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A Study on Image Change according to Grid Ratio in Digital Radiography

Sung-Hun Jeong

Department of Radiological Science, Gimcheon University

Abstract With the introduction of the D.R system, the grid with high removal rate of scattered radiation is selected and
used without considering the grid performance evaluation, Despite the high removal rate of scattered radiation belonging
to high grid ratio, it is also possible to see the cut-off phenomenon in which the primary ray involved in the formation
of image could be removed as well. Thus, the purpose of this study is to provide the basic data for researches on the
usefulness of using the grid by presenting the appropriate grid ratio in the D.R system through the measurement of im-
age in grid such as non-grid, 6:1, 8:1, 10:1, 12:1. The equipments used for this study were radiation generator with grid
in 12:1, 10:1, 81, 6:1, indirect-type detector, and acryl phantom, As the study for image evaluation, this study measured
the SNR, PSNR, MSE, and Entropy. In the results of this study, the PSNR was the highest in 6:1 and the lowest in 8:1.
The SNR was high in 6:1 and 8:1, and the lowest in 12:1, In case of Entropy, it was high in 81 and 10:1, and the low-
est in 12:1. Therefore, when the grid is used, it would be more proper to choose the grid in 8:1 or 10:1 with less loss
in information content of primary ray rather than the high grid ratio showing the increased patient exposure dose.

Key Words : Grid, Scattered radiation, Entropy, SNR, PSNR
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1. M2 7] YAl 7 Wo] ARESH= g2 Q] Ry rolti3—4],
ARl /g2 Aut Aef Aol o] Aejet Aute] o9 H]

A R HALA IR AL T AR 2 o= A H|(Grid ratio)E 7FAAL itk ¥A o=
2 =l sAe] ARE ZIA T Qs 1apAT A T AIEIOA] ARSEIE AR} HlE 6:1~8:1 Abo] 9] AR H
(Scattered x—ray)o] TASHA Hrh, 144412 G733/l i £ ARgRlen, dAg AlAgle® Bskelal Qs Alge
< F 83|k AlghAlS gAke] iz (Contrast) 9} Aeje 10:11~12:19] 52 AZRS ARSSRAL Qltt. ols AR HI7) =

]1_
T
=7
E

(Sharpness)S "Holxg]= Q9lo| Hr} o]aj3t AL A =55 Y Ao} 2} A Eo] w2 o)mAdH]
Asl7] YA = HEARA ZAFOK(Collimator) 24, —,—7}‘EE] Tl SlAe A 52 AR} vE A=ste] TiE skar Q7]
(Added filter), AFHA )AL AZHAnti—scattering grid; Dolq E3E S5 A A AXE ARSIl Q= WAMAL
GridyE HEESE Agelo] G4l 2 ol Aol HaL 25 20 vl 2 2] 2] WolAl e

QtH1-2]. B3] AxR= sxjo| A4 dhAlsh= Ak A A5} 7—%%} HIE 7Hx A7} gAdo] S<=eaithal Q1487 Wi Y
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How ulga Jlo] Walolry, 12l Ak
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1. 93 M=
2 Q170] AL AUl ML A $15) kST
A HFYAR] (Dong—Gang medical, GX—525H, R—800—150,
Korea), 12:1, 10:1, 8:1, 6:19] Ak2kAl A7) AZHJIPI Health
9fal 712 o5 clelel
(Detector) (Dong—Kang medical, FXD4343R, Korea), ©}=L
g WE(FA 3 o, 742, A=, =o] 7 an)S ARESto] Gt
HSai. e o] Mae 99 0l FYRaAs
(National Institutes of Health; NIH)of|A] S48 £ B4
2 ZRatet £32E9oI2) Image j(ver, 14,0 AHIcE 12)
A NS A 4 S, W Ak ALs Rele )
Meth Worksoll ] 7Jt 3615 ofZelAlold AEgo]

Z1389] Matlab(Matlab 9,13, R2022a)2 ARE3}4T)

care, Korea), GAEES
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A} Hlo]E(Table Bucky)
of o] 5% tldly HEotch dEd 9o 3 mm FA9}
7tz A&, Eol7t TXTX7(em) 2 | of2d e 57
ot 5719 & MEe LEF At sidh, X At
A5 7HA0 2 YAAA o
Non—grid, 6:1, 8:1, 10:1, 12:1
27 sgom, SUF 24 2704 58] A
shth(Fig, 1), (Fig. 2). P27 23 (Focus) T} o|u]#|
587412} A2 (Source Image receptor Distance; SID)+=
150 cm O 2 3} o GAF =X ZAL 70 kVp, 100 mA,

0.125 sec® ZH5}tHFig. 3).

