOIA ;
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Fig. 3 Comparison of max luminance for 4 years from 2009 to Fig. 6 This diagram indicates the relationship between max
2012. luminance and operating time.

Results. There was a statistically reliable effect of the 11
monitor display conditions on the detection of nodules (P <
0.001). In the conditions in which the maximum luminance of
the CRT was 60.7% or below that of the standard display
luminance, the correctly detected nodule number reliably
deteriorated.



https://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https%3A%2F%2Ftaniamarieartist.wordpress.com%2F2013%2F12%2F10%2Fyoure-only-as-strong-as-your-weakest-link-but-as-wise-as-your-strongest%2F&ei=ODFwVbu0Ecr0UPL5gbAI&psig=AFQjCNHdzab-xPY84d7D-YHwVhYIuzelCw&ust=1433502385174343
https://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https%3A%2F%2Ftaniamarieartist.wordpress.com%2F2013%2F12%2F10%2Fyoure-only-as-strong-as-your-weakest-link-but-as-wise-as-your-strongest%2F&ei=ODFwVbu0Ecr0UPL5gbAI&psig=AFQjCNHdzab-xPY84d7D-YHwVhYIuzelCw&ust=1433502385174343

» TI KANOYME AOITTON

BAZOYME MPOIPAMMA !
MNa TG cUYXPOVEG I1ATPIKEG 0OOVEG, Ol KATACKEUAOTEG OUXVA napexouv ™
gpyaleia (AoylopIKa) EAEYXOU £10IKA YIA TNV CUYKEKPIUEVN CUCKEUN.

Av {ntnBei, pmoOpoUV e€mMioNg va €EKTEAEOOUV TOV EAEYXOo dAMOOOXNG
TNG 000VNG KATdA TNV £yKAtTAotaon.

Eivat onpavtikO Opw¢ o Xxpnotng ave€dptnta va emaAnOeucel
Tnv amodoon TNG 000VNG KATA TNV EYKATAOTACON Kdl vd EAELYXElL TIG
TAPAPETPOUG ouxva Kab 'oAn tn didapkela {wng tng 00ovng.

To KaONKov auto EPTITTEL OTIC EMAYYEAMATIKEG €UOUVEG Twv DuUoIKWY
laTplKAG.

Mnviaiot i} Tpiunviaiol €EAgyxol , HTOPOUV va EKTEAOUVTAL AMO EKMAIOEUHEVO TEXVIKO UTIO TNV AUECN
emiBAewn gvog Pl. O1 mo ekteveig OOKIPEG (OOKIPEG amodoxng Kal etnola QC) , mpEmel va yivovral
armo TOV (PUCIKO LATPIKNG.
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» TIPQTOKOAAA

AAPM TG-18 .ws

IPEM Report 91

DIN 6868-57

DIN 6868-157

JESRA X-0093

IEC 62563-1
ACR-AAPM-SIIM  rccncns smnoneo

FOR ELECTRONIC PRACTICE OF MEDICAL IMAGING- Display part (2014)




» KI' ATTO TTOY N’APXIZElI KANEIZ;

Ano tnv BAOMONOMHXH B<Baia !

O tpOTOG TOU TO aAvOpwWTIVO HATI AVTATOKPIVETAL OTIC AAAAYEG OTA EMMEDA TOU (PWTOG
Oev €ival YpAPHIKOG.

e XapunAd emimedd, HTOPOUHE VA TAPATNPNCOUHE HIKPEG AAAAYEG OTNV PWTEIVOTNTA.
Xe UYnAOTEPN PWTEIVOTNTA, N aAAayn TPEMEL va €ival MOAU HeyaAutepn mplv
avtiAn@OouUpe tn Sla@opd amo To £vd €MIMESO PWTEIVOTNTAG GTO EMOMEVO.

JHND Luminance JND Luminance

733 509, 0744 —r—F3— 603 0758




» BAOMONOMHZZH AOITTON.....

