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“NOISE” in Radiographic Images
II. Signal-to-Noise Ratio of Bone Radiographic Images, Using a Random Noise

Chart of “Uniform” Type

Eiichi Takenaka, M.D.
Department of Radiology, (Prof. Dr. T. Miyakawa)
Faculty of Medicine, University of Tokyo, Tokyo, Japan.
Kojiro Kinoshita, Sc D., Hidehisa Sato and Rokuhike Kikuchi
Broadcasting Science Research Laboratory, Japan Broadcasting Corporation,

Tokyo, Japan.

Recently, there are to be prevalent Fourier-analyses in the radiographic system, of which some ele-
ments are only preferable: Foci of x-ray tube, intensifying screens and final radiographic images. But
there is none who has studied into “nocise” in the radiographic system. ‘“‘noise” is one of the principal
elements, influencing on radiographic image transmission. As a clinical application of “noise” analysis,
ten radiologists observed the optically superimposed images of a random noise s:ide and pureradiogra
phic slides of the skull, the femur and the lumbar vertebral body. Asa random noise slide is used a two-
dimensional random chart, corresponding to stochastic “uniform’ distribution function. It’s because
this has very useful properties such as excellent reproducibility up to every detail in itself and. producibi-
lity in any desirable stochastic distribution. Then signal-to-noise ratio (so-called $/N) on a screen can be
calculated as S/N:=10 log (s/n), where
of random noise slide. This physical S8/N is corrected for area, length, bilaterality and periodicity

BELIY
5

is object’s illurnination of bone slide and “n” is anillumination

(effective or correcced S/N).

Theresults are obtained as follows:

1. The S/N observability curve has a normal distribution.

2. Range of “s” (root mean square value) is 1.3—4.6 dB; min. 1.3 dB in (1) and max. 4.6 dB in
(14).

3. The 509% obs. S/N lies in the range of —8.0—4.4 dB; max. 4.4 dB in (16) and min. —8.0 dB in
(21).
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Negative values are numbered 11 out of 17 inquiries.

4. The, 809, obs. S/N lies in the range of —4.9—6.0 dB; (2), (14) and (16) more than 5 dB and
(21), (8), (18), (22) and (5) less than —1dB. Negative values are 7 out of 17 inquiries, but they can
have positive values except (21), if corrected for area, length, bilaterality and periodicity Such are
more “effective S/N’’.

5. The 999, obs. S/N lies in the range of 1.7—15.1 dB; max. in (14) and min. in (8).

6. Regards as the 807, obs. S/N difference between magnification ratio of 0.73 and 0.55, there
are (12) and (14) over one dB more than 2.2 dB, which is the calculated $/N difference on this experi-
mental condition, and none over one dB less than 2.2. dB.

7. (15), (24) and (25) as to bone structure are undeducible for much higher S/N of the signals;
on the contrary, (9), (11) and (19) for much lower S/N.

8. The higher or lower not the physical S/N, but the effective S/N, can we generally conclude,
the less or more becomes object observable in clinical radiographic observation.

a) Group with low physical S/N and high effective S/N is mainly less observable: (4), (5) and slight
deviated (6).

b) Group with low physicl S/N and lower effective S/N is much more observable: (8), (9), (11),
(18), (19), (20), (21) and (22).

¢) Group wit higher physical S/N and higher effective S/N is most unobservable : (2), (15), (16),
(24) and (25).

d) Group with high physical S/N and low effective S/N is observable: (3) and (23).

Whhere integral numbers in parentheses are implied No of inquiries, which are listed on Table II.

Physical and quantitative influence of “noise’ on the final radiographic images should be evaluated as
a radiographic diagnostic basis. This is indispensable to the QUANTITATIVE diagnosis of radiog-

raphic images.
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§2. EREBRUEMH

F1Xa, ROB1IED offic, 2007 e

Fig. I. a Experimental Apparatus

bij
[r\
Mo |
Co N ,
“‘Xi:;-__:: observer

I II: Walz’s Family Slide Projector
M: Semi-transparent mirror, coated with anti-
reflexion metal membran (reflexion 309,
transmission 30%)
S: Screen glass (#1000) 200 x200mm?

=7 E—1LInORAEEAT A FEXEREA
FAFRAZ ) — v SiIEREWHEY LT, EHE
R, XEEASAFOBHEZI LR EX RO
MEAZA FoME S22 THER T 2.
(Table 1, Fig. 2, Fig.3):1)

I'ig. 2 The Observed Lateval Views of the Skull,
Masked by Two-dimensional Random Chart
(Uniform Type)

1: No masked
2,3,4,5: TIlluminations of random chart are
3,7,15 and 18 lx.