2N =
S
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Fig. 1. Non-Grid
measurement

Fig. 2, grid usage Fig. 3. Image
measurement measurement method

ARG A)| 2B (Picture Archiving
Communication System; PACS)o] <3t S| DICOM
st B/ ITmage J5 &85}

-t

=2 =0
£ CropS 3901 (Fig. 4),
FAE

(Variance)S ®7] Y3l ==
0] He Tifr T2 A
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Fig. 4. Image crop area
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HAE AAdRNA A& vlo] mhE /st wet At

) o o
Y} HRE A 2 GAS vlielol F Bae)
sHo| FHRE FA(dBE S4 o= Al athil-3H|(Signal
to noise Ratio; SNR),(Eq. 1) ¥ GAro] thaf vl JA9]
o] 23 Q9] vlES AR sk ARl X
Al S H-2(Peak Signal to Noise Ratio; PSNR),(Eq. 2)
2300) B AR % Aol 22 o] dolelo] e £
gk Ao Eaks B7ols Bt Al 2 AHMean Square
Error: MSE)E 7151%0ck8q, 3). M5t g4te] 7t 74l
2470 )= o] o] WA 2ES 2T AR
B (Entropy) & ZHBHACHEG, 4), 7 BAIAE O A
HIEO 2 MatlabZ 2 I 0 2 I3} 5lo] 751 tH10].

signa A ma
SNR(dB) = 10log,, P g l) =20log,( Sy l) (Eq.1)

Noise noise

2257
PSNR= 1010g1o(M—SE) [dB] (Eq.2)
_ 1 m n B 2
MSE= —— ;;(4,- K;) (Eq.3)
N 1

Ent =), PS5 )log,—— Eq.4
ntropy ;) ( l)ogzp(si) (Eq.4)

9 AT 24

FAISHA B0 ARgH 2732 SPSS(version 22,0,
Chicago, IL, USA)& ARE-SFGITE A+t9) A== B4t 4
A (Shapiro—Wilk)S AA|EF o™, p—value’} p0.052
R 45 BEE oF Ao Uehit), 2 ulo]
e Eyge) B, Ha, A, REUE L] Ao
7l EAE L A vlo] wE FAFe A, sid, U
Harghs v nENstr] 8l dYuix] AR (one—way
ANOVA)S AAJEISI), AR-EA S 2= Tukey-BE Al
stelon, FAA Fo wekE 98 Fola(@ 0.05
202 GOIEE povaluer}t 0.05 ofstolwl EASHH0
2 folsitia wesic

o3

A r-(o

.2 Aguie] Q4 %7} AT} PSNRE 6:19] 24} ulo]
A 55,97 dBZ2 7} &=A veh e, Non—grid7} 53,53
dB, 12:1 48,00 dB= YEeltom, 10:194 44,37 dB= 7}
& A UEbd 2 9/437Ee] PSNRE Bt SAIA L
2 o3t AlolE HAom, AREAE 811, 10:10] T4
Aoz 8:137} 12:1, 6:17} Non—grid7} 22 SdX TS
2 EFEHTable 1),(p<0.001), SNRS] 7§~ 6:10A4]
29.33 dBo.2 =4 YeElFo™, Non—grid 26,52 dB, 8:1
25,91 dB2 YEltomn, 12:10] 21,9 4 dB, 10:10] 20,34 dB
2 7P ol e, 7 o 7o) Baghe A e
2 o3t ol BEylom, AREA A 10113} 12:10]
Aoz 8:13} Non—grid, 6:13} 12:10] 22} 5UX
© 72 FEFEStHTable 1),(p<0.001), MSE®] 79~ &4
o] ZFe- 10:16]14] 159520, 8:10]4] 138403.61, Non—grid
ol 4 19058.299] W= UebTh 2t G4 7o) #AF g
SASACR Folg Ho|B Meom, AT A 611,
12:1, Non—grid7} 543 oz 8:1, 10:10] LTS
2 EFESltK(Table 1),(p<0.001), G749 AHEFS Het
W= Entropy 2] 73-¢- 8:18] A} Ho|A 2,022 7 =4
eGSO, 10:10] 1,99, 6:19] 1,53, Non—grid 1,48% 1}
ERtom 12:10] 0,942 7P WA vebgen, 2+ g4 1t
O] Htghe SAA R Fofgt Aol Elvh E3H AR
4 A3} 6:13 Non—grid7} ST e® Z2RE3omH,
U A] = 27 =349 Athe = #75|ItKTable 1),
(p<€0.001),