" -1(2121@;

Digital Imaging and T
Communications in 3 190;
Medicine (DICOM) ST
Part 14: Grayscale <
Standard Display SR
Function (GSDF) S|
.14

G 200 400 600 808 1000
IND INDEX

Just Noticeable Differences

Autiq n kaumuAn DICOM meplypdgel Hia OCUYKEKPIMEVN amodoon yla TIG
ATMOXPWOEIG TOU YKPlL HIag o0ovng, o€ €va KABOPICHEVO E£UPOG TIHWV
PWTEIVOTNTAG , TTOU €ival 6Xe00V YPAUHIKA oTNV avtiAnyn.

BeBaiwvel otl £€va Otcdopévo emimedo TOU YKpL Oa epgavictei to idio
amo tn Hia 00ovn otnv aAAn.



» Kot TTQ2:

‘OAeG o1 véeg 000veg LCD amootéAAovtal e Epyootaciakn Babpovounon oup@wva He
1o mpotumo DICOM. Qotdc0, N GUPHOPYwWON Twv 00ovwyY TPOG TNV KAPTUAN DICOM dev
gival 0g00PEVN OTOV XPOVO (AKOUN Kdl N HETAQOPA KATA TNV APXIKN ayopd PMOpPEi va
EMNPEACEL TNV APXIKN €pyooctaciakn Babpovopnon twv obovwv). Katd ocuvémela,
EVATIOKEITAl OTOV TEAIKO XpNotn va emaAnOeUocel €dav €va OXi Hia véa oBdvn 1 pia
000vn og xpnon €ival cupwvn pe to DICOM part14.

PATTERN

1N




» Kot TTQ2:
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» YITXPXOUV XTTXLTHOELC....

Instrument

Desired requirements

Purpose

Nearrange luminance meter

Telescopic lnuminance meter

Muminance meter

= Calibration traceable to WNIST

* 0.05-1000 cd/m* luminance range

= Better than 5% accuracy

» Better than 1077 (ideally 1073) precision

= Aperture range =5 deg

= Better than 3% compliance with the
Commission Internationale de L Eclairage (CIE)
standard photopic spectral response

= Those listed above for near-range meter
= Acceptance angle =1 deg
= Ability to focus to an area =6 mm

= Calibration traceable to WNIST
= 1-1000 lux illuminance range
= Better than 5% accuracy

= Better than 3% compliance with the

CIE standard photopic spectral response
+ 180 deg cosine (Lambertian) response
to better than 5% out to 50° angulation

Luminance and luminance uniformity
measurements

Luminance, nminance uniformity, refiection,
angular response, and glare measurements

Reflection and ambient lighting measurements

Light Luminance
Source Photometer
(cd/m~ 2)

Cosne
Corected
Sensor

lllumwated Surface

llluminance
Photometer
(lux)



» TEST PATTERNS

Geometric distortion, amootaon 30 cm.



» KoL TL XANO VX EAEYEW;

Table 2, Test patterns recommended for display quality evaluation. The patterns
are divided into six sets. Most patterns are available in 1024 » 1024 size and in either
DICOM or TIF formatl. Some patterns are available in 2048 = 2048 size.

