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Optimizing the minimum detectable difference of chest protocol
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Optimizing the minimum detectable difference of chest protocol DR system by V-shaped line gauge phantom

Abstract

Background: The Minimum Detectable Difference (MDD) of Digital Radiography (DR) image systems was quantified and
optimized using a self-developed V-shaped line gauge phantom and Taguchi optimization analysis. The increased clinical
applications of the DR system are mainly due to its ability to provide instant and precise imaging for radiologists to
diagnose. Objective: The purpose of this study was to optimize parameters for MDD values based on Taguchi's analysis
and to verify a self-developed V-shaped line gauge phantom for the chest protocol of the DR system. Materials and
methods: The chest protocol was exposed using the V-shaped line gauge and solid acrylic water phantom in various
sizes with the DR system. Five factors were assigned in this study: (A) focal spot, (B) kVp, (C) mAs, (D) filter, and (E)
phantom thickness. Since each factor could have two or three levels, eighteen groups of factor combinations were
organized according to Taguchi's algorithm. The V-shaped line gauge images were estimated. ANOVA was adopted to
determine the significant factors and MDD values to evaluate the spatial resolution. Results: The optimal parameters for
the highest Signal-to-Noise (S/N) ratio were as follows: (A) large focal spot, (B) 140 kVp, (C) 6.25 mAs, (D) 0.1 mmCu
filter, and (E) phantom thickness of 16 cm. Conclusion: The optimal parameters in this study provided an MDD value of
0.87 mm compared to 1.66 mm for conventional parameters. The self-developed V-shaped line gauge phantom also
proved to be suitable for the DR system. Furthermore, all factors affected the image quality with statistical significance

following the ANOVA analysis.

Keywords: V-shaped line gauge phantom, Minimum Detectable Difference, Taguchi analysis, Digital Radiography
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AN 2 uaRIANEULR, ANAE, EIUTEUUIIATEIU WAz S/N AINNITEUNTNLAINNITNAADINI 19 VaEaUe 3 AU

Factors Results
Exp. Phantom
Focal spot kVp mAs Filter (mm Cu) thickness Avg SD S/N
(cm)

1 Small 120 None 16 1.40 0.265 -3.0
2 Small 120 B 0.1 20 1.77 0.231 -5.0
3 Small 120 6.25 0.3 24 2.17 0.321 -6.8
4 Small 130 4 None 20 1.77 0.208 -5.0
5 Small 130 5 0.1 24 1.47 0.503 -3.7
6 Small 130 6.25 0.3 16 1.40 0.265 -3.0
7 Small 140 4 0.1 16 1.37 0.321 -2.9
8 Small 140 5 0.3 20 2.17 0.208 -6.7
9 Small 140 6.25 None 24 1.83 0.252 -5.3
10 Large 120 4 0.3 24 3.30 0.173 -10.4
11 Large 120 5 None 16 1.47 0.321 -3.5
12 Large 120 6.25 0.1 20 1.47 0.321 -3.5
13 Large 130 4 0.1 24 2.43 0.252 -7.8
14 Large 130 5 0.3 16 1.43 0.252 -3.2
15 Large 130 6.25 None 20 157 0.351 40
16 Large 140 4 0.3 20 2.43 0.153 -7.7
17 Large 140 5 None 16 2.37 0.058 -7.5
18 Large 140 6.25 0.1 24 1.30 0.265 2.4
19 Large 130 5 None 20 1.40 0.400 -3.2

Exp. = M9NAAIATIAN (experiment no.), Avg = ANLaAt(average) SD=AT8UUULNATEIU (standard deviation) S/N= dngndu

FYNINFYIUAUFUQIUTUNIU (signal-to-noise ratio)
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mﬂu‘ﬁ' 19 U1 mez¥in1An MDD laaldldsunsu Imaged
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MDD iléannnguit 18 fantlasiian fa 0.87 fadwuns
war MDD NWN9Nilaasiay Aa 1.66 UAALIAT LHAIANL
AN3aT 4

Uit 49 atuil 1 unsrA - SuAN 2567



Optimizing the minimum detectable difference of chest protocol DR system by V-shaped line gauge phantom

(A) nlsaasn i fanitusssning (B) nsmliaaan nuFniuisznin
fundpves SN ez szduvaatad daunﬁmmummgmma S/N uaz szauveilady
2.40 0340
0320
0300