#H1 coFElBECHELLL DR EEHATA KPS
v . 22— OBRBEBEXN LI, 229 - Yk
OEEEOH RS SIN BB BT sLE~bh3
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DT, WMCHRHT AL kon< Thotk,
AERCAVLT e F =2 2 -0 FE o ELMET
EENT LT #3400°K s 55200° Kt hot. FoE
SEWE QL 10mu LN TH B, 2t It BRI
DML LT, #10%oE{txE i s0¢ SN L
Tz Ak 0.8dB ¢h i o CEML .
Table I Illumination Ratio of Bone Slide

to Random Noise Slide of ** Uniform”
Type and Signal-to-Noise Ratio

Illumination of

bone slide 30 1x | 50 1x
Mlumination Mag. ratio = Mag. ratio |

of. radom noise | 0.73 | (.55
slide P | .
5 3 1x | 10.0dB | 12,2248 |
7 | 6320 8.547 |
T =
15 » | 3014 5.23 » i

18 # 2.21 ~ | 4. 43 #

Fig. 3 The Observed Views of the Lumbar Body
and the Femur, Masked by Two-dimenional

i -.\j'o masked
2,3,4,5: Illuminations of random chart are
3,7.15 and 18 Ix.

2—1) X#gER 54 K (Fig.2,Tig. 3)

L 7B XEME A T 4 Kk o % 40T
WLicoT, ¥Bo NERFOXBEHLX TV
DREEND L, HEXEHTEDLLEILR
yra

WM, PG & LT R RREYA O B
o, BHE, KERE% Kodak AA (THM ./ v A
7Y =V 7 ANAT, XEREBETKVD, X {4

HAREF RS RFafit H26% Mo 5

/AT 100mA, 57 1 v ARE#E 100cn, B
SRS 1.5secTHEE L, Kendol Bl ©20°C 5
47I3{% 1, Fuji 35mm Fine Grain Positive Film
iZ., Kendol FEREFHBLEHK20°C 2 7 D&l CHiS:
L7z,

Xz oEHEGH% Schaukasten (inl), Mg
T A7TE, BEOXBEFEHLTMIT D,
KEEoMEB ek oT Eitodigkt ko,

o X B AG RIS Cl e~ iR,
JEHE CVR R TT i, KRS TR e & o
fz

2—-2) HEZRS4 FLP (Fig. 4)

MEATA Vil LT vEA5Y — o
G % E b Bt A o SRR A A
o SHERx BT AEREY (x) dx L
ik, Fig. da offenficfEbhtns.

Fig. 4. A Random Noise Chart of Uniform Type

a) Uniform distribution
) 1
f (.‘4'.) = 'T_—B— . .'\; X_E?B, A<B
" A ?_]B e (B = :'\).'" .
BESS 2 r O=T10

p = mean value

I

¢ = root mean square value

b) A random noise chart of uniform typ=

— A & E 1 E—EEELE o 5T {xi}> xi 3
LTlEse 1", HE6 0" LB LCHE
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PbORAZ ) - v R NC I AR L
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ERSMBMER v — M X B ERE T Hu
WET5.
2-3) [ESHEELOHECONT
a) SN pEHR
KT A7 ) -V ECE Us EE5MEE
RO L TR L,
F-ResWTEERERA 7 rf=2 204
ANDHAZ Y =V IoRE Is 13fFERFes=
IR ATA P AL WE ED BE %
Lit+rk
Is=I, xSt
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5. Affc LCEERERA 7 rs=272 -5 2
HAZY — v EDRE In 11
In=1I,x Nt
HL Iz AF4 FigL o¥& olBE
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Eich.
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TOWE D =7 VF — DR B4 1065 L 7o
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s St

1
(S/NY=10 logiy-1> =10 logiy—ot—

Eits.

(1) Xpb SN 11k 42D A5 4 FoBEEE
H—ETHREAAT 1 FOREYZE 2 TR il
Bt tE 5.
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b) ES0OHEETILENEREDEEICLS
BIE

B2 S/N 4pEH SN TH B 2, WanF
T LW E S 238 Lk 5 iiBER ke
DROESZEETDLEZI LR TWBD T, £
FREFLOEECHTAHELX Ah 2T N T E
5. ZOFERECSWTIRBIC 53 5 50,
BEOFETH FEE RS 1 UL S © &3
L, Th b oRIEREREc 1/l ik +/S/hs ©
HorgrgEsicRdbins . {HL hl, hs 33k
REFOHEBOMERKTH 5. Zhbh LK
Scra?, £ lem & X BHEITKROML TH 5.