of

¢

2) 92% stee] gy B}

o2= shgo] spd Pk Au cheat ol ekt
PSNRO| 7-¢- 6:12] AA} H|ofA] 55,35 dB= 7H =7 1t

} o] Non-—grid 52.75 dB, 12:10] 48,49 dB= Ujehd
t}. 8:10] 4 4,00 dBE L}EREom 10:16]4] 44,38 dB 7}
A A ebken, 7t el B $AKeR 29
Sl Aol7h Uehdeh, ARRA AT 813} 10110] FUA
oz 6:13 Non—grid7} Y Hdozr HEEIXQ}
(Table 2),(p<0.001), SNRQ] 7% 6:10]| 28.82 dB= 7}
=A YERF 2™, Non—grid 25,78 dB, 8:1 25,46 dB, 12:1
o] 22,12 dB= Uelgton 7 @A4d7tel Bk sAXL
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Table 1, Upper Right image quality evaluation result

Division Grid ratio Mean SD Min Max F P Post-hoc
6:1 55.97° 1.23 55.28 57.81
81 45,29"P 2,27 44,02 48,68
PSNR ,
@) 10:1 44 37° 0.93 43.57 45,18 58.36 (.001 ala,b{b(c
12:1 48.00° 1.14 46.93 49.62
Non-grid 53.53° 0.35 53.23 54,01
6:1 29.33° 1.28 28,61 31,24
81 25.91° 2.38 24.58 29.46
?dN; 10:1 20.34" 1.02 19.45 21,23 26.46 (.001 a(b(a,c{c
12:1 21,94 1.23 20.77 23.67
Non-grid 26,52 0.37 26.20 27.02
61 11151,17° 2706.80 7108.48 12725.36
81 138403.61" 53967.19 58211,52 170348.38
MSE 10:1 159520.50" 33768.46 130217.78 188789.61 21,08 {.001 alb
12:1 69604, 82" 16680.68 46914,36 87108.12
Non-grid 19058.29" 1511.95 17057.28 20426,52
6:1 153 0.05 1.50 1.60
81 2,02° 0.04 2,00 2,08
Entropy 10:1 1,99 0.04 1.95 2.02 29481 (.001 alb{c
12:1 0.94° 0.09 .90 1.08
Non-grid 1.48 0.01 1.47 1.49

1) The average comparison between each group was calculated through one-way ANOVA, and Tukey B was applied post-hoc

2) S.D:Standard Deviation, F:F-value, P:P-value

2 fofat Aol 7} 9z AOR epiteh, AFEAAT 101
HFo 2 8:17 Non—grid, 6:13} Non—grid
=5 QJcH(Table 2),(p<0,001), MSE
9] AL 8:19)|4] 187030,38, 10:19]|4] 159520,50, 12:19]
A 62303192 EALo] HOE Uehdon, EAZAHOZ &
o Uehith AFRHCRL 61,
12:1, Non—grid7} SYATO R, 8:1, 10:10] TUAHS