0280
1.80

SD S/N

0.260

Average S/N

1.60 0240

1.40 0220

1.20 0.200

Al A2 BI B2 B3 C1 cz €3 DI D2 D3 EIl E2 E3 Al A2 Bl B2 B3 CI €2 C3 DI D2 D3 ElI E2 E3

w o 4 - v
©nswnaasanuduiusszrham S/N naz szavuveifade

-3.0

-4.0

SIN

-5.0

-6.0

-7.0

-8.0

Al A2 Bl B2 B3 CI C2 €3 DI D2 D3 EI E2 E3

gUN 7 nanuanANUEFuNUEIZIING (A) ANade (B) drulaiuuinnggiuuaz (C) A1 SN saAsiuvuadiiage

M54 3 AN LFAINNFATIUIL ANOVA wazn1snaaay F-test

Factors SS DOF Var F Confidence Significant
10.94 1 10.94 141.90 100.0% Yes

B 12.00 2 6.00 77.90 100.0% Yes

C 33.24 2 16.62 215.70 100.0% Yes

D 43.32 2 21.66 281.20 100.0% Yes

E 138.36 2 69.18 898.00 100.0% Yes

Others Pooled

Error 2.77 36 0.08 S=0.2776

Total 17.47 58] *At least 95% confidence

SS = AN9UBIANLLLTUSIU (Sum of Square), DOF = 4nuiuAadsy (Degrees of Freedom), Var = mA1ulisil9au (Variance), F
= nManadaunuuan (F-Test)
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»1519% 4 A1 MDD lsannnsldlsunsy Imaged 4890 19 NGUNHIUNISNAGAUAIE Revised student’s t-test

Exp. FWHM, FWHM, X - X5 95% confidence Results
1 0.77 0.25 1.72 0.79 Pass
2 0.26 0.26 1.59 0.36 Pass
3 0.07 0.07 1.82 0.09 Pass
4 0.37 0.30 1.61 0.47 Pass
5 0.07 0.31 1.62 0.32 Pass
6 0.29 0.20 1.49 0.35 Pass
7 0.89 0.30 1.43 0.92 Pass
8 0.58 1.25 1.85 1.35 Pass
9 0.31 0.21 1.80 0.37 Pass
10 0.70 0.47 3.14 0.83 Pass
11 0.60 0.54 1.64 0.79 Pass
12 0.30 0.77 1.77 0.81 Pass
13 0.07 0.07 2.52 0.10 Pass
14 0.42 0.54 1.68 0.67 Pass
15 0.19 0.07 1.69 0.20 Pass
16 1.10 0.19 2.35 1.10 Pass
17 0.58 0.78 2.12 0.96 Pass
18 0.07 0.53 0.87 0.52 Pass
19 0.62 0.59 1.66 0.84 Pass

Exp. = N9NAAIATIN (experiment no.), FWHM = AnuN3IuBuiiAsIAngaadn (full width at half maximum), X = szeizfanansuading
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wisiinas Fai (A) Large focal spot, (B) 140 kVp, (C)
6.25 mAs, (D) filter 0.1
thickness 16 cm 11aWa17UA1 SN Uadusazsziu

mmCu b a ¢ (E) phantom

a8 wudﬁﬂﬁ’ﬂmﬁﬂﬁdmaﬁia@mmwmaqmw AB
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ANUAIGU

ANUFUNUGURIAT S/N Uag optimal parameters YUAN

N5ATTAENATA
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fige Tereil C3 = 6 mAs, D2 = filter 0.1 mmCu uaz E3 =
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wigimaslunguaug
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H1a9% (E) phantom thickness, (D) filter uaz (C) mAs 0@
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uaz (B) kVp tiuiiluiladasas (minor factors)
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WunzaunazAIwIdwadimnlulimeznaaslilsunsuy