Cl
(S/N)s=10 logm;\/ T:;' + (S/N) weeen (1)
(S/N)1=10 logw,\/ %l_ F (SN e (T

©) /N OEtEH (Fig.6)

5 5 M orRREMEEIREE >\ T 6 Rk
FTI7wTA b A—Z—DOflifENb (1) Rk
HEH R RT. '

J0 & DRALEEZE=0.64—0.73
ThEEET B L

J8 & DFBRE= 22.91— 18.62=4.29(%)

chuk (1) Ko St i+, i

Nt=35% (—#EAfilHMEF v — t OFHFHB

o IEE)

I,=30 Ix (Table])

I,=31x (Table])

fiae (1) s

($/N) = 10l0g;-4:22-+ 10logq
= 0.9dB

FhIDLESFT VA AFY—F Cofl/lm o
fED D &R X30mo i

4/30/h1 " xn {g
DHENDHZ Lin 5. XFo o E5Ex
s bits/lmm ¥ -3 % L 5 X30mmo i,

(30/h1) s bits
L% {BL bit B/ME#REORMTH D, n
WAGICLIA 3 bits T b, EREEHEMTIL8 X
#) 8.6Dbits 1win s .

(D) Kbk s (S/N) p;ktsiEzbh

30

.
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5.

(S/N) =10 log -I%%'— + 10log —
fALhl=1 ¢ LTAPTIREHELTHS.
Thbb

(S/N)1=7.3dB+(S/N)

B 5 Tk 7.3dB% N X 7o % % Effective S/N
ELTRLE.

2—) EROEH

BATAFOWEBELRkEE (Table])

HEATA Yo W13, BEBERECTELT
&, 60, 80, 90, 100Volt Tffinotchs, BB
¥ %50, Neutral fiilter ©Y,ic FIFCEERL
fo. BATA Yol XL EE 90~95Volt T
L. RBERIEXB I rAcHT ALY —
vEokEXLolhTthksb.

BREHDOKEEOW 2 T RVHMEOW S X 11HE
B LD-1-A BDEEERECHE L. MEOW
R 1IxHUTTHL.,

BT\ A ) H T A Ofl i, Detail
perceptibility % f < - A1 X0 WEE Ly, 6
BENFEEBES DT 1000&{FHA L.

BA7A FoRMEEOWE X, +/v I8 250
WIrmrTd b A—-2—%10n X100 DT A=
Y —Clllofc. WEDL EFOLMHIKRDOED TH
% BURHEEE VI YR 14 /3um/ 43,  HRGEEE 140/ 3 um/4Y,
FAHE R HGE E = 1 /40.

OFERA SR OTER TR ] o X 2
FTHh, BEAMomEmOEMIREKE Bbh
5 PR L IS B A o2 6 cnTh

KERE PG &AM E B R kDL T3 °
LIRThs. zofiodoix 1.5° LHTH 5.
Oiizeng jiEoi by ©, Table II <
FHC a5, BERBTI vEFLF ¥ —}
REERE LUV & BRI . BHE
10, KERES, [EHET, £ T25HEA T, Lol
b DEBETEEN R, RO ESBE X R
i, hoFeE+5EML U EoEMO Ehaic

AR EFHAHRF MR B2 W9 w

MTIREDEELDRS.
OBZHMROCBEEF BEE3A7 7 — vt
Ao 5 f575cn, JEFS—ET<AZ Lisv b o
HOEML, #EF=FVF -k E L CERY
fTleole. —HMOANCSEFR=F V¥ — DL
HRATVLICHADORALEARBL L& o
HECcaamELRS b ops, 6HEBHY, R
L leotc b DM 3HBH . HLLBEEE
i3 A EE 625 9 HAGE S L 5 HTCH
B N=FNF —w L Ed b X —BWE 0 & yes
XitNo iz &inh, 2BREL FiciicoTZ L
LTk dsys, BRI 55N “yes” b
“No” Z#ITTHRH | B =3 A F —2 2201F
AVHHITHY.

§3. EBERUHEHR
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HEFY - PIEROKREEORIDOL O,
AEETRPMNEEL LN, XTVO, 4 RXLH
NDHERESTHEAGIUL TV 5, HEXHE

BHEERBE 7 ARXTERERE ., (o TS

@ Spatial frequency OAAFILARTER TIT—FE L
Lo, NBEERHIRE A 7 ) — vOxEiEo 5
&5 fE75emc Lo TH Y, ZBH LI L #ER
R TR LRMEE T £530.55 L 0.73TH
iy, Signal 7275 X44§ » Spatial frequencyZF
LLHRE 50 Tn5. SILBEN SRS Lo
D WTRE S ONICIEA~THEE L TRl feots .
R THEE AT A Fo =R V¥ — 4 7egs
{L4EEPY TS/N-obs. fFEAE X185 L\ 5 2 L.
EREOKRE =0 fIR, EEREE OHE kLol
#, Yy Neutral Filter % {§iJ 1 7- Table I qBf
5ERKBrOBEN G X RLWREL 2 L
DOLOTHS.