HE25]tHTable 2),(p<0.001), Entropy2] 32
2.492 71 = el om, 10:1904 1,99, 6:19] 1,60,
Non—grid7} 1542 UeRFon] 12:10] 0.742 713 W
b ew, 7+ @/t Btk FARHA R [-ofet A}
o|7} Uebgtth A4
= %E‘?\igtﬂy E]—E o:]/K]—_Q_ 71—71— .E.E]X-](?_ 7](:}

= A Table 2),(p<0.001),

I} 12:10] F°
7} oA}

ofat Zol7t gl 2

w

oZ 7¥7¥

) 9z el i

A} H71 A7} PSNR-S Non—grid7} 61,22
9 dB, 6:12 5817 dB=2 jelton 8:1&
52.45 dB= 7P & A bt 2 QY Bt SA

© g:10]

1} 6:1 Non—grid7} =Xt

A [o

o=

Aog Ot Aol 7} et A
o2 6:17 12:10] TAXto gz HET|olr}
(Table 3), (p<0 001). SNR2] 7-$- Non—grid7} 34,38 dBZ
7 = Yelges, 8:10] 33,57 dB, 6:1 32,23 dBo&
UrERtom, 12:12] 2z} Hof|A] 31,03 dBoR 71 WA Lt
Egton EA4o g 905t 2jo]7} Leldth AR A
6:1, 10:1, 12:10] FAXHO R 6:17} 8:10] LT o =
12:10] 887437,

o] FU

=]
A2

EHFE K (Table 3),(p<0.001), MSE+

6: lol 662 6.98, 8:10] 24928 142 e} 2™, Non—grid
7} 3243,67°) W91 Upehsdeh, 7 Bke] Wghe BA%
o o3t Hol7} Gl A0 Lehtom, AL
6:1, 12:1, Non—grid7} S co @ 6:1, 101, 12:10] &
2L}t Table 3),(p<0.001), Entropy2] 73
9 8:10| 1,942 7P =4 Vrelyton] 6:10] 1,88, 10:10]

dricto g =2

1,76°02 Yt or 12:10] 0,712 714

7} 10:13} 12:1

1=]
SERES

WA Rt 72t
oJAfo] Wgke EAM o 905} xjo]7} 9= AoE ur

Efgton AREEAZAT} 61, 8:10] FUR oz HEre]
1 9] 7+ 288 = uko 2 YERITHTable 3), (p<0. 001)
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Table 2, Lower Right image quality evaluation result

Division Grid ratio Mean SD Min Max F P Post-hoc
611 55.35¢ 1.18 54.58 57.11
81 44,00" 2.34 42,69 47.51
PSNR ,
() 10:1 44.38" 0.93 43,57 45.18 55.03 (.001 a{b{c
1211 48.49° 1.14 47.37 50.09
Non-grid 52.75° 0.35 52.46 53.23
6:1 28.82° 1.23 28,01 30.65
81 25,46 2.46 24,08 29.14
i?;; 10:1 20.34° 1.02 19.45 21.23 21.53 (.001 a{b{b,c(c
12:1 22.12° 1.23 20.90 23.84
Non-grid 25,78 0.37 25.47 26.29
6:1 12837.49" 3038.58 8357.83 14977.37
81 187030,38" 7449621 76285.53 231332.55
MSE 10:1 159520,50" 33768.46 130217.78 188789.61 18,38 {.001 alb
12:1 62303,19" 1510421 42082.63 78678.16
Non-grid 22830.33" 1811,74 20395.42 24380.51
61 1.60° 0.02 1.58 1.63
81 2,49 0.03 2.47 2,54
Entropy 10:1 1.99° 0.04 1.95 2.02 261.84 {.001 a(b{c(d
12:1 0,74 0.17 0.56 0.97
Non-grid 1.54° 0.01 1.54 1.55

1) The average comparison between each group was calculated through one-way ANOVA, and Tukey B was applied post-hoc