ImageJ assduUN1e Revised student’s t-test 1#A1 MDD %1
ANULTRITU 95% wazAn R? fanandalumsen 5 lunis
NA1FUIAT MDD AwinnzauwtsaaniiluaudIu daumnsn
32812111492 UINNNINANNUDY gaussian curve 1 1 LAY 2
sasllantiaengalaataldatassnunatanindiamunin
a aa X & ' a \ av e
WAZSLAZLALANAUNUUWINTIL FIUNFR9TZ TN bAaNa1D
TudiuusnazaaslAuINNINvgawinhu 95% confidence
MNN19AATIZNA2E Revised student’s t-test NNTUAIN
Ha8nI19AuANLLARLIL MUN8AI1LIN gaussian curve M1
A091N19Ta UM AU UVAIUAUNANUINNUNINALANUT
wanillugasyals wazdiunany Aa N19NANTUIDIAIN
UtafauatAn MDD Lilag31n gaussian curve N1 lHanN
mwitlunistirdayavaaniwuvi curve fitting Tultsunsuy
ImageJ AtTuaAastsziduminuuiiatauas gaussian
av o \ a 1Y 1% =

curve N1A31NAT R2 TaaungalAndnlng 1 uunen
curve JAMUUNLTDAUNTUWINTIY TILEAIDIAT MDD 9
M IAaNNNINUIAIWITITmaFAL Tu ROI 71 3 1911 MDD
Nlaafgawinfu 1.54 Taduns uaziA1u1nndn 95%
confidence usilaNagUIAIANLLNTRaTADY AN
A1 R2 agN 0.615 uaz 0.402 TulluAnAaudetas

= v oA | A a ' a
nanAadayalitnaenawiniagg Wanansuna MDD 71
% a S A = a Y
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MDD 95 % confidence Results R2 R2

(mm) (peak 1) (peak 2)
Optimal 0.87 0.52 pass 0.85 0.99
Conventional 1.66 0.84 pass 0.63 0.73

MDD = ianuansavesingifaunnaniigningadalé (Minimum Detectable Difference), R? = drAnufuuUsi@ady (R-Squared)
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NuAFetauntiues Pan LF. wazany ¥n1siseies
Optimizing cardiac CT angiography minimum detectable
difference via Taguchi’s dynamic algorithm, a V-shaped
line gauge, and three PMMA phantoms. 41 uddsa ‘ﬁﬁ
odszasdialszgnalinisiinsziiuuy Taguchi's
dynamic algorithm Lﬁamﬂﬁﬂﬁmm:auﬁqm Fianunsom
MDD luntsmsiavannidanialadaniniovantisd
AaURWARS (cardiac CT angiography, CTA) agann

Fudaailasnuiitnnsiusureadudanteindugag
dnanwantisdgnanimiaaaulnuazsndiugaafiuaing
uAnFnsrasialEasastantiAuLAnFaRuTiaen g
n1snaaasilld PMMA phantom INADITNNEUY1E]
AuUUIAA 50, 70 WAz 90 nandu $aufu V-shaped line
gauge phantom wazldimaladimsnziuuy Taguchi's
dynamic algorithm AneuiTeinuinAmwis i adi
mmzﬂmﬁqmﬁa 100 kVp, 600 mAs, pitch increment 0.2
Hadwung, 280 field of view, iDos5 Laz XCA filter Tnsl
A11190R993%A1 MDD 16 2.15, 2.32 uaz 1.87 aaluss
fuunavusnans 50, 70 uaz 90 Alandu auddy faif
Taguchi’s algorithm § 2 31 fi U V-shaped line gauge
phantom fiauniull awnsatuninaninisasis CTA
Lﬂ?‘\iamqumﬁLmaéﬁmmzamﬁqmLLa:mmmLﬁumm
LANANNUDITAGATIUIALENTGATIAT29 TR 15 Uiy e

AT 6 NTTEUWEULATIATIEANAMNIN (Qualitative) WaziTaUFuIn (Quantitative)

Exp. Qualitative (mm) Quantitative (mm) %difference
1 1.72 1.40 18.60
2 1.59 1.77 -11.32
3 1.82 2.17 -19.23
4 1.61 1.77 -9.94
5 1.62 1.47 9.26
6 1.49 1.40 6.04
7 1.43 1.37 4.20
8 1.85 2.17 -17.30
9 1.80 1.83 -1.67
10 3.14 3.30 -5.10
11 1.64 1.47 10.37
12 1.77 1.47 16.95
13 2.52 2.43 3.57
14 1.68 1.43 14.88
15 1.70 1.57 7.65
16 2.35 2.43 -3.40
17 2.12 2.37 -11.79
18 0.87 1.30 -49.43
19 1.66 1.40 15.66

Exp. = N9NAARIATI (experiment no.)
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