EERACOWTIREEF AL & &, maine
EET, A—FeRT2 L ELTANELT
ZHTEDONE I DD TITBTHRET 5.
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Fig. 5~15. The S/N observability curve with density curve of the bone concerned and its radiograph.
Y-axis: Distribution of affirmative answer (%).
X-axis: Noise-to-signal ratio.
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Iig. 11. (16) Can You Find out the Trabecular
Structure Above the Condylar Potion ?

Fig. 12 (18) Can You Find thej Patella ?
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Fig. 13 (21) Can You Find out the Pedicle ?
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Fig. 14 (22) Can You Find out the Transverse
Process ?
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Fig. 15 (23) Can You Find out the Superior
Ariticular Process ?
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Fig. 16 ThejStatistical Distribution of Maxim
um to Minimum Signal-to-Noise Ratio for
the 12th Inquiry, When Using Random Ch-
art of Uniform Type
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Fig. 17 The S/N-Observability Curve About the

Skull, When Using a Random Chart of
Uniform Type
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Fig. 18 The S/N-Observability Curve About the
Femur, When Using a Random Chart of Un-

iform Type
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Fig. 19 The S/N-Observability Curve About the
Znd Lumbar Vertebral Body, When Usi-
ng a Random Chart of Uniform Type
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iR < 12T RS LRIEIRRY 7 Y F 0 &
('R

2. S/N-observabilityljfit €80 %obs. 5 S/N
OBETinD, @, @BRE, @, DOIFTH
A

3. 0% 1.9~ 3.7dB TH b, @p% 1.9dB }
{E2, @ 3.7dB L\,

4. 80% obs.iz— 4.9~ 2.6dB THZE . @D
W% 1 ELCrheo i CcHET? :@
2.6dB@ 3.1dB Ligh, @Ak, @WIELTH—
2.5dB L A{HCEKTH S .

5. 99%obs. |3 1.8~ 9.9dB T, @p3 1.8dB
TIR{ESBH 9.9dB LiRETHS.

6. BATA VOB X L{FEREL0lx, 0.73%
L& &, 80%obs. oo\ ~C Table I ¢ S/N 3
2.2dB x b4 1dB PLEFERAT 5 4 oidinne,

7. @BOFEHEEL SN BETEC WET
Eious.

§ 5. #$53 (Table IV)

(1) B XFR A —BR AR CfER
Zhtc Random Noise Chart 2 HJig### 1, S/N
ZMEL, S/N-Observability Hfifi iR FH~
T

(2) WIEZhIz SN OFEH O RIRANC
LS, SIN ofE OB L S\ & —i)k
B E 5. Bl @ Physical S/N UKL CTH 1l
E&hic SN o E-b ok, R,
(@E#E, OPHRESEROER, ©F%E
B, OfiE Shic S/N MR Euvd ok
o (@ L5, BRE=E, QSR @FRE
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Table IV Results About the Skull, the Femur and the Second Lumbar Vertebral
Body, When Using a Random Noise Chart of ¢ Uniform >’ Type,
B ' - The lumbar
1. Range of 802 obs. 11.5 dB
SIN of all inquiries 11 dB ‘ 8.5 dB l 3 dB
— S S S— Y T .
2, gV 1.3— 1.9 » 1, 22.
| 20— 3.0 ~ 16 5, 13, 4, 8, 18, 2.
3.1— 4.0 20 3, 23, €, 12, 7, 21.
4.6 # 14
1.3~ 3.6 dB | 2.0~ 4.6 dB | 1.9— 3.7 dB
| —80—-—3.0dB21(Min.) 8, 18, 5, 22 6, 20.
3. 509 obs. SN —3.0—- 0.5 » 1, 3, 4, 12, 13 23 7.
N 1.3~ 4.4 » 14, 2, 1E:(Ma.x
Negative value n .t 1 VA
Magnificat. ratio g. ;g — g.sr-- 3.3 dB """"' — 48— 4.4 dB ‘ — 8.0— 0.3 dB
” »  0.53 — 3.4— 4.9 » 1.9— 6.5 ~ — 5.6— 2.2 »
4. 8309 obs. S|N — 4.9-— 1.0 dB 21(Min. ) 8, 18, 22, 5. N
—1.0— 5.0~ 1, 3, 4, 6, 7, 12 13, 20, 23.
S I N B | . 5.0— 6.0 » 2 14, lfp(Max ) .
Magniﬁcat ratio 0. 73 — 3.8— 5.7 dB | -— 2.5— 6.1 dB ‘ — 4.9— 2.6 dB
#» 0.55 — 1.6— 7.5 » I —0.2—8.7 ~ — 3.0— 4.7 ~
Corrected 8025 obs. — 25— 2.0 dB 21(Max. ) 8, 7, 18.
3/N 2.0—6.0 » 2, 3, 5 6 14, 20, 22, 23, 13, 12.
S I N N | 6.0— 9.6 » 16, 1, 4. (Min.) __
5. 999 obs. S/N 1.7— 2.0 dB 8(Min. ) 5, 22,
3.0—10.0 ~» Others
10.0—15.1 ~» 2, 3, 16, 14(Max. ). I R
1.7-12.0 dB | 3.0-15.1dB | 18-9.9 B
6. 80% obs. S|N difer- | 2.24 1.0 dB < 12, 14.
ence between mag. 2.2—~1.0 » > 0
ratio 0.55 and 0. i
THo (-85 e 0.1 1.6— 2.8 dB | 16-3.8d8 | 1.9-26d8
7. Uncalculated 9, 10, 11, 15, 17, 24, 5.