2) S.D:Standard Deviation, F:F-value, P:P-value

Table 3, Upper left image quality evaluation result

Division Grid ratio Mean SD Min Max F P Post-hoc
611 58.17¢ 0.81 57.49 59.20
81 52.45° 1.04 51.83 54.00
P(j;? 101 55.46" 0.88 54.54 56.22 6873 | (001 | a(biboicid
12:1 56.89"¢ 0.72 56.37 57.96
Non-grid 61,22° 0.16 61,00 61.37
611 32,23 0.78 31.57 33.22
81 33,57 1.08 32.94 35.18
SNR o afa,b(b,c
(@) 10:1 31.15° 0.91 30.20 31.94 13.66 {.001 3
12:1 31.03" 0.75 30.49 32.14
Non-grid 34.38"° 0.17 34.14 34.53
6:1 6626,98*" 1192.27 5168.21 7658.00
81 24928, 14¢ 5275.70 17100.80 2815840
MSE 10:1 12403,70" 2513.46 10256.39 15088.15 37.33 {.001 aablc
121 8874.37*" 136067 6872.68 9916.59
Non-grid 324367 117.16 3136.47 3409.80
6:1 1.88¢ 0.02 1.85 1.91
81 1,94 0.01 1.93 1.95
Entropy 10:1 1,76 0.01 1.75 1.77 798.58 {.001 a{b{c(d
12:1 0.71° 0.07 0.61 0.79
Non-grid 1.46° 0.01 1.44 1.47

1) The average comparison between each group was calculated through one-way ANOVA, and Tukey B was applied post-hoc

2) S.D:Standard Deviation, F:F-value, P:P-value
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A=
4) A= jcre] gAar Ht Ueptom 10:10] 1,99, Non—grid 1,95, 6:10] 1,930
A& slche] A7 A3 PSNRS Non-grid”7} 59,93 2z gepsto 12:1004 1,612 7P WA Yelyt) 2
dBez 71 =4 yehton, 6:1& 56,58 dB, 12:19] G4 HHEge FAKCRE Folgt zlo)7} Ql= ALRE 1
56,50 dBo.2 LpEtTh 8:12 52,04 dB, 10:1S 44,38 dB TPl ARFREA AR 10017 Non—grid7} FAHROR
2 71 W e, 7 gatel Wagte BAdes Aot U ARS A Sages FRHY
KI5t Aol7} Uehgith, AFEAAT} 613} 12:10] o TLavle 4),(p<0.00D).
IFCE YEen 1 9 O A 5YEIF0RE Y
EpTH(Table 4).(p¢ 0,001), SNRO] 79 8104 34.12 5) & =4 w7t
dB2 7} =4 Ueltow, Non—grid”7} 33,58 dB, 12:19] JAF 20o}o] oJAF 7} A3}t PSNRE Non—grid7} 58,62
31,17 dBZ UERF O™, 10:10)4] 20,34 dBZ 713 WA L} dB= 714 =7 Yehgom, 6:10] 59,44 dB, 10:10] 55,06
ettt ZF Aol Bk SAHSRE {9t 2ozt 9l dB, 12:10] 53,93 dB=2 UElyiTt 8:10]4] 48,37 dBZ 7+
= AR Uetgon, AgEA2 8:13} Non—grid7} & A yeptom 7F ko] Hatgk SAH e R fogh 2k
T EREYen g I 247 589 I1F o|7} Sliz A S = UEpiTh ARREA A8 1, 1011, 12:10]
© 2 UEeEGtHTable 4),(p<0.001), MSE2] 79 10:10]|4] FYHTeZ 6:1, 10:1, 12:1, Non—grid7} Loz
159520.50, 8:10] 2720824, 12:10] 9643, 27= bt 29 tH(Table 5),(p<0.001). SNRS] #$- 6:10] 32,96
ESE Non—grido|A] 4361,.042] HYZE et oH, =44 dBo 2 7} =4 el o, Non—grid7} 31,09 dB, 10:1
o7 903} xjo|7} 9 Ao s ekt AlsEMomL o] 30,52 dB& UEpyton] 12:10] 26,95 dBE 714 WA Ut
10:15 AlQfR Y] IFo] SUUTHO = ey thTable Efiom, 7h o] Btk BAISH 02 [-olskA] 9
4),(p<0.001). Entropy?] 7$- 8:10] 25308 74 &7 UehgtH(Table 5),(p)0.130). MSES] 75 8:10]4 BAke]
Table 4, Lower left image quality evaluation result
Division Grid ratio Mean SD Min Max F P Post-hoc
61 56.58° 0.96 55.65 57.93
81 52.04” 0.81 51.54 53.23
P(j;? 1011 44.38" 0.93 4357 45.18 2253 | (o0l | adbleld
12:1 56.50° 0.31 56.14 56.81
Non-grid 50.93¢ 0.12 59.80 60.08
6:1 30.81" 0.93 29.90 32,10
81 34.12° 0.84 33.60 35.37
2\;{ 10:1 20.34" 1.02 19.45 21,23 227.97 (.001 a{b{c(d
12:1 31.17° 0.32 30.80 31.51
Non-grid 33.58° 0.12 33.46 33.74
6:1 9601,64" 1991.25 (6923.13 11701.61
81 27208,24° 4626.65 2039880 30157.99
MSE 10:1 159520, SOh 33768.46 130217.78 188789.61 75.22 (.001 alb
12:1 9643.27" 681.31 8958.12 10438.34
Non-grid 4301.04" 117.89 4216.88 4493.68
6:1 1.93” 0.04 1.88 1.97
8:1 253 0.01 2,52 2,55
Entropy 10:1 1.99° 0.04 1.95 2.02 635.37 (.001 a(b{c
12:1 1.61° 0.02 1.59 1.63
Non-grid 1,95 0.00 1.95 1.96