Set Series Type Images Deseription
Multi Purpose TG E-0C Vis AQnt. I Resolution, luminance, distortion, artifacts
1k & 2k) TG 8-BR Visunal 1 BEriggs pattern, low-contrast detail vs. luminance
TG 8-POC Vis AQnt. l Resolution, luminance, contrast transfer for
prints
Luminance TGL8-CT Visual I Lumipance response
{1k only) TG1E-LN {ant. 1% DICOM grayscale calibration series
TGLE-LUM Visual 2 Luminance and color uniformity, and angular
response
TG 8-UNL uant. 2 Same as above with defining lines
TG E-AD Visual I Contrast threshold at low luminance for evaluating
dizplay reflection
TGl 8-MP Visnal | Luminance response (bit-depth resclution)
Resolution T 8-RH {uant. 3 5 horizontal lines at 3 luminance levels for LSF
{1k and 2k} avaluation
TG 8-BY (uant. 3 5 vertical lines at 3 luominance levels for LSF
avaluation
TG 8-PX (uant. 1 Array of single pixels for spot size
TG 8-CX Wisnal 1 Array of Cx patterns and a scoring reference for
resolution uniformity
T18-LPH Wisnal 3 Horizontal bars at 1 pixel width, 1716 modulation.
3 luminance levwels
TG 8-LFY Visual 3 Wertical bars at | pixel width, 1516 modulation,
3 luminance levels
Molze TGl 8-AFC Visual 1 4AFC contrast-detail pattern, 4 CD values
{1k only) T 8-NS {Juant. 3 Similar to BENVYEH, 5 uniform regions for nojze
evaluation
slare TG 8-GV Visual 2 Drark-spot pattern with low-contrast object
{1k only) TG E-GO {ant. 3 Dark-gpot pattern for glare ratio measurement
TG 8-GA {Juant. 2 Wariable size dark-spot patterns
Anatomical Tl 8-CH Wisnal 1 Reference anatomical PA chest pattern
{2k only) TG 8-KM WVisnal 1 Beference anatomical knee pattern
T 8-MM Wisnal 2 Reference anatomical mamimogram pattern
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17 mpotuma, eviaio @ovto 50% , KEVIPIKO
TETpAYWVO Pe otadlakn auénon kata 10%,
apxilovtag amo Lmin +10% €wg Lmax, o€
ioa Bnpara.

- Owta Owpatiou KAeglota (amoAuto

OKOTAOl)
- Metpape KAOe BApa Kal TO CUYKPIVOUUE HE




» Min-Max Grey values

EmmAov, ta OUo TeTpAywvd PE EAAXIOTN Kal HEYIOTN TIUN pixel mepiExouv
EVOWHATWHEVA TEPAYWVA HE OLAPOPETIKN TIHUN EIKOVOCTOIXEIOU (TTapopolda
HE TIG MEPIOXEC 5% Kal 95% oto SMPTE )




» Line pair /Resolution

Edge enhanced

Kal 0To KEVTPO Kdl OTIG TECCEPEIG YWVIEG.



» Cx patterns— ©oAwon

MotiBa Cx oto KEvVIpo Kal
OTIC TECCEPEIC YWVIEG VE
OUYKEKPIUEVEC TIHEG
£IKOVOOTOIXEIWYV MAVW OfF
HNOEVIKO umoBabpo.



» QUICK CHECK- Low Contrast Detectability




» Bit Depth-Contouring Artifacts

AUo Kabeteg pmapeg WEe
ouvexn petaBoAn Tiung pixel
ylia va afloAoynOsi to bit
depth kat tuxov artifacts.




» Video Artifacts

Mia opiZovTtia mEPIOXN OTO MAVW KEVTIPIKO TUNHa Tou test pattern yia tnv
omtikn afloAoynon twyv cross talk oe emimedeg 0O0OvEG.




» NoX TTpOCGEEW KXL KXTL XAANO;

>H 000vn mpEmEl MAvVTA va TOMOOETEITAl £TOL WOTE VA EMTUYXAVETAL N
gAaxiotomoinon TNG KATOMTPIKNG AVAKAAONG AMO AMECEC TNYEC (PWTOG,
OTIWG (PWTA OPOWPNGS N XEIPOUPYIKEG AAUTEG. Asv Ba MPEMEL va UTAPXOUV
AVTAVAKAAOEIG AQUTWY TWV TNYWV QPWTOG 6TNV mpoocoyn tng 006vng yia Tig
ouvnOwC XpnolomoloUNEVEG OlEVBUVOEIC OEaong.

>MoAAEG 000veg , omwg ot CRT, emnpealovtal amo payvntika media Kai Ogv
Oa mpEmel va tomobeToUvTal O MEPIOXEG PE IOXUPA HAYVNTIKA media ( m.X.
otnv neploxn tou MRI scanner), ektog av €ival KaATAAANAd OwpPAKIGHEVEG.

>Mplv ano tov €Agyxo piag odovng, n cuokeun 6a mpemel va OgpuavOei yia
mepimou 30 Aemtd mplv amo tTnv afloAdynon, €10l WOTE TA NAEKTPOVIKA va
otabepomoinbouyv.
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