Integrals are implied No. of inquiries.

&) . ©PFLAIE Lo d o b & ik THlxl
i SINDE-$ 013 B (6085, @TE
HEOH) @A SN OEWL DR
(@ b= iRtRBER, @ LPAZEE) @ S/N
OEE L BZE DS L G LI OB (R
SIN pMEV O EIE I B 132 B s RFIES
PDEEEbD .

(3) S/N obs. fifitix IEHA A I
QAIBETE, @, B 77FKRTH%.
@) Folffoe ol 1.3~ 4.6dB Tg

DINE B S OO TFEGEE ( 1.3dB),@( 1.9dB,
0 Rigz b O3@KBEF MO S & HiH &
DIE (4.6dB) TH%.
(5) 50%obs. (X171 A hfiflill =, Hwio
—12

I

@ FEERE O ( 3.3dB), @KBEHE Lo
HEREE ( 4.4dB),GEf) 1.3dBcHbh, Ko
1®— 5.8dB, @—3dB ThH 7.

(6) 80%obs. |1— 4.9~ 6.0dB pFiPH-C,
AEL8IHET, — 1dB LIFi2@— 4.9dB, @
— 3.3dB, (®— 4.8dB, @— 2.3dB, &— 2.6
dB Thb, 5dB LlEix® 5.7dB, @ 5.2dB,
@ 6.1dB ¢H % . Signal o FET 5 @0k
&, R, PR s & TRITE T hE, @B
ILCIEfE L 7e b, 6dBEL 132G 6.1dB, @ 7.3
dB, @ 9.6dB kg% . Physical S/N 2 {ERD
A HREFIETIEME L /s b AficmS< .

(7)) #ZE4LHEE 0 %obs. ¢ Max. } Min,
DEX11.5dB TH 3.

D —
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(8) 99%obs. 1. 1.7~15.1 dB = dBLIF 3
@% 1.8dB, ® 1.7dB, () 1.9dBC# b, 10dB
Pl E@12dB, ® b v 24 BESE (10.3dB),@
15.1dB, @10.4dB T3 b, (7) offlcmEs
¥, LTs5dB pPllties,

(9) SN MEFETHETEZN D DIX® TH
B, QXREHE, OBk THY, SN BET ¥
THETEZNRLORG, @, @, 257 & OB
ETH5.

(10) HA74 Foof5$0.55, B3 250x L
M xick ¥, Table] x b Physical SN pF}40 |
2.2dB §5< e %%, 80% obs. TixrwiEL 1.6
~ 3.8LIE< ey, M X v 1dB Ll ki
DIR@THY, 1dB Pl I b b ol
V.

(1) WHokE Xk h80Y% obs. 3kt is
Wk, @, ®, ®f%E oM\ SO S opS/N
MEL e Tw 5,

R o — s 1720 B AR U SRS &
WCRERLA, (WR404E10 123 H) B T -t IE
HBECBHMT 5 LR REERT 5 12 2 b HEE
# i TR & o A8 BEMEN HK JEAF R I B2, e
RE o SRR EUR BB SR R L 2 3. Wi
SEBRIC I 2 5 1R e SRR BRI B B R A
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