1) The average comparison between each group was calculated through one-way ANOVA, and Tukey B was applied post-hoc

2) S.D:Standard Deviation, F:F-value, P:P-value
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Table 5, Center image quality evaluation result

Division Grid ratio Mean SD Min Max F P Post-hoc
611 59,44 0.25 59.24 50.77
81 48 37° 2,12 47.14 51.53
PSNR _ e nzab
@) 10:1 55.06" 6.69 45.21 60.21 7.70 (.001 alab¢b
121 53.93*" 1.07 53.05 55.49
Non-grid 58.62 0.28 58.35 58.98
6:1 32,96 0.26 32,75 33.30
81 29.48 2,19 28.20 32,74
SNR .
(@) 10:1 30.52 6.35 21.19 35.41 2,11 ».130
12:1 26.95 1.12 26.03 28.58
Non-grid 31.09 0.28 30.81 31.47
6:1 4891.62 283.00 4530.75 5117.29
81 67307.30 25072.01 30213.18 83055.71
MSE 10:1 37250.01 61374.92 4091,76 129274,70 3.16 Y470
12:1 17740.26 3916.03 12138.09 21270.97
Non-grid 5905.49 370.71 542724 0277.03
611 1.69° 0.00 1.69 1.69
81 2.17° 0.01 2.16 2,18
Entropy 10:1 1.43° 0.17 1.29 1.68 122,96 {.001 a{b{c(d(e
12:1 0.85" 0.11 0.73 1.00
Non-grid 1.18 0.01 1.18 1.19

1) The average comparison between each group was calculated through one-way ANOVA, and Tukey B was applied post-hoc

2) S.D:Standard Deviation, F:F-value, P:P-value

Zko] 67307.30, 10:194 37250.01, 12:10] 17740,262] H
9= Uehgon] 2t BA1e] ghe BATA Aolrt gl

6 2 JeEldtHTable 5),(p>0.470). Entropy2] 7% 8: 1°ﬂ
A 2172 7 A el o, 6:10] 1,69, 10:10] 1,43
o7 ehsten, 12:10] 0.85% 7H¢ @A Uelden &
AskH o folat Ao|S Melrh. Ee AFRAAT 2
IEs°l HHIFCR YERTHTable 5),(p<0.001).

v. o &

AX S-S AR ) MASHE AR AAAA 2
W A7 e AR A5SHT] AgEE Hao|
o AR ARGSH tjREe] A Helwo] FAE )
oa 4= itk Axe] pai x4 §47F 2 e BAn
XA §47h e ARl FOR o]FolA v A%
of ol uletA] el olet qut Ajole] 7hZle] ul=
Axo] u]E AofslA Hrk A4} w2 A 845 shalel
o] Hle} & ARGARE 5T 4 UeH1I-13], ol
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